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WAC&XTS.  A mineral  from  Bruninrick  in  the  State  of  Maine,  consisting  of  white 
t>mrly  scales,  liaring  the  feel  of  a soft  earthy  talc,  and  containing,  according  to 
Thomson  {Outlinra  of  Mineralogy,  i.  244),  6444  per  cent,  silica,  2884  alumina,  ^43 
ferric  oxide,  and  10  water  (»  9871).  TalciU^  from  Wicklow  in  Ireland,  is  similar  in 
physical  character,  but  of  different  chemical  composition,  containing  only  about  45  per 
cent,  of  silica.  A mineral  also  called  naoriit  from  the  niic2i*slatoof  the  Alps,  in  which 
Vauquelin  found  50  percent,  silica,  26  alumina,  5 ferric  oxide,  1*5  lime  and  17‘5 
potas^  appears  to  hare  been  a mica. 

XrA.O>TAGZTJl.  Foliated  Tillurium^  Black  Tellurium^  TtUurium^lance,  Blatter- 
Ullur^  Bldttererc. — Native  tellurido  of  lead  and  gold,  occurring  sometimes  in  dimetric 
crystals,  oP  . 2 Poo  . P,  in  which  the  length  of  the  principal  axis  is  1*298 ; cleavage 
basal;  more  frequently  however  in  lamellar  masses;  sometimes  granular,  ilardne.ss 
» 1 — 1*5.  Specific  gravity,  6 85 — 7’2.  Opaque,  with  metallic  lustre  and  blackish 
lead-grey  colour ; streak  the  same.  Thin  lamime  very  flexible.  When  heated  in  a 
tube,  it  gives  off  sulphurotui  anhydride,  and  yields  a white  sublimate  consisting  chiefly 
of  tcUtirous  anhydride.  Melts  easily  before  the  blowpipe,  burning  with  a blue  fl.'imc, 
and  forming  on  the  charcoal  a yellow  deposit  which  disappears  in  the  inner  flame,  and 
finally  leaving  a button  of  malleable  gold. 

Nagyagitc  contains,  according  to  the  most  recent  analysis  bySchonlein  (Ann.  Ch. 
Pharm.  Ixxxvi.  201),  9*70  per  cent,  sulphur,  30  09  tellurium,  60*95  lead,  9*10  gold, 
0*53  silver,  and  0*99  copper,  agreeing  with  the  fonnula  (Ppb ; Au*).(Te ; S).  Specimens 
analysed  by  Bcrthicr  and  Folbert  {IiammcUl>erg' a Mincrakkemie,  p.  57)  were 
found  to  contain  antimonjr  (3*77 — 4*55  per  cent.). 

Nagyagite  occurs  in  veins  at  Nag3r*ag  and  Offenlwnyn  in  Transylvania,  associated  nt 
the  former  place  with  ej'lvanite,  silicate  of  manganese,  blende  and  g<>ld,  and  nt  tho 
latter  with  antimony  ores.  It  is  also  said  to  occur  abundantly  at  Whitehall,  near 
Fredericksburgh  in  \rirginia.  {^KenngotCa  Ucbcraicht,  1850-51,  p.  143.) 

VAjrCBXC  ACZ1>.  Braconnot's  name  for  the  acid  which  he  found  in  tho 
wash-liquor  of  the  preparation  of  wheat-starch,  &e.,  afterwurda  shoe'll  to  be  lactic  acid 
(iii.  453). 

IfAPBTHA*  A term  applied  by  the  older  chemical  writers  to  a variety  of 
volatile,  mobile,  strong  smelling,  inflammable  liquids,  chiefly  belonging  to  the  chisa  of 
ethers;  thus  the  sulphate,  nitrate  and  acetate  of  etbyl  wmv  called  2iaphtha  vitriol^  N. 
mtri,  y.  aceti,  See.  Subsequently  it  was  restricted  to  the  liquid  hydrocarbons,  which 
issue  from  the  earth  in  certain  localities,  and  appear  to  bo  produced  by  the  action 
of  a moderate  heat  on  coals  or  bitumens.  More  recently  it  hiis  been  again  extended 
so  as  to  inclade  most  of  the  inflammable  liquids  produced  by  the  dry  distillutiun  of 
organic  substances.  The  liquids  thus  designated  arc  : — 

1.  Boghead  or  Bathgate  Baphtha«  also  called  Phologm  and  Paraffin  oil. — This 
liquid  was  originally  obtained  by  di.stilling  the  Torbane  hill  mineral  or  Boghead 
coid  at  as  low  a temperature  as  possible ; but  it  is  now  known  that  any  cannel  coal 
or  even  bituminous  shale,  if  subjected  to  similar  tn'utment,  will  yield  the  sunu^ 
products. 
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The  crude  distillate  is  a mixture  of  several  liquid  hydrocarbons,  together  with  acid 
and  basic  compounds.  When  piiritled  l>y  rKliMtillution  and  subsi'quent  treatment 
with  sulphuric  acid  and  caustic  so<la,  it  yields  an  oil  consisting  of  a mixt\ire  of  various 
fluid  hydrocarbons  holding  paraffin  in  solution.  By  distillation  withwater.it  is 
Separated  into  a volatile  liquid  (a)  lighter  than  water  and  containing  little  or  no  par- 
affin,  and  a le^s  volatile  liquid  which  conUiins  paraffin,  and  after  further  purification  by 
BucccRsive  treatment  witli  oil  of  vitriol  and  chalk,  is  well  adapted  for  lubricating 
machinery,  ^^^len  heated  to  between  —1®  and  + 4*6®  C.  (30®  ana  40°  F.\  it  deposits 
a portion  of  the  paraffin,  the  remaining  liquid  being  a saturated  solution  of  paraffin 
in  the  fluid  hydrocarbons. 

The  volatile  oil  (<i)  is  a mixture  of  a great  number  of  hydrocarbons,  belonging  to 
three  ditTerentseri^-s,  viz.,  the  olefines,  the  benzene  series,  and  the  marsh- 

gas  series  or  alcoholic  hydrides,  (’“11^^*.  To  separate  these  boilios  it  is  necessary  first 
to  subject  the  liquid  to  a long  st'ries  of  fractional  distillations,  whereby  it  is  resolved 
into  |)ortions  boiiiitg  at  intervals  of  10®,  and  then  to  treat  each  fraction,  first  with  bro- 
mine to  r»'move  the  ah*fines,  and  then  with  strong  nitric  acid  which  removes  lK*nzene 
and  its  homologues.  The  hydrocarbons  n'maining  after  these  successive  treatments  con- 
ri-Ht  of  the  alcoholic  hydrides,  The  following  have  Inen  separated  : — hydride 

of  hexyl,  OH‘*,  boilii^  at  68® ; hydride  of  octyl,  boiling  at  119°;  hydride 

of  dccaty I,  C'*1I”,  boiling  at  169°;  and  hydride  of  dodecatyl,  boiling  at  202°. 

Bone  Iffaptitliai  Bone  oil.  Dippers  animal  oil,  aln*ady  described  (i.  625),  consists 
chiefly  of  a mixture  of  hydrocarl>ons  which  have  not  yet  been  inve»tigate<l  with  certain 
volatile  bases,  viz.  ammonia,  pyrrhol  (C*II‘N),  aud  bases  of  the  series  and 

homologous  with  ethylamine  and  pyridine  respectively,  together  with  smulh  r 
quantities  of  acids. 

3.  Oaootcboud  Vaplitlka  or  Caoutchoucin  (i.  736\  is  for  the  most  part  a 
mixture  of  polymeric  hydrocarbons,  chiefly  caontchin  and  isoprenc. 

4.  Coal  Ifapbtlia  is  obtained  by  the  distillation  of  coal-tar  (see  i.  1038).  The 

**  light  oil’*  after  separation  from  the  heavier  “cn'osnte  oil,”  or  “d«  ad  oil,"  is  rt*ctified, 
whi  reby  o further  portion  of  heavy  oil  is  separated  and  crude  coa  1-n  a ph  t h a is  obtaine<l. 
This  is  agitated  with  sulphuric  acid  to  free  it  from  organic  bases,  and  the  sui^  rnatant 
liquid,  after  further  rectification,  yields  the  “ highly  rectified  naphtha”  or  “benzole”  of 
commerce,  which  is  chiefly  a mixtUTtJ  of  five  oily  liydrocarlons  of  the  benzene  series, 
viz.  benzene,  C*H*,  boiling  at  804°;  toluene  C*H*,  at  114°;  xylene,  C*H'°  at 
126°;  cumene,  at  144° ; and  cymenc,  at  177*6.°  The  liquid  hydro- 

carbons of  coal-naphtha  boiling  at  higher  temperatures  have  not  been  much  »tudi(Hl. 
Ordinary  coal-naphtha  likewise  contains  traces  of  olefines. 

The  oasic  constituents  of  crude  coal-nnphtha,  which  are  removed  by  agitating  the 
liquid  with  sulphuric  acid,  may  be  obtained  in  the  free  state  by  distilling  the  acid 
liquid  with  excess  of  alkali,  and  tk*narated  from  one  another,  partly  by  fractional  dis- 
tillation, partly  by  fractional  crystallisation  of  their  platinum-Hults.  These  bases  belong 
to  two  series,  the  one  scries  consisting  of  pyridine  ana  its  homologues,  represented  by  the 

feneral  formula  Oil**— *N,  viz.  pyridine,  OH*N  ; ptcolino  and  its  isomer,  aiii- 
ine,  OH*N;  lutidino,  C*n*N;  and  collidine.  OIl'’X ; while  the  other  series  of 
bases, OH^-”N,  is  isomeric  with  chinoline,  and  its  homoh>gue8,  viz.  leuco- 

line,  C*11'N;  iridoline,  andcryptidiiie,  C"H"N  (see Leccolink,  iii.  683). 

The  alcohol-bases,  01l***'N  (methylamiue  and  its  homologues),  which  occur  in 
bone-oil,  appear  to  be  altogether  absent  from  coal-naphtha. 

Coal-tar  also  contains  large  quantities  of  naphthalene,  (p.  4). 

The  “ dead  oil”  or  less  volatile  portion  of  coal-lur  contains  a considerable  quantity 
of  phenol,  phenylic  alcohol,  phenic  acid,  cnrl>olic  acid,  or  coal-tar  creosote, 
tc^other  with  several  hydrocarlx)n8  of  high  boiling  point,  and  exi.sting  at  onlinary  tem- 
peratures as  crystalline  solids;  these  have  been  but  im|)crfi*ctly  examined.  The  last 
portions  of  liquid  which  pass  over  in  the  distillation  ot  coal-tnr  c*mtain  two  of  these 
solid  hydrocarbons,  viz.  chrysene,  C*1I\  and  pyrene,  C'*H**,  the  former  being 
insoluble,  the  latter  soluble  in  ether  (see  Chbvskne,  i.  958).  The  last  semifluid 
portions  of  the  tar  also  contain  anthracene  or  pnranaphthalene,  C**H**,  which 
separates  out  in  the  solid  state,  when  the  semifluid  oil  is  ex|^oscd  to  a low  temperature 

(see  PARANAP1ITHA.LENB). 

5.  Mineral  or  Vatlwe  Waplitluu  Peiroleum,  Boek-oil,  Steinol, — This  is  an 
inflammable  liquid  of  a more  or  loss  tiirry  eon>*istence,  which  issue.s  from  the  earth  in 
various  localities,  occurring  in  large  quantities  in  Persia,  at  Uangoon  in  the  kingdom 
of  Burmal),  in  Canada,  and  other  parts  of  North  America,  and  is  gi  ncrally  asstxnated 
with  solid  bitumen  or  lisphalt,  as  in  the  great  pitch-lake  of  Trinidad  (i.  426).  Tfu*se 
naphthas  consist  almost  wholly  of  mixtures  of  h)i.lrocarbou» ; the  older  anal^-ees  made  of 
them  an?  of  little  value,  lx‘C‘auso  the  proximate  conslitucula  were  not  separated  with 
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fluiBci^Dt  care;  recentlj,  bowcTcr,  tho  American  petpolcum  ha«  been  made  the  «nbjcct 
of  to  elaborate  inyeatigatioo  by  Pelouse  and  Cahours  (Ann.  Ch.  Pharm.  exxiv. 
289;  cxxrii.  196;  exaix.  87X  ^bo  hnyo  shown  that  it  is  made  up  almost  entirely  of 
the  series  of  alcoholic  hydrides,  C'H**^*  from  hydride  of  tetryl,  C'lP*,  upwards,  the 
greater  portion  however  consisting  of  hydride  of  h<  xyl,  C*H‘^  (see  Htokiubs,  iii.  181 ). 
Hence,  and  from  the  composition  of  Boghead  and  cunncl  eoal-unphtlm,  it  would  appear 
that  these  hydrides,  homologous  with  marsh-gas,  constitute  the  chief  products  of  the  de- 
proposition  of  coal  and  bituminous  substances  at  coniparatively  low  temperatures  (see 
pBTBoLsnc). 

BurmtM  naphtha  or  Banaoon  tar  is  obtained  by  sinking  wells  about  60  feet  deep  in 
the  soil,  the  liquid  gradually  oozing  out  and  being  removed  as  soon  as  a sufheiont 
quantity  has  accumulated.  There  are  about  five  hundred  of  these  naphtha  wells,  yielding 
annually  about  412,000  hogsheads.  This  naphtha  contains  about  1 1 per  cent,  of  solid 
paraffin.  De  la  Rue  and  M tiller  (Proc.  Roy.  8oc.  viii.  221),  by  distilling  the  crude 
naphtha  in  an  atmosphere  of  steam,  superheated  for  the  higher  temperatures,  have 
reeved  it  into  the  following  portions : 

Below  100®  C 

110®  to  145® 

145®  to  melting  point  of  lead  . 

At  about  tho  melting  point  of  load  . 

Beyond  melting  point  of  lead  • 

lAst  distilled ..... 

Residue  in  still  .... 


Free  from  pamffln 
A little  paraffin  . . . . 

\ Containing  paraffin  but  still  fluid  ^ 
J atO®  . . . ( 

i Sufficiently  solid  to  be  submit- 1 
( ted  to  pressure  . . . ^ 

Quantity  of  paraffin  diminishes  . 
Pitchy  mutters  . . . . 

tCoke  containing  a little  earthy! 
) impurity.  , . • •) 


11 

10 

20 

31 

21 

3 


100 

The  proportion  of  hydrocarbons  removable  from  the  various  distillates  by  strong  sul- 
phuric acia,  nitric  acid,  or  r mixture  of  both  acids,  is  in  mo!»t  coses  small,  incrc-asing 
gener.illy  however  with  the  boiling  point  of  the  liquid,  and  varying  from  one-tenth  to 
nearly  a third  of  the  compound  hydrocJirl>on  ; henco  it  is  prolwble  that  this  napiitba 
Likewise  consists,  for  the  most  part,  of  homologucs  of  marsh-gas.  Tho  hydrocarbons 
removed  by  nitric  acid  consist  of  benzene,  toluene,  xylene,  and  cumene. 

6.  Shale  Waphtha.  otV.— The  naplitlias  obtained  by  the  dry  distillation  of  the 

various  bituminous  shales  or  schists  pn*seut  groat  diversity  of  composition,  and  but 
few  of  them  have  hitherto  been  submitted  to  careful  examination.  Tho  bituminous 
shale  of  Dorsetshire,  tho  naphtha  from  which  has  been  examined  by  C.  Or.  Williams 
(Chero.  Soc.  Qu.  J.  vii.  97),  contains  much  nitrogen  and  sulphur,  oriHing  to  a great  ex- 
tent from  the  presence  of  a large  quantity  of  semi-fossilised  animal  remains.  Hence 
the  crude  naphtha  is  intolerably  fetid.  It  may  be  sweetened  and  freed  from  its  basic 
and  acid  constituents  by  repeated  treatment  with  sulphuric  acid  and  caustic  sod;i,  and 
then  contains  nearly  the  same  constituents  as  Boghead  naphtha,  viz.  benzene  and  its 
hnmologues.  various  olefines,  and  small  quantities  of  tho  bomologues  of  marsh-gns. 
The  basic  constituents  n‘moved  by  sulphuric  acid  consist  of  pyridine,  and  its  homo- 
logues  ; the  acid  portion  is  chiefly  phenic  or  carbolic  acid 

The  French  shale  oils  have  been  examined  by  Laurent  and  St.  Evre,  but  without  any 
very  satisfactory  results.  Laurent’s  analyses  Imve  been  quoted  by  G erhardt  (lYait), 
hr.  423X  to  show  that  the  hydrocar1>ons  approach  in  composition  to  the  formula  nCU^ 
(calc.  85*7  per  cent,  carbon  ; anal.  85-6 — 86*2  per  cent.). 

Iiaurent,  by  subjecting  the  portion  of  shale  oil  boiling  between  80®  and  150®  to  the 
action  of  l^iling  concentrated  nitric  acid,  obtained  an  acid  which  be  called  ampelic 
acid  (i.  201),  having  tho  composition  of  salicylic  acid,  C*U*0*,  and  probably  formed  by 
the  oxidation  of  one  of  the  bomologues  of  benzene. 

The  various  bitumens  and  asphalts,  of  which  immense  deposits  exist  in  many  coun- 
tries. yield  by  distillation  oils  or  naphthas  of  similar  nature  to  shale  oil. 

The  shale  oU  prepared  at  Reutling  from  *'  Posidonienschiefer,”  yields  by  distillation 
a small  quantity  of  tar  not  exceeding  3 *5  per  cent.  The  hydrocarbons  obtained  from  it 
are  said  to  have  s composition  reprv.nented  by  the  formula  the  greater  portion, 

which  boils  betwwn  160®  and  175®,  being  (Harbordt,  Anu.  CIl  Pharni. 

) 

For  further  details  resix'eting  tho  preparation,  properties,  and  composition  of  tho 
iM'veral  naphthas  above  mcntionc’d,  sec  tho  series  of  excellent  articles  on  Naphthas  by 
C.  Or.  Williams  in  the  now  edition  of  t'Vc's  Dictionary  of  Arts^  Manufacture  and 
Mims,  iu.  220-233. 
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VAJPBTJBLA3>ZZi.  A HubiitaDce  derived  from  miDcml  niiphtba;  it  is  black,  with  a 
weak  greasy  lustre  ; copper-lm)wn  in  fnicture  ; does  not  change  in  the  light,  melts  at 
the  same  temperature  as  wax,  and  burns  with  a cle«ar  flame.  (Dana,  ii.  470.) 

XTAPHTBAXAMinB.  Syn.  with  Phthalamide. 

xr^BTBAZ.ASE.  C^HWf.  (Laurent,  Ann.  Ch.  Phys.  [2]  lix.  326.)— To 
j»ropare  this  compound,  nitro-naplitlialme  is  heated  with  great  care  with  8 or  10 
times  its  weight  of  hydrate  of  barium,  the  retort  being  filled  up  to  the  neck.  Ammonia, 
naphthalene,  and  an  oil  then  pass  over,  while  a thicker  oil  condenses  in  the  neck  of  Uie 
retort,  and  solidifies  on  cooling.  In  order  to  obtain  the  naphthalose,  the  neck  of  the 
retort  is  to  be  eut  off  mar  the  bulb,  and  washed  with  ether,  by  which  means  the  oily 
impurities  and  any  naphthalene  present  are  removed. 

Naphtlialase  is  a yellow  suWtanee  which  sublimes  without  fu.sing  at  250*^.  At  a 
still  higher  temj>eraturo  it  melts  and  boils,  giving  off  a yellow  vapour  which  condenses 
in  small  spangles,  which  are  deprisited  in  long  yelKiW  needles.  It  is  in.soluble  in  alcohol, 
almost  insoluble  in  eth«T,  suluhle  in  water.  Its  most  characteristic  property  is  its 
power  of  colouring  sulphuric  acid  a beautiful  violet  tint.  The  smallest  quantity  gives 
the  reaction,  and  the  colour  is  not  destroyed  in  hermetically  closed  tubes,  even  after 
thn  laivse  of  two  years. 

Nuphthalase  does  not  appear  to  bo  destroyed  b^  nitric  acid,  inasmuch  as  after  being 
heated  with  that  acid,  it  still  dissolves  in  sulphuric  acid  with  a blue  colour.  Chlorine 
does  not  remove  from  it  its  power  of  colouring  oil  of  vitriol. 

No  success  has  attended  the  various  efforts  which  bate  been  made  to  isolate  the 
coloured  substance  which  naphtlialase  forms  with  sulphuric  acid,  with  a view  to  in- 
dustrial purposes.  C.  G.  \V. 

V.AJPHTBAUWE.  Syn,  Naphthalinf,  yaphthalin.  (Garden,  Thom- 

son's Annuls  of  Philosophy,  xv.  74  ; Faraday,  Phil.  Trans.  1826 ; Keichcnbacb, 
Schw.  J.  Ixi.  175;  Ixviii.  233;  Dumas,  Ann.  Ch.  Phys.  1.  182;  Dumas  and  Stas, 
ihid.  Ixxxvi.  40.  Laurent,  ibid.  Ixix.  214;  Revue  Scientif.  vi.  76.  Producia  of  its 
oxidation:  RC*vuo  Scientif.  xiv.  560.  Chlonnattd  and  brominatfd  d^rii'atiiHs:  Ann. 
Ch.  Phvs.  xlix.  218  : lii.  275;  R^vuo  Scientif.  xi.  361 ; xii.  193 ; xiii.  66,  679  ; xiv.  74, 
313.  iUtric  dtriiyiticfs:  Ann.  Ch.  Phys.  lix.  376;  R^vue  Scientif.  xiii.  67.  Suiphu- 
ric  acid  dtrivalivrs : Revue  Scientif.  xiii.  687.)  For  an  extended  list  of  memoirs  on 
naphthalene,  see  Gmeiiri's  fIandboi»A\  xiv.  1. 

Naphthalene  app«*ar8  to  have  been  first  noticed  publicly  by  Garden,  who 
extracted  it  from  the  crude  aistillalefrom  coal.  It  was  also  observed  by  He  ic  hen  bach 
during  his  researches  on  destructive  distillation.  It  was  first  analysed  by  Faraday, 
who  not  only  determined  its  composition  accurately,  but  also  arrived  at  its  true  atomic 
weight.  The  most  laborious  researches  upon  naphthalene  were  made  by  Laurent, 
who  was  more  or  less  engaged  in  studying  it  for  nearly  twenty  years.  Some  of  the 
earliest  and  most  decided  instances  of  substitution  of  chlorine,  &c.,  for  hydrogen  weru 
discovered  in  the  course  of  his  stmlies  of  this  hydrocarbon. 

Fonnation. — Generally  product*d  when  organic  bodies  are  distilled  p€r  se  at  very 
high  temperatures.  1.  By  distilling  coal.  When  coal-tar  is  distilled,  the  naphthalene 
wUch  it  contains  is  found  to  accompany  the  liquids  which  come  ov<‘r  at  almost  all  the 
temperatures  observed.  It  is,  however,  more  abundant  in  the  portions  distilling  about 
216'^.  Even  the  cymeno  distilling  at  alx)ut  178^  is  often  so  contaminutcHl  with 
naphthalene  as  to  be  isolatiMl  only  with  the  greatest  difficulty  and  great  loss. 
Naphthalene  is  often  retained  in  a fluid  condition  in  a remarkable  manner  by  the 
sulwtances  which  accompany  it  in  the  crude  coal  oiL  It  not  unfrequently  happens 
that  a liquid  which  has  remained  fluid  for  months,  even  in  cold  weather,  may  by 
repeated  treatment  with  sulphuric  acid,  followed  by  refrigeration,  be  almost  entirely 
converted  into  solid  naphthalene.  It  is  also  found  in  the  tar  of  shales  and  analc^ous 
substances  accompanying  paraffin. — 2.  Alcohol  and  ether  vajiour,  and  even  olefiaut 
gas  and  acetic  acid  vapour,  yield  more  or  less  naphthalene  when  passed  through  red- 
hot  tubes. 

3.  Petroleum  and  most  essential  oils  pa<!iscd  through  red-hot  tubes  also  afford  it 
(Saussnre,  Berthelot).— 4.  Camphor  vapour  passeil  over  red-hot  quicklime,  yields 
naphthalene  (Fr^my).  From  the  alxive  con-Hidemtians  it  is  not  remarkable  that 
naphthalene  should  be  found  in  soot  and  lamp-black.  Dumas  at  one  time  asserted 
that  naphthalene  exists  ready  formed  in  coal ; this,  however,  has  been  denied  by 
Reichonbacli.  Since,  however,  it  is  certain  that  paraffin  exists  reotly  fortued  in 
Boghead  coal  and  certain  cauucls,  it  is  to  bo  desired  that  this  question  sliouU  be 
determined  more  carefully.— 4.  Sulphide  of  carl)on  vapour  mixed  with  sulphuretted 
hydrogen,  or  a mixttire  of  these  two  with  carbonic  anhydride,  when  passed  over 
STOngy  copper  or  iron  at  a dull  red-heat,  yields  naphthalene  and  other  products 
(Berthelot).  Some  chemical  substances  containing  no  hydrogen,  such  us  the  proto- 
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chloride  of  carbou,  C^Cl’,  wheu  passed  together  with  hydrogen  through  a red-hot  tube 
yifld  naphthalene.  (Hertbelot.) 

Prfparation. — The  quantities  of  naphthalene  which  aro  obtained  as  bye-products  in 
the  preparation  of  coal-naphtha  are  so  large,  that  even  if  n use  for  it  were  discovered, 
it  would  scarcely  be  necessary  to  take  special  measures  for  its  extraction.  It  is  often 
found  in  quantities  (amounting  in  some  cases  to  tons)  iu  the  tanks  in  which  pitch-oil 
(heavy  coal-oil)  is  stored.  Coal-tar  from  which  the  lighter  oils  have  been  removed  by 
a preliminary  distillation  is  distilled  in  lai^e  iron  stills.  The  distillate  is  received  in 
puncheons,  and  the  process  is  carri»><!  on  until  the  liquid  is  heavier  than  wafer.  The 
first  200  gallons  from  a charge  of  7000,  contain  but  little  naphthalene ; all  the  rest  of 
the  distillate  abounds  in  it.  To  extract  the  naphthalene,  small  quantities  of  sulphunc 
acid  may  be  shaken  with  the  oil,  and  then  after  settling  for  a short  time,  may  bo  run 
off.  The  supernatant  oil  on  coling  to  0®  deposits  largo  quantities  of  the  naphthalene. 
On  repeating  the  process  more  and  more  will  be  obtained,  until,  in  many  instances, 
almo^t  the  whole  will  become  solid.  Previous  to  cooling  it  is  sometimes  advisable  to 
distil  the  oil  after  the  treatment  with  acid  and  removal  of  the  tarry  deposit.  During 
the  di.*«tUlation  large  quantities  of  sulphurous  acid  are  given  off.  Where  a difficulty  is 
found  in  getting  the  naphthalene  to  deposit,  a treatment  with  a little  bleacluDg 
powder,  after  the  acid,  snu  then  distilling,  will  generally  effect  the  separation. 

Pur^atum. -^Tho  crude  greasy  naphthalene  obtained  os  al>ove  may  be  drained  on 
doth  strainers  until  most  of  the  oil  is  removed.  The  remainder  may  then  be  got  rid 
of  by  pressure  in  stnmg  bags.  Exposure  to  the  air  for  a long  time  greatly  improves 
the  product.  The  roughly  purified  substance  may  then  be  redistilled,  the  receiver 
Wing  changed  when  the  product  comes  over  colourless.  To  obtain  it  in  large  crystals 
it  may  be  melted  in  basins  on  the  sand-bath.  Covers  of  paper  should  be  pasted  over, 
and  care  should  be  taken  that  the  basins  are  not  more  than  half  full  When  the 
contents  arc  melted  and  beginning  to  sublime,  the  whole  may  be  allowed  to  cool. 
When  quite  cold  a huxe  quantity  of  colourless  crystals  will  bo  found  between  the  cake 
of  naphthalene  and  the  paper  cover.  They  may  be  removed  with  a feather.  The 
residue  may  l>e  prt«M*d  to  extract  oily  impurities,  and  the  process  can  be  re|>eated  until 
alm«>Ht  the  whole  has  been  convert^  into  crystals  (Otto).  The  methods  of  purifi- 
caUon  given  cun  be  employe^l  on  any  scale,  from  tho  largest  to  the  smallest,  without 
fear  of  failure ; if  will  be  unnecessary  therefore  to  deacril^  other  methods. 

Naphthalene  when  pure  consists  of  brilliant  white  scaly  crystals,  very 
friable,  strongly  and  unpleasantly  odorous,  and  having  a density  of  T153  at  18®,  and 
of  0 9778  in  h melted  state  of  79  2®.  As  obtained  by  sublimation,  the  crystals  are 
gcnendly  rhombic  tables  of  122®  and  78®,  the  hexagonal  form  arising  from  truncation 
of  the  acute  angles.  According  to  Laurent,  naphtlialeno  may  be  obtained  in  mono- 
clinic prisms,  by  spontaneous  evaporation  from  a solution  in  ether.  According  to 
Chamberlain,  it  crystallises  from  turpentine  in  prisms  having  pyramidal  terminations. 
It  melu  at  79  2®  (H.  Kopp),  and  Vk)!!.**,  according  to  the  last  ohstrvor,  at  218®,  the  baro- 
meter standing  at  760  mm.  It  sublimes  even  at  low  temperatures ; diarils  readily 
along  with  fluid  hydrocarbt.-n8,  and  even  along  with  the  vapour  of  water.  On  water  it 
rotates  somewhat  like  camphor.  Its  vapour-density  is  4*628  according  toDumas,  but 
an  determined  by  Natanson  (in  an  apparatus  enabling  the  volume  of  vapour  to  be 
measured  in  a manner  analogous  to  Gay-Lussac's  method),  tho  value  4*46  was 
obtained.  Theory  for  two  volumes,  requires  4*43.  It  is  insoluble  in  cold,  and  almost 
insoluble  in  boiling  ualrr  ; dis-solves  readily  iu  alcolu4,  tthr^  fatty  and  entntial  oils 
and  most  oils  obtained  by  destructive  di>aillation,  whi  ther  hydrocarbons  or  oxidised 
bodies.  It  also  di«tolve«  in  acittc  and  oxalic  acidi.  Its  solution  in  tur^niint  is  ac- 
companied by  a fall  in  temperature. 

jiecompositions. — 1.  Naphthalene  bums  with  a dense  smoky  flame.  (The  condensed 
soot  of  naphthalene  forms  one  of  the  varieties  of  commercial  lamp-black.)  When  it  is 
passed  over  red-hot  lime  or  baryta^  carbonate  of  calcinm  or  barium  is  formed  and  hydro- 
gen is  given  ofL — 2.  By  chlorine.  Chlorine  acts  with  energy  on  naphthalene,  heat 
being  evolved  and  hydrochloric  acid  formed.  The  moss  at  first  melts,  but  on  continuing 
the  stream  of  gas  it  gradually  solidifies  again.  At  this  stage,  the  principal  products  of 
the  reaction  are  hydrochlorate  of  chloronaphthalene,  C**H*C1.I1C1  (Oerhardt's  clilo- 
ride  of  naphthalene),  and  dihydrochlorate  of  dichloronaphthalene,  C'*H*C1’.2UC1. 
The  continued  action  of  chlorine  causes  the  sul>«titution  to  go  still  further.  The  substi- 
tution of  chlorine  for  the  hydrogen  of  naphthalene  may  bo  continufd  until  the  whole 
is  replaced,  and  the  compound  C'*Cl*  is  reached.  Tho  hydrochloric  acid  produced  by 
union  of  the  hydrogen  of  the  naphthalene  with  the  chlorine  is  not  given  off,  but  remains 
in  combination  with  the  chlorinatwl  derived  radicle;  it  may,  however,  be  nsmoveil  by 
treatment  with  alkalis  or  by  the  action  of  heat ; the  chlorine  which  replaces  the  hydro 
g**n,  on  the  other  hand,  is  unaffecle<l  by  heat  or  alkalis. 
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Laurent's  assume  a complicated  appearance,  owing  tothe  circumstance  (hat 

Bubstitutiun^roducts  of  the  siimo  formula  may  be  obtained  iu  sevenil  different  ways, 
and  any  difference  in  the  mode  of  preparation  causes  tho  resulting  bodies,  in  the 
majority  of  instances,  to  vary  in  melting  point.,  crystalline  form,  hardness  or  other 
characters;  they  have  been  described  by  him  us  isomeric  moditications,  and  indivi* 
dualised  by  characteristic  letters.  In  some  of  the  cases  cited  by  Laurent,  there  is 
little  doubt  that  the  variations  in  properties  were  due  to  the  different  specimens  not 
being  in  an  equally  high  state  of  purity,  but  this  will  certainly  not  account  for  all  the 
obser\’ed  differences. 

3.  By  brominf.  Bromine  acts  upon  naphthalene,  forming  numerous  compounds  ac- 
cording to  the  manner  in  which  the  ingi^ents  are  allowed  to  react  on  each  other. 
The  reaction  between  tho  two  6ul>stance8  is  energetic,  hydrobromic  acid  being  liberated 
and  substitution  compounds  formed.  By  actingwitli  bromine  upon  chlorinated  naphtha- 
lene, snbstances  may  be  obtained  having  the  same  composition  as  those  procuniule  by 
treating  brominated  naphthalene  with  chlorine.  According  to  Laurent,  some  of  these, 
although  having  the  same  crystalline  form,  differ  according  to  the  orderof  tho  formation. 

4.  Iodine^  pl^phorui,  a\Uphur^  chloride  of  carbon,  cyanogen,  and  hydrochloric  acid, 
are  without  action  on  naphthalene.  An  attempt  to  form  the  iodide  of  a more  hydro- 
genated hydrocarbon,  by  acting  with  fuming  bydriodic  acid  on  naphthalene,  gave  no 
result,  although  the  acid  had  a density  of  1*9  aud  was  heated  with  the  naphthalene  in 
a scaled  tube  to  100®  C.  (Possibly  at  a higher  temperature  the  experiment  might  be 
more  successful.) 

5.  liitric  acid  acts  upon  naphthalene.  If  moderately  strong  nitric  acid  be  added  to 
naphthalene  and  allowed  to  act  at  ordinary  temperatures,  nitro-naphthalene  is 
slowly  formed.  The  nitro-naphthalene  so  produced  maybe  converted  intodi-nitro- 
naphthalene  by  boiling  for  a long  time  with  strong  nitric  acid.  The  reaction  does 
not  take  place  very  readily,  but  u mixture  of  nitric  acid,  Nordhuusen  sulphuric  acid  and 
nitro-naphthalene  yields  di-nitro-naphthalcne  readily,  if  heated  to  boiling  in  an  apparatus 
allowing  the  vapours  to  become  condciiscHl  and  flow  back. 

6.  An  oxidising  mixture  consisting  of  acid  chromate  of  potassium  wilh  sulphuric  or 
hydriKkloric  acids  appears  to  form  two  compounds  according  to  tho  sUilo  of  concentra- 
tiou,  the  terafKTttture,  or  other  eircumstanct's.  One  of  these  substances  is  said  to 
have  the  formula  C*I1‘0',  and  to  bo  of  a beautiful  rose  colour.  It  appears  to  have 
feeble  acid  pro|x.*rties.  The  other  is  said  to  contain  C'*IPO*,  aud  to  have  more  decided 
acid  chanicters.  Tlic  subject  requires  re-examinatiou. 

7.  ^litrousacidwnA  <79Ka-rt;^m  both  apfwur  to  yield  nitro-naphthalene  and  anoilylxidy, 

8.  Sulphuric  acid  fonns  several  conjugated  acids  with  naphthalene;  they  will  bo 
found  de»cribt*d  under  their  respective  headings. 

According  to  Fritzsche,  naphthiilcno  may  be  made  to  unite  with  p/mc  acid  atom 
to  atom,  by  dissolving  the  two  substances  in  hoi  alcohol  or  benzene,  and  cooling. 

Tlie  limits  of  this  work  will  not  a«lmit  of  an  extended  account  of  the  vast  number 
of  substances  obtained  by  Lanrcnt  and  others  by  acting  upon  naphthalene  with  chlorine, 
bromine,  nitric  acid  and  sulphuric  acid.  We  shall,  however,  endeavour  to  give,  an  con- 
cisely as  possible,  a brief  statement  of  the  nature  and  methods  of  production  of  tho 
more  important  derivatives.  For  a full  account,  tho  reader  is  referred  to  Oerhardt’a 
I'raite,  iii.  p.  413,  rt  seq.,  and  the  Cavendish  Society’s  translation  of  Gmelin’s  Handbook, 
xir.  1,  et  seq.  In  the  first-named  work  tho  article  on  naphthalene  occupies  51,  and 
iu  the  second  92  pages. 

Chlorino  dirivativcs. 


Tho  table  on  p.  7 contains  a list  of  tho  principal  chlorides  aud  bromides  of  naphtha- 
lene. They  are  decompos<.*d  by  heat  and  also  by  alcoholic  potash,  hydrochloric  or  hy- 
drobromic  acid  being  rt-moved,  and  chlorinated  or  brominated  naphthalene  produced. 
The  names  us  given  by  Gmelin  generally  accord  with  Laurent’s  earlier  views. 

The  following  table  contains  a list  of  the  principal  substitution-products  derived 
from  naphthalene  W the  substitution  of  chlorine  or  bromine  or  both  for  the  hydrogen 
of  naj>hthaleno.  They  arc  for  the  most  part  produced  by  treating  the  substances 
given  in  the  table  of  chlorid(»  and  bromides  with  alcoholic  potaslu 


ChlorO‘  and  Bromo-naphthahnrs, 


Chloronaphtbalenc 
Bromonaphthalcno 
Liohloronaphtbalene 
Dibromonuplithalene  . 
Trichloronaphthulenc  . 

T ri  bromonapli  t lialene  . 
Bromodichlorouapbthalcne 


. C‘»H^a 

. C'*H»Br 

. C'*H«Br* 

. C**H»Br> 

. C‘*H»BrCF 


Tet  ruchloronaphthalene 

Bromolrichloronaphtbalenc  . 

Dibromodichloronaphthalene 

Tetrabromonaphtbulene 

Dibromotrichloronaphthaicnc 

Hcxchloronapbthalene 

PercUlorouaphtbaleue 


C**H‘BrCl* 

C>*H*Br“Cl» 

C'*IPBr« 

C-HMlrCl* 

C*C1* 
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\Vo  shall  consider  briefly  the  mode  of  preparation  of  each  of  the  Bubstances  enumerated 
in  the-aboTe  Lists. 

Dichloride  of  aphthalene.  Qevh^r  At' s Chloride  of KaphihalaUfC'*B*C\*. — 
This,  tho  first  product  of  the  action  of  chlorine  on  naphthalene,  may  be  prepared 
by  passing  chlorine  over  naphthulpoo  until  tho  product  has  passed  through  an  oily 
stage  and  la^gins  to  become  granular.  The  operation  mu.st  not  be  carried  so  far  as  to 
chlorinate  all  tho  naphthalene.  The  mixture  is  to  be  heated  in  a dish  for  a long  time 
to  n temperature  between  60®  and  60®,  then  dissolved  in  ether  and  cooled  to  — 10®,  and 
the  ethereal  solution  mixed  with  alcohol  and  oil  exposed  to  the  air  until  two-fifths  of 
the  oil  have  been  deposited  : this  oil  contains  the  oily  chloride  of  naphthalene.  Tho 
third  fifth  may  also  bo  collected ; it  is  the  solid  chloride,  in  a state  of  puritv. 

i>ichloride  of  naphthalene  is  oily,  soluble  in  all  preportions  in  ether,  but  leas  solu- 
ble in  alcohol.  On  distillation  it  decomposes  slowly,  giving  off  hydrochloric  acid, 
and  yielding  chloronaphthaleue,  With  alcoholic  potash  it  yields  tho  last- 

uuminl  substance  and  cidoridc  of  potassium. 

Dichloride-of  Dromonaphihalene.  C'*H^Br.Cl’.  Lauremt'e  Bxthchloride  of 
Bronaphtaet.  When  chlorine  is  passed  into  crude  bromonaphthaleno,  it  thickens  and 
deposits  a crystalline  matter.  Ether  is  poured  on  the  product,  and  the  mixture  Is  allowed 
to  remain  for  24  hours.  The  oily  portion  is  to  bo  decanted,  and  the  ciystalline  powder 
washed  with  ether  and  then  dissolved  in  a largo  quantity  of  boiling  ether.  By  sponta- 
neous evajK>ration  the  chloride  of  bromonapthalene  is  deposited  in  small  rhomboidal 
tables  reseinblinp;  those  of  dichloridc  of  naphthalene.  The  crystals  aro  derived  from  an 
oblique  prism  with  a rhombic  base  (Gorhardt,  loc.  cit.).  Melts  at  165®. 

Dibromidc  of  Trihromonapkthalene.  C '*H ‘Br*. Br*.  Suhhromide  of  Bronaph- 
tUc,  Produced,  together  with  dibromide  of  dibromonapthalene  when  dibromonaphtha- 
lene  is  treated  with  bromine.  On  boiling  the  mixture  with  ether,  the  dibromide 
of  tribromouaphtbalcno  dissolves,  and  on  spontaneous  evaporation  is  deposited  as  a tioc- 
culent  powder  consisting  of  white  microscopic  needles.  It  decomposes  on  distillation, 
giving  off  hydrobroraic  acid,  a little  bromine,  and  a crystalline  matter  veiy  slightly 
soluble  in  ether. 

Tetrachloride  of  Naphthalene.  Gerhardt’s  Bichloride  of  naphthalene. 
C'®H*.C1*.  Hydrochlorate  of  chloronaphtale8e.—~Th.\B  substance  exists  in  two  isomeric 
modifleutiuns. 

Modifeation  a. — "When  a rapid  current  of  chlorine  is  passed  over  naphthalene 
in  rather  large  quantity  (wij'  one  or  two  pounds)  tho  naphthalene  fuses,  hydrochloric 
acid  is  disengagetl,  and,  if  the  current  be  sustained,  the  whole,  after  some  time, 
begins  to  thicken  again.  The  mixture  at  this  point  contains  oily  dichloride  of  naph- 
tlialene,  tetracliloride  of  naphthalene  a,  the  modification  $,  and  tetrachloride  of  chloro- 
naphtbalene,  the  last  two  in  small  quantity.  Ether  is  to  l>e  poured  on  the  mixture  to 
render  it  more  fluid.  After  repose  for  some  hours  the  oily  portion  is  to  be  decanted  and 
the  residue  thrown  on  a filter.  After  being  well  drained  the  residue  is  dissolvetl 
in  benzene  and  allowed  to  cool  very  slowly.  Tho  tetrachloride  soon  begins  to  crystallise 
out,  and  if  tho  solution  be  tolerably  large  in  Quantity  (half  a gayon  or  a gallon)  fine 
rhombohedrons  will  bo  deposited.  Tho  writ<*r  mts  sometimes  obtained  them  nearly  a 
quarter  of  an  inch  on  the  side.  They  are  colourless,  transparent  and  exactly  resemble 
calc-spar.  They  also  possess  p^>werfuUy  the  property  of  double  refraction. 

This  modification  of  tetrachloride  of  naphthalene  is  inodorous,  insoluble  in  water, 
slightly  soluble  in  alcohol,  moderately  so  in  ether,  but  very  soluble  in  benzene, 
rock-oil  and  analogous  liquids.  It  melts  at  160®  and  solidifiestoa  crystalline  mus.s  on 
cooling.  If  a crystal  beaddtxl  to  the  partially  fused  chloride,  the  whole  will  solidify  at 
about  150®  in  rhombic  tablets.  On  the  other  hand,  if  tho  chloride  be  perfectly  fu-ed 
and  allowed  to  cool  without  adilition,  the  mass  sometimes  solidifies  at  150®  in  rhombic 
tables,  and  sometimes  betwit'n  100®  and  110®  in  concentric  needles. 

It  is  decomposed  by  distillation,  giving  off  hydrochloric  acid  and  an  oily  matter. 
Only  a trace  of  carbon  (1  or  2 per  cent.),  remains  in  tho  retort  The  distillate 
con.d.sts  of  a mixture  of  four  isomeric  forms  of  dichloronaphlhalene.  These  products 
arc  always  accompanied  by  a small  quantity  of  undecom|>osed  tetrachloride  of  naphtha- 
lene. Alcoholic  converts  it  into  the  two  modifications  e and  ad  of  dichloro- 

nuphthalcne. 

Modification  $. — This  variety  of  tetrachloride  of  naphthalene  is  distinguished  from 
a by  its  solubility  in  ether.  It  is  formed,  us  already  observeil,  at  the  same  time 
as  the  mcKlificntion  a when  chlorine  is  pnsstd  over  naphthalene.  It  is  contained 
in  the  oily  portion  rendered  more  fluid  by  ethor  which  has  been  directed  to  be  poured 
off  from  the  solid  portion  which  consists  chiefly  of  a.  The  liquid  containing  ether  is 
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to  be  cooled  to  0®  and  kept  at  that  terapernture  for  48  hours ; it  will  then  solidify  to  a 
mass  resembling  froz«‘n  olirc  oil.  The  solid  portion  may  be  collected  on  linen  and 
freed  from  the  mother-liquid  by  pressure.  The  solid  is  to  be  dissolved  in  ether  con- 
taining about  one-tenth  of  alcohol.  The  solution  left  to  spontaneous  evaporation 
yields  a crystalline  mass  containing  both  the  modifications.  The  mass  must  be  well 
pressed,  dissolved  in  boiling  alcohol,  and  very  slowly  cooled.  The  first  crystals  which 
form  will  be  almost  pure  a,  the  rest  of  the  crops  will  be  succeasiTely  richer  in  B.  By 
repeated  crystallisations  from  ether  the  latter  may  be  obtained  pure.  Its  purity  may 
be  known  by  its  dissolving  rapidly  and  without  residue  in  other. — It  is  colourless, 
inodorous,  very  soluble  in  ether,  alcohol,  benaene,  and  himilar  hydrocarbons.  It  crystal- 
lises in  small  lamellie  of  indeterminable  form  which  unite  into  globes  often  of  consi- 
derable diameter.  Submitted  to  dUtillation  it  ^ves  off  hydrochloric  acid,  an  oil,  and 
the  modification  c of  dichloronaphthalene.  Boded  with  alcoholic  potash  it  yields  an 
od  and  the  modification / of  dichloronnphthalcne. 

JSromoCrichloride  o/ yaphthalene,  C‘*II*.Cl*Br. — To  prepare  this  substance, 
tetrachloride  of  naphthalene(ni(^ification/3)  is  treated  with  bromine  inaclosed  flask  for 
48  hours;  the  mixture  whsIkkI  with  warm  ^cohol  to  remove  the  excess  of  bromine  and 
undecomposed  tetrachloride  ; and  tho  crude  dichlorobromide  of  naphthalene  purified  by 
crrstallisat  ion  from  boiling  ether.  It  is  colourless,  more  soluble  in  ether  than  the  modifi- 
cation a of  tetrachloride  of  naphthaleofs  but  less  soluble  than  the  variety  It  is  de- 
composed both  by  distillation  and  by  alcoholic  potash. 

Tetrachloride  of  Chloronaphthalene.  Gerhardt’s  Bichloride  of  chloro- 
naphthaline.  I^urent's  Chloride  of  chloronaphthase.  C'*H’CLC1*. — This  substance 
may  be  prepared  from  the  tetrachloride  of  naphthalene,  and  like  that  compound  exists 
in  two  different  modifications,  one  being  solid  and  the  other  an  oil. 

Solid  modification, — According  to  Gorhardt,  this  is  the  most  remarkable  of  all  the 
naphthalic  chlorides  for  the  size  and  beauty  of  its  ciystals.  It  may  be  prepared  by 
acting  with  chlorine  upon  tetrachloride  of  naphthalene,  but  the  process  is  very  difficult. 
A more  advantngeiius  plan  is  to  heat  the  crude  dichloride  with  chlorine  gas.  This  is 
the  fluid  portion  which  has  been  directed  to  be  rendered  more  liquid  by  ether  in  order 
to  separate  it  more  readily  from  the  solid  tetrachloride  of  naphthalene  in  the  process 
for  the  preparation  of  the  modification  a of  that  substance  (p.  8).  The  ether  is  ex- 
t^elled  by  heat,  and  chlorine  passed  through  the  oil  for  two  or  three  days.  If  the  fluid 
necomes  too  thick  to  allow  of  tlie  passage  of  the  gns,  it  must  be  gently  warmed.  A little 
ether  is  then  added  to  render  the  whole  more  fluid,  and  it  is  left  at  rest  in  a cool  place. 
A crystalline  deposit  is  then  formed  perfectly  resembling  the  modification  aof  tetrachlo- 
ride of  naphthalene  (Oerbardt’s  bichloride  of  naphthalene,  C‘*H*.C1*).  The  oily  por- 
tion is  removed  by  decantation,  and  the  deposit  thrown  on  a filter  and  washed  with  a 
little  ether  to  remove  the  oily  portion  which  adheres  to  it.  The  solid  is  then  dissolved 
in  boiling  ether  and  put  aside  for  several  days  in  a flask  with  a wide  mouth  merely 
closed  with  a piece  of  paper.  The  crystals  which  form  are  sometimes  a mixture  of 
modification  a of  tetracluoride  of  naphthalene  and  the  tetrachloride  of  chloronaphtha- 
lene.  The  crystals  of  the  latter  are  easy  to  recognise  by  their  size  ; they  must  be  picked 
out  with  forceps  and  redissolved  in  the  ethereal  mother-liquid.  They  may  be  rendered 
perfectly  pure  by  one  or  two  recrystallisalions  from  ether. 

PropirtUe. — Colourless,  transparent,  inodorous,  insoluble  in  water,  little  soluble  in 
alcohol,  pretty  soluble  in  ether,  more  so  than  the  modification  a of  tetracliloride  of 
naphthalene.  Helts  at  106®,  and  the  liquid  may  be  cooled  to  54®  without  solidifying  ; 
it  then  slowly  assumes  the  form  of  no<luUts  formed  of  concentric  zones;  the  lost  portions 
remain  viscid  until  they  fall  to  the  ordinary  temperature.  But  if  after  heating  to  105® 
or  1 10®  a small  fragment  of  a crystal  be  added,  tho  liquid  crystallises  rapidly  at  105®, 
forming  fine  oblique  tables  with  a rhombic  base. 

It  is  entirely  decomposed  by  distillation,  hydrochloric  acid  being  disengaged,  and 
the  two  modifications  a and  d of  terchloronaphthalene  formed. — filing  nitric  acid 
converts  it  into  cbloroxynaphtbalic,  phthalic,  and  oxalic  acids,  with  other  products. 

Liquid  modification. — Tois  compound  is  the  oily  substance  which  has  been  directed 
to  b«f  removed  by  decantation  from  the  solid  modification  above  described.  Distillation 
converts  it  almost  entirely  into  the  a modification  of  trichlororonaphthalene  mixe<l 
with  a small  quantity  of  an  oily  matter.— Alcoholic  potash  produces  the  same  results. 

Tetrachloride  of  Dichloronaphthalene,  C’*H*C1*.C1*.  Laurent’s  Perchkm>- 
naphihaleee. — Thb<  substance  exists  in  three  modifications,  c,  a,  and  x ; they  are  pro- 
du  -d  from  the  corresponding  modifications  of  dichloronaphthalene. 

Modification  c.  To  prepare  this  substance,  the  modification  c of  dichloronaphthalene 
is  kept  in  fusion  and  treated  with  chlorine ; no  hydrodiloric  acid  is  evolved.  The  pro- 
duct is  to  be  washed  with  ether,  dissolved  in  boiling  ether,  and  crystallised.  It  is 
colourless,  inodorous,  not  very  soluble  in  ether,  and  less  so  in  alcohol ; meltss  at  141®. 
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Tho  crystals  obtainiHl  by  spontaneous  evaporaMon  of  an  ethereal  solutton  form  bnlltaut 
oblique  rhombic  pri.sms.  It  is  dooomf'OWMl  by  distillation,  yielding  hydrochloric  acj<i 
and  the  b modification  of  tctrachloronaphthalme  mixed  with  a small  portion  of  tlie  a 
modification  of  tho  same  substance.  Alcoholic  potash  gives  rise  to  the  k modification. 

Mtulijication  a.  An  oily  liquid  obtaineil  by  treating  dichloronapbthalone  a with 
chlorine.  Distillation  and  the  action  of  a boiling  solution  of  alcoholic  potash  equally 
give  rise  to  tetrachloronaphthalenc  a. 

Modification  x.  An  oily  liquid  produced  hj  treating  dichloronanbthalene  x with 
chlorine.  Distillation  converts  it  into  tetraclUoronaphthnlene  r.  Alcoholic  potash  gives 
a similar  product. 

Tetrachloride  of  Dihromonaphthalene^  C'*H*Br*.Cl*.  Laurent's  Chloride  of 
Bnmaphtheae.  When  chlorine  is  passed  into  fused  dibromonaphthalene,  a very  thick  oil 
is  formed,  which  on  dilution  with  ether  dep<.>»its  tho  sul>stance  sought  in  the  form  of  a 
crystalline  powder.  It  is  colourless,  only  slightly  soluble  in  alcohol  or  ether.  Melts 
at  aV»out  165®,  and  on  solidifjfing  crjstallises  in  prisms.  On  distillation  it  gives  off 
bromine,  a hydracid,  broraotrichioronaphthalene  $,  and  tetrucbloronnpbthaleno  a. — 
Alcoholic  potash  transforms  it  into  a substance  crystallising  in  needles  and  soluble  in 
ether. 

Tetrahromide  of  Dichloronaphthalenet  C'^HH^^l’.Br*.  Bromide  of 

Chloronaphthaee. — Prepared  by  the  action  of  bromine  on  an  excess  of  dichloronaphtha- 
Icnec.  Colourless,  very  slightly  soluble  in  ether.  Melts  a little  nlx)re  100®,  turning 
red  and  evolving  bromine.  When  it  is  heated  until  no  more  bromine  bo  evolved,  tho 
modification  c of  dichloronaphthalene  is  regenented. 

Teirabromide  of  Bromochloronaphthaleney  C'®fl*BrCLBr\  I^aurent’s 
Bromide  of  CMorobronaphthaee.  P^epa^‘d  by  tn*ating  chloronaplithalene  with  bromine. 
An  active  cffervescenco  ensues,  due  to  tlio  disengHgemeot  of  hydrobromic  acid.  If 
the  bromine  is  in  excess,  crystals  of  the  teirabromide  are  formed  on  re|>o»e.  It  is 
purified  by  solution  in  a large  excess  of  boiling  other.  On  cooling  it  is  deposited 
in  very  small  lustrous  prisms.  Before  melting  it  b<*comes  r»*d  and  gives  off  bromine 
and  hydrobromic  acid.  An  oil  remains  behind  which,  like  tricldoronaphthalene.  solkli- 
fies  on  cooling  in  rectangular  figures  crossed  by  two  diagonals  bristling  with  needles 
pumllel  to  each  other. 

Tetrabroviide  of  Dibromonaphthalene^  C‘*II‘Br*.Br*.— Gerhardt’s  Bihromide 
of  BibromonaphthalcTie.-^VTopeiTC^  by  pouring  bromine  over  naphthalene  or  dibromo* 
naphthalene.  It  is  usually  deposited  after  a few  hours  as  a white  crystalline  powder 
which  may  be  purified  by  washing  with  ether.  It  is  but  slightly  soluble  in  \x>iling 
ether,  from  which  however  it  is  deposited  on  cooling  in  microscopic  rhombic  tables. 
By  distillation  it  yields  hydrobromic  acid,  bromine,  and  tetrabromonaphthalene, 
wnich  condenses  in  the  neck  of  the  retort. — It  is  decomposed  with  difficulty  by  boiling 
alcoholic  potash. 

Tetrachloride  of  Dibromochloronaphthalene^  C**H‘Br*Cl.Cl*. — Produced 
by  the  action  of  chlorine  on  tetrachloride  of  dibromonaphthalene.  Melts  at  160®,  and 
on  cooling  crystallises  in  rhomboidal  tables.  If  heate<l  a little  above  its  melting 
point,  it  remains  soft  and  transparent  on  cooling,  and  only  partially  solidifit^,  forming 
an  op.iqu0  mass  without  any  crystalline  appearance ; if  then  gently  heated,  it  crystal- 
lises in  rhombic  tablets.  It  is  only  sparingly  soluble  in  ether. 

It  decomposes  ou  distillation,  yielding  bromine,  a hydracid,  and  tliree  otlier  sub- 
stances, namely  Laurent’s  bromochloronaphthalene  B,  a chloride  or  chlorobromido 
fusible  at  100®,  and  a small  quantity  of  a substance  which  crystallises  in  small  opaque 
nmlles. — A boiling  solution  of  alcoholic  potash  converts  it  into  tho  a moditicnlion 
of  dibromotrichloronaphthalene,  C'*fl*Br*Cl*. 

Tetrahromide  of  Tribromonaphthalene^  C••H*Br•.B^^ — To  prepare  it, 
dibromonaphthalene  is  to  be  heated  with  bromine,  and  the  action  finishe<l  in  sunshine. 
It  may  be  purified  by  crystallisation  from  ether.  It  is  but  slightly  soluble  in  ether. 
Its  other  properties  do  not  appear  to  have  been  studied.  By  distillation  it  yields 
bromine  and  a substance  not  yet  examined. 

CA/aro-  and  Bromonaphthalcncs. 

Chloronaphthalene,  C‘*H^CL  Laurent'e  Chloronapkthalaee. — Prepaid  byljoiling 
dichloride  of  naphthalene  with  alcoholic  potash.  On  adding  water  to  the  prtnluct  (»t 
the  reaction,  an  oil  sepiirates  which  may  be  purified  by  distillation.  It  may  also  be 
prepared,  but  not  advantageously,  by  distilling  diciiloride  of  naphthalene. 

It  is  oily,  colourless,  soluble  in  all  proportions  in  ether;  distils  without  change;  is 
not  attacked  by  potash. 

Decomposed  by  bromine  with  effervescence,  yielding  hydrobromic  acid  and  tetrabro 
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raido  of  bromochloronaphthalenc,  C**H*BrCl.Br*.  Chlorine  convrrta  it  into  a poculiar 
oil  whitrh  yields  the  a modification  of  trichloronaphthaleQe  when  treated  with  potash. 
Chlorine  with  aid  of  beat  converts  chloronaphthalene  into  tri«  or  tetrachloronaphthalene. 

Bromonapht halene,  C'*U^Br.— Prepared  by  the  action  of  bromine  on  naphtha* 
lenc,  avoiding  excess,  which  would  cause  the  formation  of  dibromonaplitlmlene.  It  is  a 
colourless  oil  which  distils  without  alteration.  Unaltered  by  an  alcoholic  solution  of 

e)tash.  Cblorinecombines  with  it,  yielding  dichloride  of  bromonapbthalene,  C*®H’Br.Cl*. 
romine  converts  it  into  dibromonaphlh^ene  and  other  brominated  products. 
Dickloronaphihalene,  C'*H*C1*. — This  substance  exists,  according  to  Lanrent,  in 
Seven  dififerent  modifications,  namely  a,  c,  ad,  v, /,  x,  and  y.  [The  letters  adopted  as 
distinctive  marks  by  Laurent  have  reference  to  certain  properties  which  the  substances 
bearing  them  have  in  common ; thus  the  bodies  marked  a are  always  soft ; the  only  one 
martced  b happens  to  be  brittle  (cussanf) ; those  marked  c are  always  in  needli'S  of 
113^  or  thereabouts ; those  marked  e are  in  needles  of  04^,  and  so  on.  The  reason 
for  the  adoption  of  these  special  letters  does  not  seem  to  have  been  made  public.] 
The  modifications  a,  c,f,  and  x,  are  obtained  by  distilling  the  alpha  modification  of 
tetrachloride  of  naphthalene;  ad  and  e by  treating  the  tetrachloride  with  potash  ; and 
another  y by  submitting  dinitronaphthalone  to  the  action  of  chlorine. 

The  following  table  exhibits  the  principal  properties  of  these  substances. 


Distinctive  Characters  of  the  Dickloronaphthalcnes, 


a. 

e. 

ad. 

e» 

/ 

M. 

Fobm. 

Liquid. 

Necdlei 
112°  W. 

Needles 

122°. 

Needles 

04°. 

Table* 

1030. 

Liquid. 

Sublimed 

laminv. 

Hxcting- 

l^INT. 

80° 

28°  to  80° 

81. 

101° 

95° 

Pboocct 

with 

CBLMltlfS. 

Oily  tetri, 
cliinride  of 
dichloro* 
naphthteleoc 
which  tt 
converted 
by  poUtb 
into  tetra- 
chloroniph* 
tbilene  a. 

Solid 
tetrachlo- 
ride of  di* 
chloronaph- 
thalene. 

DIcbloro- 

iiaphthalaoe 

ac. 

Laminar  of 
cblonaph- 
tone. 

Liquid  te- 
trnchloride 
nf  dichloro- 
naphthalene, 
which  U 
converted  by 
potaih  into 
itetrachloro. 
naphthalene 
f. 

Pioneer 

with 

Bioiioi. 

Tetrabro- 
mide  of 
dichloro- 
fiapbtbaleoe 

BromodU 
chloronaph- 
Ihalene  a. 

OichlorodU 
bromonapb' 
tbalene  b. 

A liquid. 

Dibromonaphthalene,  — Prepared  by  the  action  of  bromine  on  naphtha* 

lenc  or  bromonaphtholcnc  ; it  may  be  purified  by  crystallisation  from  alcohol.  Long 
needles,  inodorous,  very  soluble  in  alcohol  and  in  ether.  Melts  at  69°,  and  crystallises 
on  cooling  into  a fibrous  mass.  It  is  volatile  without  decomposition,  and  is  not  attacked 
by  potash.  Bromine  acts  on  it,  giving  rise  to  several  compounds. — Fuming  sulphuric 
acid  forms  dibromosnlphonaphth^c  acid. 

Trichloronaphthalene,  — According  to  Laurent,  there  are  no  fewer 

than  seven  isomeric  modifications  of  this  substance.  It  will  be  quite  uunecessary  to 
do  more  than  quote  the  table  on  page  12,  giving  their  principal  properties. 

Tribromonaphthalens,  C“H*Br*. — Obtained  by  heating  an  excess  of  bromine 
with  dibromonaphthalene.  Fine  yellow  needles.  MelU  at  60°,  and  sometimes  do^^s 
not  solidify  untu  cooled  to  the  temperature  of  the  air. 

Bromodichloronaphthalene,  C*H*BrCl*. — Several  grammes  of  the  modifi- 
cation ad  of  dichloronaphthalene  are  to  be  mixed  in  a flask  imperfectly  closed, 
with  a slight  excess  of  bromine.  Hydrobromic  add  is  evolved,  which,  with  the 
excess  of  bromine,  may  be  removed  by  washing  with  a few  drops  of  alcohol  and  a 
little  ammonia.  The  residue  is  to  be  dissolved  in  boiling  alcohol.  On  cooling,  the 
bromodicblorouaphthalenc  deposits  in  fine  needles.  The  unattacked  dichloronaphtha* 
lene  remains  in  alcoholic  solution. 

This  substance  is  colourless,  tolerably  soluble  in  alcohol,  very  soluble  in  other ; an<l  of 
the  coDsifitence  of  wax.  Crystallises  by  spontaneous  evaporation  of  its  ethereal  solution 
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Distincih'e  ch/irartfrs  of  tht  srtv^  varitties  of  Trichloronaphthalcne. 


a. 

ac. 

c. 

i- 

d. 

ad. 

ae. 

Foiu. 

SIx.iUmI 
prlimi  of 
120°. 

Sixiided 
prlimi, 
rhombui  of 
U3®. 

Lons 
needWs, 
rbonilui*  of 
113^. 

Pri«nii  ter- 
mtoAted  t>y 
needle*, 
rhombut  of 

L'keg 
rhombui  of 
1*4®. 

Silky 
needles, 
rhombus  of 
122®. 

Needles  of 
which  the 
section  it  a 
hexagon 
derlredlVoni 
a rhombus 
of  122®. 

Hardmess. 

.Soft. 

Soft. 

KUUic, 

brittle. 

UneUttic, 

brittle. 

LIk.  f. 

Soft. 

Mbltiku- 

PuiNr. 

1!P 

ec° 

78®  to  80® 

G9®  10  70® 

f»oio90® 

160® 

93® 

Statr 

After 

Forion. 

Soft  reel- 

AnguUr 

graiut. 

Same  Ai  a. 

TrAn»p«rrni 
rotrtte*  be- 
coming 

■loMly 
opaque  by 
repoie. 

Tran*- 

paient 
roietteA  be- 
coming 
kuddeiuy 
opaque  on 
contact  nith 
a foreign 
•uba  lance. 

Needle* 
fnoir4 
(raniparent 
becoming 
opaque  on 
repoie. 

Transparent 
rosettes  be- 
coming 
opaqtie  on 
repose. 

Soft  rect- 
angular 
parallelo- 
grams be- 
coming 
harder  after 
a lime. 

Ethbr. 

Estremelf 

Aolulile. 

Very 

•olubic. 

Soluble. 

Soluble. 

Soluble. 

Slightly 

soluble. 

Less  toltihle 
than  a. 

Alcohol. 

Soluble. 

Soluble. 

Slightly 

soluble. 

More  solu- 
ble than  a. 

in  bix-sidod  needles  with  angles  between  120*^  and  121^.  Melts  about  80*^.  Distils 
without  decomposition. 

T^trachloronaphthatene,  exists  in  four  different  modifications. 


Diitinctive  characUr$  of  the  Tetrachloronaphtkalenee, 


A. 

€. 

k. 

Elasticitt. 

Soft. 

Biittle. 

Flexible. 

Flexible. 

Form. 

Six-sided  prisms 
of  120®. 

Oblique  prisms 
with  oblique 
base  of  103®, 

101®,  100®. 

Long  needles, 
rhombasofdA®. 

Flat  needles, 
rhombus  of 
100®. 

Mkltino-poiht. 

IOC® 

125° 

1700 

125®. 

Crystallisa- 
tion after 

f CSION. 

Microscopic 

rosettes. 

Needles. 

Needles. 

Rosettes. 

Ethrr. 

Very  soluble. 

Very  slightly 
soluble. 

Very  slightly 
soluble. 

Very  stishtly 
soluble. 

Naphtha. 

Very  weak 
boiling  solution 
becomes  filled 
with  long 
needles. 

Very  weak 
sofutlon 
deposits  sronlt 
needles  grouped 
in  ma«aet  w hich 
only  fill  a small 
portion  of  the 
liquid. 

Bromotrichloronaphthalene,  C>*H<BrCl*,  exists  in  three  different  modifica- 
tions, a,  7. 

Modi/icathn  o is  prepared  by  the  action  of  bromine  on  the  modification  a of  trichlo- 
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romiphthalene.  It  forms  colourless  eix-sided  pri-sms  with  angles  = 1 17^  30',  and  two 
-«  125®.  Soft  like  wax.  After  fusion  it  crystallises  in  microscopic  rosettes  between 
105®  and  106®.  Volatile  without  decomposition. 

Modification  is  prepared  by  the  action  of  bromine  on  dichloronaphthalene.  It  is 
like  the  a modification  of  tetrachloronapbthalene,  except  that  the  crystals  are  better 
defined.  Crystallises  in  six-sided  prisms,  with  four  angles  120®  30'  and  two  » 119®. 
It  is  of  the  consistence  of  wax,  and  after  fusion  solidifies  at  about  lOU®  in  microscopic 
rosettes. 

^fodificat^on  y is  prepared  by  distUlalion  of  tetrachloride  of  dibromonaphthalene, 
C**H*Bri.Cl*.  During  the  operation  bromine  and  the  yapours  of  hydrobromic  and 
hydrochloric  acids  are  disengaged.  The  receiver  contains  a mixture  of  trichloro- 
naphthalene  (modification  a)  and  the  y modification  of  bromotrichloronuphthalcne. 
The  first  may  be  removed  by  solution  in  ether,  a white  powder  then  remaining  which 
on  treatment  with  a large  quantity  of  boiling  ether,  dissolves,  and  separates  on  sponta- 
neous evaporation,  in  small  brilliant  prisms. 

Oblique  prisms  with  oblique  bases,  the  angles  of  the  sides  being  102®  30',  and  the 
inclinatioD  of  the  base  to  the  sides  being  101®  and  103°.  Very  slightly  soluble  in  ether 
and  in  boiling  alcohol.  Volatile  without  decomposition. 

Dibromo  dichloronaphthalene,  C‘*H*BriCl*.— There  are,  according  to  Laurent, 
two  isomeric  modifications,  a and  3. 

Modification  a. — Prepared  b)r  treating  the  variety  f of  dichloronaphthalene  with 
bromine.  Hydrobromic  acid  U then  disengaged,  and  in  a few  minutes  the  fluid 
solidifies  in  needles,  which  are  to  be  washed  with  cold  ether  and  dissolved  in  a 
very  small  quantity  of  hot  ether.  By  slow  evaporation  the  substance  is  deposited  in 
sm^l  but  brilliant  doubly  oblique  prisms,  having  the  angles  of  the  faces  » 101®  30' 
to  102®  60'  and  101®  15'.  It  melts  at  170®,  and  crystallises  on  cooling  in  flat 
needles. 

Modification  0. — Prepared  by  treating  dibromonaphthalene  with  chlorine.  Donbly 
oblique  prisms,  melting  at  166®  and  distilling  without  alteration.  Solidifies  on  cooling 
into  a fibrous  mass.  Very  slightly  soluble  in  ether  or  boiling  alcohol. 

Tetrabromonaphthalene,  C‘*H*Br*,  appears  to  exist  in  two  iHomeric  modifica- 
tions. \STien  tetrabromide  of  dibromonaphthalene  is  distilled,  hydrobromic  acid  and 
bromine  are  disengaged,  and  a white  matter  distib,  which  contains  two  substances. 
To  separate  them,  they  are  first  washed  with  ether  and  tbeu  introduced  with 
more  ether  into  a strong  glass  tube,  which,  after  being  closed  at  the  lamp,  is  to  l>e 
heated  to  100®  in  a water-bath.  On  cooling,  the  tube  is  to  bo  o[>enea  and  the 
substances  removed.  One  crystallises  in  short  brilliant  prisms,  and  the  other  in  very 
fine  needles.  They  may  easily  be  separated  mechanically. 

Tetrabromonaphthalene  ciystalliscs  in  oblique  prisms  with  oblique  base,  in  all 
respects  resembling  those  of  the  5 modification  of  tctrachloronaphthalene.  tkiluble  in 
alcohol  and  ether.  They  distil  without  alteration  and  resist  tlie  action  of  potash. 
Tlic  needles  are  probably  tetrabromonaphthalene  a ; they  are  elastic,  brittle,  and  very 
slightly  soluble  in  ether. 

Dibromotrichloronaphihalene,  C'*n’Br^Cl*. — This  substance  also  exists  in 
two  isomeric  modifications. 

Modification  a may  be  prepared  by  boiling  tetrachloride  of  dibromooloronarhtbaleno 
fC**H*Br*CLCl‘)  with  alcoholic  potash.  A white  powder  is  obtained  which  may  be 
mssolved  in  a very  large  quantity  of  boiling  ether  or  benzene.  The  crystals  can  be 
obtained  by  spKintaneous  evaporation.  Brilliant  prisms  belonging  to  the  triclinic 
system.  After  fusion  it  crystallises  at  166®  in  long  prisms.  VolatiTo  without  decom- 
position. Unacted  on  by  potash. 

Modification  0,  prepared  by  the  action  of  bromine  on  tetrachloride  of  naphthalene 
in  sunshine,  is  a white  powder  almost  insoluble  in  etiier,  fusible,  and  crystallisiug  on 
cooling  in  rectangular  parallelograms  crossed  by  two  diagonals. 

Hexchloronaphthalene,  C**H’C1",  is  prepared  by  the  prolonged  action  of 
chlorine,  aided  by  heat,  on  the  alpha  modification  of  trichloronaphthaleiie.  If  the 
product  contains  perchlorouaphthalene,  it  may  bo  purified  by  means  of  ether,  in  which 
the  Utter  substance  is  comparatively  insoluble. 

Six-sided  prisms  with  angles  of  12u®.  Of  the  consistence  of  wax,  and  may  bo  bent 
without  difiSculty.  Dissolves  in  about  20  limes  its  weight  of  ether.  Scarcely  soluble 
in  alcohol,  but  very  soluble  in  benzene.  After  fusion  it  solidifies  at  HS''  in  microscopic 
rosettes.  Volatile  without  decomposition,  and,  like  its  congeners,  unattacked  by 
pot.ash.  Even  sulphuric  acid  dissolves  only  a very  small  quantity.  It  is  with 
uifticulty  attacked  by  boiling  nitric  acid,  which  however  finally  transforms  it  into  per- 
chloroxinaphtbyl,  C**C1*0*. 

Perchloronaphthalene,  C**C1*. — Prepared,  like  the  last  substance,  by  the  pro- 


Digitized  by  Coogle 


14 


NAPHTHALENE. 


longed  action  of  chlorine  on  alpha-trichloronaphthnlene  kept  tn  iViaion.  The  hex* 
chloronapbtbaleno  may  be  remorod  by  ether  and  the  pcrchtoronaphtbalenc  may  be 
obtained  from  the  residue  by  boiling  it  in  benzene  or  petroleum. 

Pale  yellow  needlcK,  or  very  brittle,  four-sided  prisms,  of  which  the  angles  are  112®  30', 
and  67®  30^.  Very  slightly  soluble  in  ether,  even  on  boiling.  Volatile  without 
decomposition  and  unattacked  by  potash. 

In  addition  to  the  above  chlorine  and  bromine  compounds,  Laurent  has  described  a 
number  of  substunces  containing  fraction.ol  parts  of  atoms  of  chlorine,  bromine,  and 
hydrogen.  Many  of  these  substanccK  appear  to  be  mixtures,  but  others  hare  re.«isted 
nil  efforts  to  separate  them  into  bodies  having  more  satisfactory  formulie.  It  is 
bowerer  observable  that  the  substances  my^  be  traced  to  the  parent  hydrocarbon  by 
adding  the  fractional  atoms  together;  thus  Laurent’s  bromide  of  hronapnthinr  is  ropre- 
senb'd  by  the  formula  C'*H***Br^'*Hr*.  Now  since  5 5 + 2*5  — 8,  the  hydrogen  is 
all  accounted  for,  and  the  substance  would  appear  to  be  tetrabromide  of  naphihalene, 
in  which  2 6 atoms  of  hydrogen  are  replaced  by  2*5  atoms  of  bromine.  It  will  not  be 
nwessary  to  do  more  than  give  the  following  list  of  substances  described  by  Laurent 
containing  fractional  formulae.  The  names  are  those  of  Laurent. 


Bronaphthiue 
Bromide  of  bronapbtbine 
Chloride  of  chloronaphtane  . 
Chlorophtone  F . 
ChlonaphthaUne  A 
Chlorcbronaphtine 
Bromide  of  chlurobronaphtine 
Chlorenbronaphtone  B 
Bromcncblonaphtose  A 
Bromanchlonaphtone  A 
Bromochlonaphtune  B 


C"H*»Br*‘*.Br< 

CioH<»Cl»-* 

C'*H*^H** 

Ci#H»-^Br-*Cl* 

C«*H*-*Br‘*CP 

C'*U'Br*-»Cl*-» 

C»«H«**Br‘CP 

C“'BrCP**H>** 


Laurent’s  vowel  system  of  nomenclature  can  only  bo  applied  with  difficulty  to  such 
combinations  as  the  above. 

Chloronapkthalie  acid,  C'®II*C10*.  When  tetrachloride  of  chloronaphthaleno 
is  boilod  with  nitric  acid,  and  other  poured  on  the  oily  product,  chloride  of  chloroxy- 
naphthalene  is  precipitated,  and  may  then  be  boiled  with  alcoholic  potash  in  which  it 
is  completely  soluble.  On  diluting  with  a small  quantity  of  water  and  neutralising 
with  an  acid,  cliloronaphthalie  acid  crystallisca  out  on  cooling  (Laurent).  Accortl- 
ing  to  Wolff  and  Strecker,  this  process,  instead  of  yielding  the  ordinary  yellow  barium- 
salt,  sometimes  gives  a purple-red  salt,  possibly  of  a more  highly  chlorinated  chloro- 
napiithalic  acid. 

The  acid  forms  long,  yellow,  transparent  nci'dles,  unaffected  by  exposure  to  the  air. 
Melts  about  200®,  and  on  cooling  crystallises  in  laminae.  Distils  without  decomposition. 
Has  the  same  formula  as  cbloroalizarin. — Nitric  acid  converts  it  into  phthalic  and 
oxalic  acids. — It  is  not  reduced  to  alizarinby  potassium-amalgam  or  by  tho  voltaic  balteiy. 

Chloronaphthahte  of  ammonium  forms  radiated  crimson  needles.  Tlje  poiaxsiuin-galt 
forms  carmine  coloured  needles,  containing  when  dried  at  100®,  18’07  percent  K*0.  The 
barium-salt,  C**H*ClBaO*,  prepared  by  precipitating  a solution  of  the  ammonium-salt 
with  chloride  of  barium,  ciystallises  in  orange-coloured  silky  ne<*dles.  Tho  strontium- 
salt  forms  orange-yellow  needles;  the  calcium-salt,  orange-coloured  needles.  Tho 
alumimum-salt  is  an  orange-coloured  precipitate ; the  cadinium-salt  Is  a vcrmillion- 
coloured  precipitate  wliich  under  the  microscope  appears  in  cruciform  crystals;  the 
cobalt'salt,  a crimson  precipitate  becoming  brown  on  drying,  vermillion-coloured 
under  the  burnisher.  The  copper-salt  is  a crystalline  crimson-coloured  precipi- 
tate; the  /cm'c  and  ferrom  salts  are  brown  precipitates;  the  lead-salt  a gohitinnus 
orange-r(*d  precipitate;  tho  sr/tvr-sn/i  a gelatinous  blood-re<l  precipitate.  When  pre- 
pared with  heat,  it  forms  a carmine-coloured  cryshilline  precipitate.  Mcrcury-salts.  \Viih 
solution  of  corrosive  sublimate,  a solution  of  chloronuphthalate  of  ammonium  gives  a 
reddish-brown  precipitate. 

Chlorouaphthalic  acid  almost  riruU  turmeric  and  litmus  in  its  sensibility  to  tho 
presence  of  alkalis.  Paper  stained  with  an  alcoholic  solution  (very  dilute),  if  exposed  to 
ammoniacal  vapours,  instantly  assumes  a more  or  less  deep  r^  colour. 


Hitro-compounds  of  Kaphthalaie. 

^litronaphthalene,  C'*H’NO*  Preparation. — By  far  the  most  convenient  method 
of  preparing  nitronaphtbaleno  is  to  expose  naphthalene  to  tlie  prolonged  action  of  cold 
nitric  acid  of  moderate  strength.  For  this  pur^x^s^^  the  hydrocarbon  in  small  pieces  or 
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riTstalfl  is  to  bo  plaood  on  the  surface  of  nitric  aei  J,  of  specific  grarity  1 *83.  Large  shal- 
low eraporating  basins  are  the  most  suitable  ressels  fur  the  purpose,  pts.  nitric 
acid  irill  suffice  to  conrert  1 pu  of  naphthalene.  After  exposure  for  some  time,  it  vill 
be  found  that  the  naphthalene  has  fused  into  a cake.  It  roaT  then  be  cut  with  a piece 
of  sheet  glass  or  a platinum  knife  into  small  pieces  which,  after  draining  on  a funnel, 
ma^  be  broken  up  in  a mortar  and  returned  to  the  acid.  This  is  to  be  re{>eated  as  often 
as  the  mass  becomes  caked,  about  a week  being  required  to  complete  the  process.  No  red 
vapours  of  any  consequence  are  evolved,  and  there  arc  no  secondary  products  formed. 
When  the  action  is  completed,  the  product  is  to  be  broken  small  ao^  drained  on  a fun- 
nel until  no  more  acid  liquor  falls.  It  may  then  be  washed  with  cold  water.  The  final 
purification  may  be  eflTected  by  one  or  two  crystallisations  from  boiling  methylated  spirit. 
By  this  process  even  hundredweights  may  be  prcpare<l  with  the  greatest  eiise. 

iVi>prrfi>s.— Pale  yellow  prismatic  needles  derived  from  prisms  of  100°  and  80®,  the 
acute  angles  being  truncated  Melts  at  43°,  the  tem|>erature  rising  to  64®  at  the  mo- 
ment of  solidification.  V'olatilises  almost  without  decomposition,  if  carefully  heated. 
If  the  heat  be  applied  rapidly,  it  decomjwses  with  ignition  and  deposition  of  carbon. 

I)^i>mvoiili<ytks. — 1.  Firrous  aedaU  re< luces  it  to  naphtliylamine,  as  also  does  sul- 
j>kid€  Of  ammonium  (see  NArHTHYi..tMiNB). — 2.  Sulphite  of  ammonium  converts  it 
into  naphthionic  and  thionaphthamic  acids. — 3.  Heated  with  7 or  8 times  its  weight  of 
hydrate  of  calcium  or  barium^  it  yields  Laurent’s  naphtase. — 4.  Chlorine  aided  by  heat 
converts  it  into  an  oil  which,  when  treated  with  potash,  yields  the  a modification  of  tri- 
chloronaphthalene,  or  sometimes  tetrachloronaphthalene. — 6.  Bromine  aided  by  hent 
yields  hydrobromic  acid  and  dibromonaphtbaleue. — 0.  Fuming  sulphuric  acid  cowvuTifk 
It  into  nitrosulphonaphthalic  acid. — 7-  Heated  in  a water-lvitli  with  a part  of  2 pts. 
hydrate  potasMium  and  1 pt.  ftosh  hydrate  of  calcium^  as  little  water  as  possible  being 
used,  it  decomposes  completely,  yielding  the  potassium-salt  of  uitrophthalic  at’id.— 
8.  When  it  is  heated  in  a retort  with  hydrate  of  potassium  and  slaked  lime  to  a tempe- 
rature of  140°,  and  oxygen  passed  over  it,  the  gas  is  slowly  absorbed  and  the  mixture 
becomes  yellow.  The  operation  takes  ten  or  twelve  liours,  at  the  end  of  wliich  time 
the  oxidation  of  the  nitronaphthalene  is  almost  complete.  The  alkalis  have  then 
entered  into  union  with  a substance  which  Dusart  calls  nitroxynaphthalic  acid.  (Seo 
Nitboxtxaphthahc  Acid.) 

Dinitronaphthalene^  — Naphthalene  or  nitronaphthalene  may  bo 

converted  into  this  compound  by  long  boiling  with  nitric  acid.  The  operation  is  to 
l>e  continued  until  the  oily  layer  solidifies  entirely  on  cooling,  the  nrotluct  bring 
washed  on  a glass  funnel  with  water,  and  crystallised  from  alcohol.  It  forms  very 
small  needles  which  cr3’staUise  from  a solution  in  nitric  acid  in  rhombic  pri-nnis  of  67° 
and  113®.  Melts  at  186®,  and  maybe  sublimed  in  small  needles.  Wnm  suddenly 
hi-ated,  it  decomposes  violently,  wilG  ignition  and  deposition  of  carbon.  By  prolonged 
boiling  it  is  converted  into  trinitronaphthnlene.  Cmori/jc  produces  di-  and  trichloro- 
naphthaleiie.  Sulphide  of  cf»nverts  it  into  scminaphibylamine.  A feebly 

animoniacal  boiling  solution  is  reduced  by  sulphide  of  hydmgen  to  ninnphthylaniino 
(Wood).  Its  alcoholic  solution  is  converted  into  nitrosonaphthylin  in  contact  with 
zinc  and  hydrochloric  acid.  (Perkin  and  Church.) 

TrinitronaphthalenCj  — This  compound  exists  in  three  fonns,  a,  3 

and  7. 

Modification  a. — When  naphthalene  is  boiled  for  a day  or  two  with  strong  nitric  acid, 
colourlera  crystals  are  fornKHl  which  are  a mixture  of  dinitronaphthalene  uiul  irinitro- 
D.nphthalene,  a and  A Tlic  dinitronaphthaleue  and  a eiibstiince  cuIUhI  by  Laurent  nitro- 
naphthaltise  may  be  removed  by  ether.  The  residue  is  to  bo  boiled  with  only  enough 
ahx)bol  to  dissolve  half  of  it.  By  spontaneous  evaporation  the  trinifronaphihalene  a 
will  be  obtained  mixed  with  needles  which  may  be  removed  by  agitating  the  liquid  and 
pouring  ofiT  the  suspended  cr^’stals. 

Khombic  tablets,  pale  yellow,  inodorous  and  only  very  slightly  soluble  in  boiling 
alcohol.  Volatilft  without  decomposition  when  carefully  heated,  but  decomposing  with 
Tiolenco  when  heated  rapidly.  Melts  at  210°,  and  solidifies  into  a fibrous  ma.ss  on 
cooling. 

Chlorine  first  turns  it  red  and  then  decomposes  it.  Alcoholic  potash  in  solution  evolves 
ammonia,  yielding  a red  solution  from  which  acids  precipitated  brown  or  black  flocks. 

Modification  $. — The  residues  of  the  preparation  of  modification  a are  to  bo  mixinl, 
and  bsjiled  with  nitric  acid  for  5 or  6 days.  On  cooling  needles  are  obtained  which  are 
to  be  washed  first  with  nitric  acid,  then  with  water,  and  finally  with  alcohol.  Tlioy  are 
colourless  at  first,  but  become  yellow  by  exposure;  melt  at  215®;  decompose  with 
ignition  when  heated  in  close  vessels  ; Very  slightly  soluble  in  boiling  ulcuhul  or  ether, 
less  80  in  fact  than  any  other  of  the  nitronaphthalcnes. 

Boiling  alcoholic  potash  turns  the  compound  orangc-rtd  at  first,  then  brown.  Acids 
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predpitAto  from  the  alkaline  eolution  a brown  eubetance.  Boiling  nitric  acid  decom- 
poses it  according  to  Laurent,  which  is  strange,  considering  its  m^e  of  formation. 

Modification  % called  also  Marignadt  Trinitronaphthalene.  This  substance  constitutes 
the  chief  part  of  the  insoluble  residue  remaining  when  dinitronaphtbalene  is  pro- 
jMred  bj  boiling  naphthalene  with  nitric  acid  without  the  aid  of  fuming  sulphuric  acid. 
This  residue  is  to  be  washed  with  water  and  extracted  by  cold  ether  which  dissolves 
the  trinitronaphthalene  7,  and  yields  it  on  evaporation  as  an  adhesive  resinous  mass. 

It  is  pale  yellow,  cirstallises  in  a pulverulent  form  trom  a solution  in  boiling  alcohol. 
Helts  Mow  100^.  Almost  insoluble  in  boiling  ether,  and  only  sparingly  soluble  in 
boiling  alcohol.  When  carefully  heated  it  sublimes,  but  if  the  heat  be  applied  rapidly 
it  decomposes  with  explosion.  Solutions  of  the  caustic  and  carbonated  alkalis  dissolve 
it  with  a fine  red  colour,  the  solution  gradually  becoming  black.  From  the  alkaline 
solution  acids  precipitate  brown  flocks,  having,  according  to  Marignac,  the  formula 

Laurent  has  described  several  other  compounds  derived  from  the  nitronaphthalenes 
by  substitution  of  one  or  more  atoms  of  hydrogen  by  bromine  and  chlorine ; they  are 
not  however  of  any  very  special  interest. 

Sulphuric  derivatives  of  yaphthaUne. 

For  the  numerous  products  of  the  action  of  sulphuric  acid  upon  naphthalono,  soo 
SULPEOlfAPHTlULIO  ACXJ>. 


Products  of  oxidation  of  naphthalene. 

The  following  products  of  oxidation  of  naphthalene  will  be  found  under  their  pro- 
per headings,  NapHTHaLASs,  NapHiuBsic  Acid,  NapnTHULHnc. 

Uses  of  naphthalene. 

The  enormous  quantities  of  naphthalene  which  are  produced  during  the  distillation 
of  coal-tar  are  seldom  or  never  extracted  from  the  ‘pitch  oil.'  Great  efforts  have 
been  made  to  find  a u.ne  for  it,  but  none  have  been  entirely  successful.  Lump  black 
is  sometimes  prepared  by  condensing  the  dense  smoke  which  burning  naphthalene 
evolves. 

A French  surgeon,  M.  Emery,  has  employed  naphthalene  in  the  treatment  of  certain 
skin  diseases.  He  tried  it  on  fourteen  patients  in  the  hospital  of  St.  Louis,  and 
twelve  were  cured.  In  the  two  coses  which  failed  one  was  a woman  30  ye.ars  of  age, 
who  had  been  afflicted  for  eight  years  with  psoriasis  gyrata  ; the  other  was  a young 
man  who  had  suffered  for  eight  years  with  lepra  vulgaris.  The  latter  case  was  cured 
by  a two  months’  course  of  pitch  ointment.  The  mode  in  which  AI.  Emery  applied  the 
naphthalene  was  in  the  form  of  ointment  in  the  strength  of  5ss  to  5i  of  lard.  The  in- 
flammation which  sometimes  supervenes  roust  be  combated  by  poultices. 

Great  eflforts  have  also  been  made  to  produce  fiist  colours  naphthalene,  but  up 
to  the  present  time  the  results  have  not  been  successful.  There  is  no  doubt  whatever 
that  in  a few  years,  perhaps  in  a few  month.s,  the  difficulties  in  the  way  of  utilising 
naphthalene  will  bo  overcome. 

The  action  of  reducing  agents,  such  as  zinc  and  hydrochloric  acid,  upon  dinitronaph- 
thalene  gives  rise  to  nitrosonaphtbylin,  a beautiful  colouring  matter.  The  same  eom- 
twund  also  afffords  colours  when  heated  with  stannous  chloride  and  cyanide  of  potassium. 
The  close  relations  which  appear  to  exist  between  the  formulee  of  alizarin  and  some  of 
the  derivatives  of  naphthalene  have  long  led  to  a hope  of  the  artificial  formation  of 
the  former  substance.  Indeed  M.  Roussin,  by  reducing  dinitronaphtbalene  with  sul- 
phuric acid  and  zinc,  produced  a colouring  matter  which  was  for  some  time  con.si<Irre<i 
to  be  alizarin  ; subsequent  researches  however  showed  that  the  conclusions  which  had 
been  formed  regarding  M.  Koussin’s  substance  were  too  hasty.  In  fact  naphthazarin 
yields  only  sombre  shades,  which  have  not  been  found  of  industrial  importance. 

The  beautiful  substance  obtained  by  Messrs.  Perkin  and  Church  by  acting  upon  a 
8,111  of  naphthylamine  with  nitrite  of  potassium,  and  to  which  they  have  given  tlie  name 
ofazodinaphLhyldiamine(see  Naphtiiylamixe), yields  superb-coloured  derivatives,  some 
of  wliich  can  easily  be  applied  to  tissues ; they  have  not  yet  however  been  successfully 
fixed.  C.  G.  W. 

fTAPHTHAIinr.  1 . , 

f Syn.  With  N aPUTHALKXB. 

IVAPBTHAZtZirS.  > ^ 

XT APHTBAXiO-CTAZrZC  and  WAPBTHAXiO-SnXPBOOTAJ<’ZC  ACZBS. 

Syn.  with  Cyaxatb  and  SuLPiiocraxATB  of  Naphthyl  (p.  19). 

XrAPBTBAKBnrS.  Syn.  with  Oxynaphthylamisb. 
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HAPBTBSAXC  ACXB.  rrr^arti^w».— According  to  Ljiurcnt,  w h*  n 

naphthalene  is  treated  with  acid  chromate  of  potassium,  water,  and  sulphuric  acid, 
a riolent  reaction  takes  place  and  nupbthesic  ucld  (and  sometimes  u rose-colour*  d 
subetnnee,  carminaphthone  is  formed.  The  mas.s,  after  the  reaction  is  over, 

is  to  be  treated  with  water  and  thrown  on  a filter.  The  solution,  after  the  lapse  of  a 
considerable  time  (two  months),  deposits  crystals  of  chrome-alum,  which  in  time  become 
covered  with  white  warty  granules.  The  latter  are  to  be  dissolved  in  alcohol,  and  the 
solution  after  filtration  is  to  be  evaporated,  when  the  naphthesic  acid  will  remain  as  a 
ciystalline  mass. 

Properties. — Rhombic  needles  of  .'iS®  and  122*^.  Melts  below  100°  and  may  be 
soblimed  at  a higher  temperature.  Soluble  in  alcohol,  almost  insoluble  in  water. 

C.  G.  W. 

VAPRTKXOVXC  ACXB.  C'*H»N.SO>.  Sulphonaphthalidamic  add.  (Piria, 
Ann.  Chim.  Phys.  [3]  xxxi.  217;  Gm.  xiv.  110 ; Gerh.  hi.  469.) 

Preparaiinn. — One  part  of  nitronaphthalene,  after  being  washed  with  water  until 
the  uitric  acid  used  in  its  preparation  is  removed,  is  warmed  witli  5 parts  of  alcohol 
until  dissolved ; and  d parts  of  solution  of  sulphite  of  ammonium,  specific  gmvity 
1'24,  are  added.  The  mixture,  if  kept  gently  boiling,  deposits  acid  sulphite  of 
ammoninro,  and  acquires  an  acid  reaction.  Carbonate  of  ammonium  in  powder  is 
then  to  be  added  until  the  acid  reaction  disappear*.  After  boiling  a snort  time 
the  acid  reaction  a^in  becomes  apparent,  ami  must  be  destroyed  as  before.  The 
boiling  U continued  until  no  turbidity  is  observed  on  edding  a drop  of  the  liquid 
to  water.  The  liquid  forms  two  strata,  the  upper  contniuing  tliioiimihthamute  nud 
naphthionate  of  ammonium,  and  the  lower  sulphite  and  sulphate.  The  upper  layer 
is  to  be  separated  and  evaporated  over  a lamp  to  an  oily  consistenc’e  and  then  put 
a.side.  After  some  time  it  becomes  converted  into  a ma.ss  of  orange-yellow  crystals  of 
thionapbthamate  of  ammonium.  The  mother-liquid,  which  contains  the  naphthionate 
of  ammonium,  is  heated  to  100°  and  mixed  with  hydrochloric  acid,  which  precipitates 
the  naphthionic  acid.  It  is  now  to  be  washed  with  water  and  with  aleobol,  until  the  liquids 
come  away  colourless.  The  naphthionate  of  ammonium  is  then  to  bo  convertisi  into 
a calcium  or  sodium-salt,  which  may  be  purified  byrcpeattsl  crystallisations ; and,  when 
it  has  become  coloarle.ss,  it  is  once  more  dissolved  in  water  and  precipitated  by  a 
slight  excess  of  hydrochloric  acid.  The  acid  thus  precipitated  is  washed  with  water 
and  then  with  alcohol.  As  moist  naphthionic  acid  is  easily  altered  by  contact  with 
air,  it  is  necessary  that  tho  water  useu  for  washing  it  be  frc(^  from  air  by  prolongo<l 
ebullition. 

Properties. — As  precipitated  from  a warm  solution,  naphthionic  add  forms  small 
light  colourless  crystals  resembling  asbestos.  It  is  tasteless  and  inodorous  ; reddens 
litmus  paper.  It  is  only  slightly  soluble  in  water,  2000  parts  of  the  latter  dissolving 
only  1 part  at  ordinary  temperatures.  It  is  only  slightly  soluble  in  alcohol.  It 
completely  saturates  alkalis,  but  its  salts  with  heavy  metals  have  an  acid  reaction.  It 
evolves  acetic  acid  from  acetates  even  at  ordinary  temperatures.  The  crystals  are 
rendered  anhydrous  by  a temperature  of  100°. 

Decompositions. — 1.  Heated  on  platinum,  it  bums  and  evolves  sulphurous  acid,  giving 
off  an  inflammable  vapour  having  an  odour  recalling  that  of  bitter  almonds ; it  leaves  a 
lai^e  carbonaceous  residue.— 2.  Moist  naphtliionic  acid  is  decomposed  by  exposure  to 
the  air. — 3.  It  is  not  decomposed  by  boiling  with  concentrated  hydrochloric  neid. 
— 4.  Concentrated  sulphuric  add  dissolves  it  with  the  aid  of  heat  The  solution  is 
transparent  and  colourless;  it  may  be  heated  to  nearly  200°  without  decomposition,  but 
about  220°  it  begins  to  blacken  and  give  off  vapours  of  sulphuric  acid. — 5.  Con- 
centrated solution  of  hydrate  of  sodium  do*»s  not  attack  it. — 6.  Dilute  nitric  add  is 
without  action  on  it,  but  when  concentrated,  especially  if  it  contains  nitrous  add,  it 
converts  it  into  a brown  resin.— 7.  Chlorine  passed  into  a solution  of  a naphthionnto 
turns  it  brown  and  precipitates  a resinous  substance. — 8.  Add  chromate  of  potassium 
aided  by  heat  acts  like  chlorine.  The  presence  of  sulphuric  acid  accelerates  the  decom- 
position. 

Salts  of  Xaphthioxic  Acid. — The  naphthionates  are  all  soluble,  and  crystallise  easily 
from  a solution  in  weak  alcohol.  Solutions  of  naphthionates  are  opalescent,  and  when 
viewed  at  different  angles  transmit  beautiful  red,  blue  and  violet  colours.  Excessively 
weak  solutions  produce  these  effects,  a solution  of  naphthionate  of  sodium  containing  only 
of  salt  being  capable  of  showing  the  phenomenon. 

The  aqueous  solnHons  of  the  naphthionates  of  the  alkali-metals  are  not  precipitated 

acetic  add  even  when  heated  ; but  the  alcoholic  solutions  treate<l  with  acetic  acid 
yield  a small  precipitate  of  naphthionic  acid. — Ferric  chloride  added  to  a solution  of 
naphthionate  of  s^ium,  gives  an  abundant  brick-red  precipitate  which  turns  bn^wn 
when  heated. — Platinic  cnloride  gives  a yellow  precipitate. — yUrate  of  silver  gives  a 
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white  crj’staUiiio  precipitate.  Trichloride  of  gold  turn*  the  solution  of  unphthlonate  of 
soilium  purple,  and  a precipitate  of  mptullic  gold — Mercurir  chloride  affordfi  a 

wliiU*  precipitule.— of  coj>j>cr  turns  t)»e  solution  yellow,  but  gives  no  pre- 
cipitate. 

yaphthionatc  of  Very  s^diible  in  water  and  alcohol ; crjstallises  with 

difRiuIty. 

yaphthionate  (f  Barium. — This  compound  is  best  prepared  by  double  deeomposition 
of  a solution  of  naphthionate  of  sodium  with  chloride  of  barium;  for  tiiis  purpose 
2 parts  of  naphthionate  of  sodium  ami  I part  of  chloride  of  barium  are  to  be  dissolved 
in  10  parts  of  boiling  water.  The  naphthionate  of  barium  crystallises  out  on  cool- 
ing, and  may  be  rendered  perfectly  pure  by  two  recrystallisations  from  boiling 
water. 

Two  different  kinds  of  crystals  of  this  salt  may  be  prepared  by’  regulating  the 
i.emporature  at  which  the  solution  crystallises.  If  a small  quantity  of  liquid  l>e 
employed,  micaceous  laminae  form  in  the  fluid  while  still  warm.  The  crystals  so  formed 
have  a slightly  violet  tint.  If  the  solution,  on  the  other  hand,  i.s  more  dilute, 
it  does  not  begin  to  crystallise  until  after  complete  cooling;  the  salt  then  a.«sunu‘s 
the  form  of  large  transparent  rhombohedral  la^me.  It  is  moderately  soluble  in 
water. 

JSaphthionate  of  Calcium^  C'®II'CaN.S0*.4lI-0. — AVhen  crude  naphthionic  acid  i.s 
boiled  with  milk  of  lime,  the  filtered  solution  eva|X)rHted  over  the  water-bath,  and 
then  left  at  rest,  bulky  reddish  crystals  are  deposited  which  may  be  purified  by  washing 
on  a funnel  with  cold  alcohol,  which  dissolves  resinous  impurities.  The  salt  thus 
partially  purified  is  to  be  dissolved  in  boiling  water,  decolorised  by  animal  charcoal 
and  set  aside  to  crystallise.  It  crystallises  in  white  semi-transparent  Iamina>  having 
a fatty  appearance.  Individual  crystals  appear  colourless,  but  when  seen  in  mas.ses 
they  possess  a very  beautiful  rosy  tint.  \ cry  soluble  in  water,  almost  insoluble  in 
alcohol.  It  has  no  action  on  vegetable  colouring  matters. 

yaphthionatc  of  Lead,  C’*H*PbNSO*.HH),  prepared  by  double  decomposition  of  a 
solution  of  naphthionate  of  sodium  with  nitrate  of  lead. — Forms  short  rciidish  needles, 
slightly  aolublo  in  water,  but  insoluble  in  alcohol.  Reddens  litmus.  It  is  altered 
by  boiling  with  water,  the  solution  becoming  red  and  gradually  losing  its  (x>wer  of 
cry'stallising. 

yaphthionate  of  Magnesium,  C'*H*MgNSO*. — Ea.sily  obtained  by  boiling  for  about 
two  hours  a mixture  of  2 pts.  of  crude  naphthionic  acid  and  1 pt.  of  carbonate  of 
magnesium  with  water.  The  solution  is  to  be  filtered  and  set  a-tide  to  crystallise. 
It  is  to  be  purified  by  recrystallisation  from  weak  alcohol.  If  the  solution  be  concen- 
trated, the  resulting  salt  will  contain  4 atoms  of  water  of  ciyrtiiUmtion  ; but  if  the 
mother-liquor  be  allowed  to  evaporate  spontaneously  in  vacuo,  the  crystals  will  contain 
6 atoms  of  water. 

yaphthionate  of  Potassium,  C’*IT*KNS0*. — This  salt  is  anhydrous,  very  soluble  in 
water  and  alcohol,  but  sparingly  soluble  in  the  same  liquids  w’hen  hydrate  of  potassium 
is  present.  It  is  easily  obtained  by  dissolving  crude  naphthionic  acid  in  a boiling  c'on- 
centrated  solution  of  hydrate  of  potas.sium.  It  crystallises  out  on  (»oli«g  in  small 
micaceous  lamina?. 

yaphthionate  of  Silv'-r,  C’^IPAgNSO'-H’O,  obtained  by  decomp^ising  a perfectly 
neutral  solution  of  nitrate  of  silver  with  a solution  of  naphthionate  of  sodium,  is  a white 
curdy  powder,  sometimes  becoming  converted  into  dense  crystalline  grains  with  an 
adamantine  lustre.  Little  soluble  in  cold  water,  more  so  in  hot,  Recumes  grey  on 
exposure  to  light. 

Amnioniacat  naphthionate  of  Silver,  C'*ll*AgS0*.2T^H*.2lI’0,  is  deposited  in  white 
crystalline  grains,  on  treating  a hot  solution  of  the  lnst-de8eril»ed  salt  with  ammonia 
and  learing  the  liouid  to  cool.  It  is  but  slightly  acted  upon  by  light. 

yaphthumate  of  Sodium,  C*®H*NaNS0*.4lF0. — This  salt  may  be  prepared  by  dis- 
solving crude  naphthionic  acid  in  hot  alcohol,  with  addition  of  powdcretl  carl>ouate  of 
sodium.  The  boiling  solution,  after  llltmtion  and  repose,  yields  fine  nearly  eolourles.* 
prisms  of  the  suit.  It  may  be  purified  by  being  reUuc«Hl  to  powder  and  washed  on  a 
funnel  with  a concentratiHl  alcoholic  solution  of  hydrate  of  so<Uum;  after  this  it  niuxt 
be  dissolved  in  alcohol,  and  decolorised  by  animal  charcoal.  After  the  latter  treatment 
it  will  bo  necessary  to  recrystalHse  it  several  times. — The  salt  forms  fine  prisms  be- 
longing to  the  monot’linic  system,  very  slightly  soluble  in  alkaline  liquids,  and  readily 
soluble  in  water  and  alcohol,  insoluble  in  ether.  When  in  nmsses  the  crjslals  always 
appear  yellow.  The  crystals  are  at  first  insipid,  but  afterwards  yield  a sweet  persistent 
taste.  The  suit  serves  for  the  preparation  of  several  of  the  imphtbionates  by  double 
decomposition. — Wlicn  heated,  it  yields  a residue  of  sulphate  and  much  carbon. — It  is 
not  elmnged  by  exposure  to  dry  air. 

yaphthionate  of  Zinc,  C'^IL/nNSO*. — Obtained  by  double  decomposition  of  naph- 
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in  watpr, 
between  150®  and  160®. 


thionate  ofsodmm  will,  sulphate  of  zinc.  Itfomis  largo  red  laminic.  transparent  hut 
becoming  opaque  at  80°,  inth  tes  of  some  of  its  water  of  crvstallisalion.  Verv'  soluble 

mlublo  in  mihydrons  alcohol  with  the  aid  of  heat.  Ueeomes  aiihjdrous 

0.  U.  W. 

1 (Schutzenberger  and  Willm,  Compt.  rend, 

xlvi.  8J4.) — A substance  produced  together  with  azodinaphthvidiamine  (p  23)  by  the 
action  of  aqueous  nitrite  of  pota.ssimn  on  hvdrocliloratc  of  naphfliylamine  The 
azo.linaphthyl-diani.ne  may  be  dissolved  out  by  alcohol  or  ether,  and  naphthulinin 
then  remains  as  a black,  rather  bulky,  humus-like  s.ibstanee,  insoluble  in  nearly 
all  soltents,  especially  in  rn-ids  and  alkalis.  Jt  dissolves  however  in  strong  sulphuric 
acid,  fonmiig  an  indigo-coiuurvnl  solution  whence  it  is  precipitatinl  by  water. 

k **•  — The  monatomic  radicle  of  iiaphthylamiiie,  &c. 

CyanaUofXaphthijI,  C'H’NO  = 0,  is  produced  in  small  quantity  by  heating 

dinaphthyl-earbaraide  with  phosphoric  anhydride  (V.  Hall,  Phil,  Mag.  [4]  xvii. 

rww.r.  ....»■..»/>«  .era  - * - • lace.rt  / , . '*hem.  .SoC. 

soluble 

I 


304X  probably  also  when  men.'iplithoximido  is  hcutetl  to  260®  (Perkin,  Che^ 

J.  ii.  8).  It  forms  magnificent  easily  fusible  crystals,  insoluble  in  water,  easily 
in  alcohol  and  ether.  Its  reactions  are  exactly  analogoua  to  those  of  cyaiiatc  of  nheiiv 
(u.  196).  (Hofmann,  Compt.  rend,  xlvii.  42.5.) 

Sulpkocyanatr  vf  yaphthyl^  C'®H’NS 


C’N  } 

C‘*n^5^’  together  with  naph- 

thylamine,  by  distilling  dinaphthylsulpho-carbumide  with  phosphoric  anhydride- 

. CN  ^ C-H-t 


(CS)" 

IP 


N. 


It  forms  splendid,  easily  fusible  crystals,  having  a pecidiar  wlnnr,  insoluble  in  water 
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(Hall,  Hofmann;  loc,  cit.) 


nAMIHU«  C*®n*X.  ^aphihatidant^  I^aphthafaminf,  yaphthalidiuf'. 
(Zinin,  J.  pr.  Chera. xxrii.  143  ; abstr.  Ann.  Ch.  Pharm.  xliv.  283.  Piria,  Ann.  Ch. 
Phys.  [3]xxxi.217.  B^champ,  xlii.  186.  Helbos,  eW.  xxi.  68.  W.H. Perkin 
Chem.  Soc.  Qu.  J.  ix.  8 ; Chem.  Gaz.  1866,  p.  119.  Hugo  So h iff.  Ann.  Ch.  Phys! 
lii.  112.  A.  W.  Hofmann,  Compt.  rend.  xlviL  425;  Ann.  Ch.  Phys.  [3]  Ur.  204. 
Sebutzenberger  and  Willm,  Compt.  rend,  xlrii.  82.  Perkin  and  Church, 
Chem.  Soc.  J.  xri.  207. — Discorered  by  Zi  nin  in  1842  during  bis  import^t  roseanlus 
on  the  reduction  of  nitro-compounds. 

Prfparation, — Zi ni n’s process  consista  in  mixing  1 pt.  nitronaphlhulcne  with  10 
pU.  of  strong  alcohol,  and  saturating  the  mixture  first  with  ammonia  and  then 
with  sulphide  of  hydrogen.  The  es.sentuU  features  of  the  reaction  are  expressed  by 
the  annexed  equation : 


C'*H^0»  + 3H»S  - C'*H*N  + 2H^0  + S>. 

KitroDaphth«loiie.  Naphthylarr.lnc. 

Piria’s  process  consists  in  taking  advantage  of  the  ease  with  which  the  Ihionaph- 
thamates  are  converted  into  naphthylamine.  WTien  the  thionaphthamate  of  an  alkali 
is  treated  with  dilute  sulphuric  acid  and  the  solution  is  heated,  sulphate  of  maphthyl- 
amine  is  produced  in  accordance  with  the  equation — 

2C'*H*NSO>  + H=0  = 2(C“H*N)H-S0‘. 

Thionaphth%mlc  nclJ. 

3.  According  to  Pi  ri  a,  daphtbylamine  is  also  produced  by  dii-tillinga  thionaphthamate 
with  excess  of  hydrate  of  calcium. 

4.  The  process  almost  invariably  used  at  the  present  day  is,  however,  that  of  Bechamp, 

which  consists  in  rt^ucing  nitronaphthalcno  with  iron  filinjp)  and  acetic  acitl.  Accord- 
ing U)  Schiitzenberg^r  and  Willm,  phthalaminc,  is  also  foruud  in  this  re- 

action. The  production  of  naphthylamiueby  Bechamp’s process  is  precisely  analogous  to 
that  of  aniline  from  nitrobenzene  with  the  same  reagents,  and  ra-vy  be  written  thus ; 


C‘*H»NO»  + 6IV0  + H*0  - 3Fc«0*  + C‘®IPN. 


It  18  quite  unnecessary  to  give  at  length  all  the  modifications  of  Bechamp's process, 
which  have  been  described  by  various  openitors.  The  following  met  hot!  of  prepar.i- 
tion  will  be  found  to  answer  either  on  the  large  or  on  the  small  sode:  1 pt.  of  nitro- 
OAphthalene  which  has  been  well  washed  with  water  to  remove  adhering  nitric  acid,  is 

c 2 
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mixed  with  pt  of  iron  filings,  and  commercial  acetic  acid  is  added  in  sufficient 
quantity  to  cover  the  whole.  The  retort  must  he  very  capacious,  and  should  be  able  to 
hold  at  least  ten  times  the  quantity  of  the  ingmliciitM  taken.  A gentle  heat  is  applied 
until  the  nitronaphthalene  melts.  The  reaction  soon  sets  in,  and  is  generally  very 
active,  the  contents  of  the  retort  frothing  violently,  and  I'oillug  over  unless  the  fire  is 
removed.  As  soon  as  the  frothing  has  subsided,  the  retort  is  to  be  cautiously  heated 
until  the  acetic  acid  has  distilled  over,  after  which  it  is  to  be  removed  from  the 
fire  and  allow'ed  to  cooL  A strong  solution  of  hydrate  of  potassium  may  then  l>e 
added,  until  the  mixture,  after  being  well  stirred,  is  jiowerfuliy  alkaline.  The  retort 
may  now  bo  transferred  to  a deep  sand-bath  and  covered  with  sand  up  to  the  neck. 
The  fire  is  to  be  urged  until  the  naphthylamiue  comes  over,  which  however  will  not 
be  the  case  until  the  temperature  has  risen  to  300'^.  The  oily  naphthylaniine  thus 
obtained  is  purified  by  solution  in  hydrochloric  acid ; the  filtered  liquid  is  evapo- 
rated to  dryneas  and  distilled  with  hydrate  of  calcium ; the  base  theu  passes  over 
in  the  form  of  a colourless  oil  contaminated  only  by  the  presence  of  phthalainine. 
The  latter  may  be  removed  by  converting  the  mixture  of  bases  into  sulphates  and 
crystallising.  The  sulphate  of  naphthylamiue  being  less  soluble  than  sulphate  of 
phthalumine,  will  crystallise  out  first. 

Koussiu  prepares  naphthylamiue  by  treating  nitronaphthalene  with  tin  and  hydro- 
chloric acid.  He  introduces  into  a balloon  (which  should  have  twice  the  capacity 
necessary  for  holding  the  ingredients)  6 pts.  of  commercial  hydrochloric  acid,  1 pt.  of 
nitronaphthalene,  and  as  much  gmjmlated  tin  as  will  reach  to  the  surface  of  the  mixture. 
The  balloon  is  heated  in  a water-bath  and  shaken  at  intervals.  An  energetic  re- 
action is  soon  set  up,  the  nitrouaphthaleue  disappears,  and  the  mixture,  which  is  of  a 
brown  colour,  becomes  transparent.  The  product  in  this  condition  is  poured  into 
an  earthenware  vessel  containing  two  litres  of  commercial  hydrochloric  acid  dilutinl 
with  half  its  bulk  of  water.  The  hydroclilorate  of  naphthylamiue  soon  begins  to  crys- 
tallise, and  finally  renders  the  whole  solid.  On  cooling,  the  magma  is  drained  on  linen 
filters,  and  subeequently  pressed.  To  purify  the  crude  hydroclilorate  prepared  in  this 
manner,  it  is,  after  drying,  to  be  dissolved  m boiling  water  and  treated  with  a sufli- 
cient  quantity  of  solution  of  sulphide  of  sodium  to  precipitate  the  tin.  The  liquid  is  then 
passea  through  a wet  paper  filter  to  remove  a tarry  impurity.  The  pure  hydrochlorate 
mystallises  on  cooling.  The  base  may  be  separated  by  the  addition  of  an  alkali. 

PropertifS. — Kaphthylamine  precipitated  from  a solution  of  the  sulphate  by  ammonia 
forms  white  silky  nee^es.  As  ordinarily  obtained  by  distillation,  it  is  a yellowish- 
white  crystalline  muss.  It  melts  at  50°  and  distils  at  al^ut  300°  without  decomposition. 
In  spite  of  this  fact  its  vapour-density  does  not  appear  to  have  been  determined.  If 
very  slowly  heated  it  sublimes  in  long  silkv  needles.  It  has  a most  disgusting  and 
persistent  odour,  which  adheres  to  the  bauds  and  clothes  for  a long  time.  Some  per- 
sons appear  to  be  injuriously  affected  by  it  when  working  with  it  for  some  time  (Carey 
Lea).  Solutions  of  naphthylaniine  colour  deal-wood  yellow  eveu  more  intensely  tiian 
aniline.  (Hofmann.) 

Dicotrtpositione. — 1.  Naphthylamine  bums  with  a smoky  fiame,  leav'ng  a residue 
of  carbon  (Zinin). — 2.  Turns  violet  in  the  air(Zinin).  This  violet  substance  appears 
to  be  produced  during  the  formation  of  naphthylamine  from  nitronaphthalene  by 
champ’s  process ; one  or  twograins  ore  all  that  can  be  obtained  from  50  or  more  grammes 
of  nitronaphthalene  (Carey  Lea).  Sublimed  naphthylamine  becomes colom^  only 
after  long  exposure  to  tlie  air  and  sunlight,  and  if  protected  from  these  influences  may  bo 
kept  unaltered  for  years  (Zinin). — 3.  Heated  to  200°  with  dry  mtrntrous  nitrate  it 
yields,  according  to  the  quantities  of  salt  employetl,  various  shades  of  colour  from  that  of 
aniline-violet  to  that  of  fuebsine  (Scheurcr-Kestn  er). — 4.  Stannic  c5/orfWr  converts 
it  into  a red  colour  (KestnerV — 5.  Not  attacked  by  chorine  in  the  cold,  but  violently 
when  in  a melted  state,  hydrocnlorate  of  naphthylamine  and  a resinous  substance  being 
formed  (Zinin).— 6.  Solution  of  hydrocblorate  of  naphtbylamiue  treated  with  chlorine 
affords  a violet  colour,  a brouTi  resin,  aud  a substance  crystallising  in  golden-yellow 
needles  (Zinin). — 7.  With  ferric  chloride^  nitrate  of  filvrr,  trichloride  of  gold  and  oxi- 
dising substances  generally,  it  gives  an  azure-blue  precipitate  of  iiaphthameine  (Piria). 
— 8.  when  nitrite  of  potaseium  is  added  to  a solution  of  a salt  of  naphthylamine,  a 
reddish-brown  precipitate  is  immediately  produced  calle<l  by  its  discoverers  uzodi* 
napbthyldiamine,  and  having  the  formula  C"H‘*N*  (Perkin  and  Church). 
— 9.  Platinic  chloride,  mercuric  chloride,  aud  cA/ortW«<j/'Wn<?  ^*ield  the  naphthamei'no 
of  Piria  which  appears  in  fact  to  be  oxynaphthylamine  (Scliiff).  This  is  probably 
also  the  substance  obtained  by  heating  nitronaphthalene  with  the  hydrates  of  poUs- 
sium  and  calcium. — 10.  Aitric  acid,  especially  if  it  contains  nitrone  acid,  converts 
naphthylamine  into  a brown  powder,  almost  insoluble  in  water,  but  soluble  in  alcohol 
with  the  production  of  a vimet  liquid  (Zinin).  Inasmuch  as  the  last  reaction  is 
fiivoured  by  the  presence  of  nitrous  acid,  it  is  prolwible  that  the  resulting  product  is 
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(or  at  least  contains)  Perkin  ami  Church’s  azodinaphthjldmminc.  This  is  rendered 
the  more  probable  because,  according  to  Zinin,  the  piquet  of  the  action  of  nitric 
acid  is  obtained,  on  evaporating  its  solution,  in  the  form  of  crystals  resembling 
morexide,  aud  azodiiiaphthyldiamine  ciystalliscs  in  magnificent  green  crystals  having 
somewhat  the  appearance  of  morexide,  but  much  larger  and  finer. — 11.  A mixture  of 
nitric  and  sulphuric  acids  acts  violently  on  naphthylamine  ; on  the  addition  of  water  to 
the  mixture  H.-ikcs  are  depa'<ited  which  are  probably  nitronaphthylamine,  G**H*(NO*)N. 
— 12,  Oxychloride  of  phosphorus  converts  naphthylamine  into  trinaphthylpbosphamide 
(SchifO- — 13.  A solution  of  aad  chromate  of  potassium  added  to  a solution  of  a salt 
of  naphthylamine  yields  a precipitate  containing  a violet  colouring  matter. — 14.  A solu- 
tion of  naphthylamine  in  anhydrous  ether  when  treated  with  gaseous  cyanic  acid,  affords 
naphthyl-urea,  : under  certain  circumstances  the  reaction  proceeds  differently, 

aud  colouring  mattera  are  formed  (Schiff). — 15.  An  alcoholic  solution  of  naphthy- 
lamine  combines  with  oil  of  mustard,  forming  allyl-naphthyl-sulphocarbamide, 
(ZininV — 16.  With  sulphocyanate  of  phenyl,  phenyl -naphtbyl-sulphocar- 
bamide  is  produced  (Hofmann). — 17.  When  an  alcoholic  solution  of  naphthylamine 
is  treated  with  disulphide  of  carbon,  or  when  it  is  heated  in  a sealed  tube  with  that 
reagent,  dinaphthyl-sulpbocarbamide  is  produced  (Laurent,  Delbos,  Schiff). — 

18,  When  fus^  naphthylamine  is  treated  with beatisgiveu 
off  and  hydrochlorale  of  menaphthylamine,  C’*H”N’.HC1,  is  formed  (Perkin). — 

19.  With  the  iodides  &c.  of  the  alcohol-radicles,  metbyl-naphthylamine,  ethyl-naph- 
thylamine,  fite.,  are  formed.  (Schiff.) 

Salts  of  Naphthtlaminb. 

Bromhydrate  or  //ytf ro 5 ro mu fr,  — Obtained  by  decomposing  a 

concentrate  alcoholic  solution  of  sulphate  of  naphthylamine  with  bromide  of  potassium 
or  barium.  The  solution  filtered  from  the  sulphate  of  barium  is  to  be  slowly  evaporated. 
Crystalline  salt,  readily  solnble  in  alcohol,  moderately  soluble  in  water. 

Chi  or  hydrate  or  Hydrochlorale,  C'*H*N.HCL— When  a strong  solution  of  naph- 
thylamine  in  alcohol  is  mixed  with  hydrochloric  acid,  the  whole  solidifies  to  a mass  of 
hydrochlomte  of  naphthylamine,  consisting  of  small  shining  scales,  mtlier  freely  soluble 
in  water,  and  still  more  so  in  alcohol  and  ether.  It  sublimes  at  about  200^  with  only 
slight  decomposition  ; the  sublimate  consists  of  very  fine  needles.  Like  the  sulphate, 
the  dry  salt  is  not  decomposed  by  exposure  to  the  atmosphere,  but  the  solution,  or  the 
crystals  if  wet,  become  rapidly  decomposed,  with  production  of  a red  colour. 

Chloromercu  rate. — When  a solution  of  mercuric  chloride  is  added  to  an  alcoholic 
solution  uf  naphthylamine  or  of  its  salts,  a curdy  yellow  precipitate  is  obtained;  it  is 
soluble  with  difficulty  in  cold  alcohol,  but  is  deposited  from  a boiling  solution  on 
cooling  in  crystals. 

Chloroplatinate. — A yellow  precipitate  slightly  soluble  in  cold  water,  still  less 
soluble  in  alcohol  and  ether.  It  crystallises  without  alteration  from  a boiling  aqueous 
solution  (Gerbardt).  On  pouring  an  alcoholic  solution  of  hydrochlorate  of  naph- 
thylaniine  into  a solution  of  platinic  chloride,  a green  colour  is  developed,  and  the 
salt  is  deposited  as  a brownish  green-yellow  powder.  (Zinin.) 

Hitraie,  C'*H*N.HNO*. — Naphthylamine  dissolves  without  decomposition  in  weak 
boiling  nitric  acid  if  the  latter  be  free  from  nitrous  acid.  The  solution  bieomes  however 
slightly  reddish.  On  cooling  brilliant  scales  aredeposited  of  nitrate  of  naphthylamine. 

Oxalates.  1.  Heutral  salt. — Crystallises  in  stellar  groups  consisting  of  small  luminie 
having  the  formula  2C**H*N.C^H’0*.  It  yields  dinaphthylcarbamide  on  distillation. 
— 2.  Acidsalt,  C**n*N.C’n^O*. — This  salt  forms  in  white  warty  masses,  readily  soluble 
in  naterand  alcohol.  When  submitted  to  destructive  distillation,  it  yields  a brownish- 
yellow  powder  soluble  in  alcohol  but  insoluble  in  water. 

Phosphates.  1.  Orthophosphate. — Naphthylamine  treated  with  solution  of  phos- 
phoric acid  which  has  not  been  ignited,  forms  this  salt,  which  is  readily  obtained  in 
ervstaU  even  when  dilute  solutions  of  the  base  are  treated  with  an  aqueous  solution 
of  the  scid.  It  rapidly  turns  red  by  expcMure  to  the  air. — 2.  Metaphosphate. — When 
an  alcoholic  solution  uf  naphthylamine  is  treated  with  solution  of  metaphospborie 
acid  in  alcohol,  a white  puiverulent  salt  is  obtained.  It  is  only  slightly  soluble  in 
water  and  alcohol. 

Sul phate  of  Naphthylamine,  2{C^*\\*'S).W‘SO*,  may  be  formed  by  dissolving 
the  base  in  warm  sulphuric  acid.  No  ciystals  are  obtained  on  cooling  even  to  0®, 
but,  on  dilution,  the  whole  becomes  nearly  solid  with  small  scales  of  t£e  salt.  The 
same  salt  may  be  obtained  by  adding  sulphuric  acid  to  a solution  of  thiom^bthamate 
of  potassiuio,  sodium,  or  ammonium,  and  gently  beating.  It  crystallises  in  white 
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silvery  scales  having  the  disgusting  odour  of  the  base,  and  an  acid  reaction.  When  dry 
it  may  be  kept  without  alteration,  but  the  fK>Iution  decomposes,  with  production  of  a 
red  Colour.  When  distilled  it  melts,  gives  off  sulphurous  acid,  and  leaves  a residue 
of  carlK>n.  A small  |>ortion  of  the  base  distils  over  undecomposed  (Zinin).  It  is 
only  slightly  soluble  in  cold  water  or  alcohol,  bnt  freely  so  in  hot  alcohol. 

Intimately  connected  with  naphthylamineare  the  substances  which  Piria  discovered  by 
acting  on  nitronaphtbaleno  ^utn  sulphite  of  ammonium.  (See  Tuioi^aputhamic  Aon 
and  Naphthioxtc  Acid.) 


of  ^aj^hthylamine. 


o,.Tlromide  of  Kthyl-naphthylammoniumy  C'*H'^NBr=(C‘*HbC*H\H*)?rBr. 
—To  prepare  this  compound,  naphthylamine  is  treated  with  an  excess  of  bromide  of 
ethyl  in  a fl>isk  so  connected  with  a Liebig's  condenser  as  to  allow  the  volatilised 
bromide  to  return,  the  temperature  being  maintained  between  40®  and  60®  for  some 
hours.  Tho  contents  will  at  last  be  converted  into  a reddish-brown  mass  from  which 
the  exct*88  of  bromide  of  ethyl  may  be  removed  by  distillation.  The  mass  is  then  to 
be  repeatt*diy  exliaustcd  with  boiling  water.  The  boiling  solutions  are  to  be  filtered,  and 
on  cooling,  the  bromide  of  ethyl-naphthylammonium  ^1  cr^staJIise  out  (Schiff).— 
2.  Naphthylamine  inclose<I  in  a sealed  tube  with  excess  of  bromide  of  ethyl  and  kept 
for  fourteen  days  at  ordinary  temperatures,  becomes  almost  entirely  converted  into 
crj-stnls  of  the  bromide.  (Schiff.) 

ProytrtitB, — Pale  rose-coloured  crystals  which  do  not  become  colourless  on  recrystal- 
lisatioii.  Tho  salt  does  not  become  coloured  so  eiisUy  as  uaphtbylamine.  Very 
slightly  soluble  in  cold  water,  but  readily  soluble  in  hot  water,  alcohol  and  ether. 
(Schiff.) 

Heated  vith  hydrate  of  potassium,  the  bromide  gives  naphthylamine  and  alcohol,  in 
accordance  with  tho  equation — 


N C’lP 

I 


Br  + KHO 


(C'"H’> 

C'H'f 

. H'  : 

H • 

+ KBr. 


(Schiff) 


Iodide  of  Methyl  •naphthyl  •ammonium. — An  attempt  to  prepare  a methyl 
compound  by  treatment  of  naphthylamine  with  iodide  of  methyl  failed,  the  product 
being  a greasy  mass  which  would  not  ciy'stallise. 

y.  Sulphocyanate  of  Phenyl^naphtkylammonium.  C*’H'^N’S  = 

CV  ) 

C'®n*(C*H^)Nj®* — direct  union  of  naphthylamine  with  sulpho- 

cyauate  of  phenyl,  or  of  phenylamine  with  sulphocyanate  of  naphthyl  (p.  19).  It 
cr}'staIlisos  from  its  boiling  solution  in  .“pangles  verj*  like  diphenyl-sulphocarbamido; 
very  soluble  in  alcohol  and  in  ether.  (Hofmann,  Compt.  rend.  ^vii.  426.) 

c.  o.  w. 


. — tt.  Mononaputhtl-caubamidb  or  Naputhyl- 


VBBA,  C'H’WO 


C‘»H» 

(CO)" 


N*. 


(See  Ca&bahides,  i.  764.) 


(C“H’)») 

A DctAPUTHTL-CABBAMioB.  Corbonaphthalide^  ■»  (CO)"  IN*.  (T)el- 

H*  J 

bos,  Ann.  Ch.  Phys.  [3]  xxi.  68. — Zinin,  Ann.  Ch.  Pharm.  criii.  228). — Obtained, 
1.  By  heating  the  neutral  or  acid  oxalate  of  naphthylamine  (Delbos).  Dinaphthyl- 
oxamide,  C^*JP*N*0*,  is  first  formed,  and  afterwards  resolv^  by  increased  heat,  into 
CHrlxjnic  oxide  and  dinaphthyl-carbamide. — 2.  By  boiling  dinapbthyl-sulphocarbamicle 
with  alcoholic  potash  (llelbos) : 


C-'H'^N^S  + H=0  = C«n“N*0  + H^S. 


3.  By  heating  dinaphtliyloxamide  for  a long  time  above  its  melting  point,  or  sub- 
mitting it  to  dry  distillation  (Zinin): 


(C“»ID* 
(C’*OV  N» 


(C'»n»)* 

(CO,- 


+ CO. 


It  is  most  advantageously  prepared  from  acid  oxalate  of  naphthylamine,  which  must 
be  heated  to  complete  fusion  : the  yellowish  mass  which  distils  over  is  then  freed  from 
naphthylamine  by  repeated  boiling  with  alcohol. 
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Dinapbthvl>cnrbntni(io  ia  u puiv  whito,  light  ami  slightly  silky  moss,  iosoluhle  iu 
fcotir.  Tfrj*  slightly  soluble  in  tailing  alcohof.  It  quickly  turns  red  when  exposed  to 
the  air,  and  distils  with  partial  carbonis^itiun  at  a lernpersturo  above  300^.  When 
distilled  with  phosphoric  auhydridf^  it  yields  cyanate  of  naphthyl,  together  with  other 
products. 

VAPBTBTlb-DZA.BCrVES.  a. AzodixaphthyL’DIamime.  N " 

H 


(Verkin  and  Church,  Chem.  Soc.  J.  xvi.  207). — A Imse  produced  by  treating 
hydrochlorare  of  naphthylamine  with  nitrilo  and  hydrate  of  potassium  in  the 
proportions  indicated  by  the  equation  : 


2(C'®H’N\HC1)  + KHO  + KNO»  = + 2KC1  + 3II-0. 


A dark-c«»loured  precipitate  ia  thereby  formed  which  when  recryMullised  once  or  twit?e 
from  boiling  alcohol,  yields  azmlinapbthyl-diamine  in  eplemlid  needles,  having  a 
bright  green  metallic  reflection.  It  melts  at  130®  to  a blood-re<l  liquid  having  a green 
metallic  lustre,  and  bears  a considerable  degree  of  heat  without  decomposition.  It  U 
insoluble  in  cold  xtatrr  ; colours  boiling  water  yellow;  dissolves,  but  not  very  freely,  id 
aio>k<d,  ether,  and  benccne,  even  at  l>oiiing  heat.  Most  acids  colour  the  solutions  deep 
rkdet ; but  the  original  orange-r»Ml  tint  is  restoriKl  by  ulkaliK,  and  even  by  water.  Oil 
of  vitriol  colours  the  djy  crystals  dull  green,  clianging  to  deep  blue  on  addition  of  a 
trace  of  water.  Strong  nitne  acid  dissolves  the  base,  forming  a brown  solution 
which  aftiTwards  changes  to  brownijrh-red,  and  water  then  throws  down  a brown 
precipitate. 

Aiodinaphthyl-diamino  forms  three  ht/droehlorates,  viz.  (C**IT”N*)*.HC1,  crystallis- 
ing in  shining,  golden-brown  prisms  ; C^*H**N*.HCl,  in  dark  purplish-red  ciystals  ; and 
C*H'*N^2HC3,  in  bulky  oy'staU  yellow-brown  by  transmitbNl  light,  and  ha\nng  a 
gre<*n  lustre  when  wet.  The  sulphate,  (C*II‘*N*)H*SO^,  forms  greenish-brown  crystals 
haring  a golden  metallic  lustre, 

Az(*dinaphthyl-diamine  boiled  for  some  time  with  potash  is  partly  reconverted  into 
naphtljyliimine.  By  prolonged  l>oUing  with  hydrochloric  acid,  ii  is  slowly  decomposed, 
yielding  hydrochlorate  of  naphthylamine,  and  a substance  soluble  in  potash.  When 
treated  with  hydrochloric  acid  and  granulated  tin,  it  is  decolorised  and  yields  one  or 
more  new  bases  not  yet  examined.  With  citraconic  acid  it  yields  u solid  substance 
probably  consisting  ofazodinaphthyl-citraconamicacid. 

By  u-^ing  a double  proportion  of  nitrite  of  j>onissium,  Perkin  and  Church  (Chem. 
Soc.  J.  lx.  1)  originally  obtained  a dark-coloured  substance  which  they  regained  as 
nitruso-naphtlialene,  C'*H’(NO);  but  subsequent  experiments  have  shown  that  it  was 
not  a definite  product,  but  merely  impure  az«xlinaphfhyl-diamine. 

Benznyl>a:;odinapkth^l'diainine,  C-'H‘*N*0  is  produced  by 

heating  azodinaplithyl-diamine  with  chloride  of  benzoyl.  It  forms  brilliant  red 
ciystals,  very  stable  and  cajwible  of  melting  without  decomposition.  It  is  insoluble  in 
water,  dissolves  slightly  in  lx)iling  alcohol,  with  yellow  colour,  which  is  darkened  but 
not  changed  to  violet  by  a large  excess  of  hydrochloric  acid.  Dissolves  in  sulphuric 
acid  with  deep  blue  colour;  is  nearly  insoluble  in  ether,  but  may  be  crystallised  from 
benzene  or  from  chloride  of  benzoyL  Dissolves,  with  orange  colour,  in  ^coholic  potash 
or  si>da,  and  is  partially  decomposed  by  continued  boiling  with  potash  followed  by  the 
action  of  hydrochloric  acid. 

The  chlorides  of  acetyl  and  cumyl  appear  to  form  similar  products  with  azodinaph- 
thyl-diamine. 

MF..vAi’nTUYL.^MiNE, Cl^'H”N*,mayberegarded as  cyan o-di naphthyl-diamine 
(r/rf.  inf). 

W&VHmX>-POBMAini>B.  C"H»NO  = N.n(CHOXC'*H^).  SceFoKMA- 
xxnB  (it  681). 

ITAPBTBTXt-OBAKXBSS.  See  OxAMiDS. 


VAPBTBTXt-PBOSPBAMZOB*  See  PUOSPHAUIDB. 
BAPBTKTli-gin>PBOCABBAaiIPlIS.  See  SLi.PHocARBAinT)ES. 
BAPBTBTlf-TBZAlBXBBS.  a.  CARliOULSATUTUYL-TIUAMINB.  MeNAI’UTUTLA- 

C-  s 

MINE.  C^*H'*N*  *»  (C'*H’)®  r N“.  (Perkin,  Chcin.  Soc,  Qu.  J.  ix.  8.)— This  compound, 

n-  j 


CN 

which  may  also  be  regarded  as  cuano-dinaphthul-diaminr,  (C’H 

H* 


H ' 

’)=  N’,  U f< 

I 
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NAPilTIlYL-UREA— NARCEINE. 


hyJnxhloratP,  by  the  action  of  chloride  of  c^-anogen  on  naphthylamine  (2C‘*H"N  + 
CNCl  ^ C‘*H”NMICl),  the  mode  of  formation  being  precisely  analogous  to  that  of 
niclaniline,  or  carbo-dipbenyl-triamine,  from  nniliiie.  lo  prepare  it,  gaseous  chloride 
ofcvanouen  is  drawn  by  an  aspirator  through  a number  of  glass  tu^  partly  filled 
M'itli  nspnthylamine  which  is  kept  in  fusion  by  the  application  of  a gentle  heat ; tlie 
resulting  Mack  resinous  mass,  consisting  chiefiy  of  hydrochlorate  of  menaphthylamine, 
is  boilinl  with  a large  quantity  of  water;  the  base  is  precipitated  from  the  solution  by 
uminouia  or  potash  ; and  the  precipitate  is  purified  by  washing  with  water,  and  one  or 
two  crystallisations  from  aleobul. 

Menaphthylamine  crystallises  in  small  white  needles,  having  a bitter  taste,  but  no 
smell,  nearly  insoluble  in  v:atrr,  soluble  in  alcuhol  and  in  ether.  It  becomes  coloured 
in  the  air,  and  blues  reddened  litmus.  It  melts  at  about  200*^,  and  decomposes  at  260'’, 
giving  off  nuphthyhimine  aud  leaving  a brown  mass.  It  appears  to  form  neutral  com- 
pounds with  chiorine,  iodine  and  bromine.  With  fuming  sulphuric  acid  it  first  forms  a 
sul])hate,  but  on  heating  the  mixture,  it  liquefies  and  a new  acid  is  produced  which 
forms  a soluble  lead-salt.— nitric  acid  acts  very  slowly  on  menaphthylamine, 
forming  a series  of  substitution-products.  Chromic  acid  acts  but  slowly.  Cyanogen 
gas  passed  through  other  in  which  menaphthylamine  is  suspended,  converts  it  into 
dicyanomenaphthylamine. 

5lenaphtbylKmme  unites  with  acids,  forming  salts  many  of  which  arc  amorphous  or  but 
slightly  crystalline.  They  are  but  sparingly  soluble  in  water,  and  neutral  to  litmus- 
p:ifK*r.  They  are  precipitated  by  acius  and  by  saline  solutions  ; potash  and  ammonia 
added  to  their  solutions  precipitate  the  base  as  a pure  while  powder. 

The  hydrochlorate,  C^’H'^NMICl,  is  amorphous  and  very  soluble  in  alcohol  aud 
ether.  The  chlon>jdntinate,  C^'H”N*,HCl.PtCP,  is  deposited  from  alcoholic  solutions 
in  small  yellow  shining  scales.  The  chloro^urate  is  a blue  precipitate.  The  hydrio^ 
date,  hydrvhromate,  phosphate  and  nitrate  are  crj'stalline,  the  last  forming  small  white 
prisms,  and  dissolve  easily  in  alcohol  and  in  ether.  The  sulphate  is  amorphous,  and 
moderately  soluble  in  alcohol  and  in  ether. 

fi.  DicYSKo-insKAPHTirrLAitiKB.  « C*'H”X*.Cy*. — Produced  as  above 

described  Ivy  the  action  of  gaseous  chloride  of  cyanogen  on  menaphthylamine  suspended 
in  ether.  It  is  pale  yellow,  crystallises  with  difficulty,  is  insoluble  in  water,  moderately 
soluble  in  alcohol  and  in  ether,  di.Hsolves  easily  in  dilute  acids,  and  is  reprecipitated  by 
ammonia  if  added  immediately  afterwards ; but  the  solution,  if  loft  to  itself  for  only  a few 
seconds,  becomes  turbid  and  deposits  cyanodinaphthyl-oxomide,  C**H**N*0*.  (Perkin, 
loc.  cit.) 

ITAPBTBTXt-UltBA.  Syn.  with  KaPHTHTL-CABBaumB. 

17APX»£8  Yl«X»&OW.  A basic  antimonate  of  lead  used  in  oil-painting.  (See 
ANTiMOKaTES,  i.  326.) 

BAPOZ.EOfriTlk  Syn.  with  orthoclase.  (.See  pELSpaa,  il  619.) 

BABCBXBZ.  C”H»NO*.  (Pelletier,  Atm.  Ch.  Phys.l.  262.— Couerbe,  ibid. 
lix.  151. — Anderson,  £dinb.  Phil.  Trans,  xx.  Pt.  3,  p.  347.) — An  alkaloid  con- 
tuiucxl  iu  opium.  To  prepare  it,  the  aqueous  extract  of  opium,  from  which  morphine 
has  been  separated  by  Gregory’s  process  (iii.  1051),  is  mixtHl  with  ammonia,  which 
throws  down  uarcotine,  tliebaine,  and  a resinous  body.  The  liquid  is  filtered  and 
niixed  with  acetate  of  lead  ; and  the  filtrate,  after  being  freed  from  excess  of  lead  by 
sulphuric  acid,  is  neutralised  with  ammonia  and  evaporated  till  it  becomes  covered 
w'illi  a pellicle.  It  then  on  cooling  deposits  a crjstalline  mass,  the  quantity  of 
which  increases  by  repose.  This  mass  is  washed  on  a linen  filter  with  cold  water,  and 
then  dissolved  in  l>t’»iling  water,  which  on  cooling  deposits  crystals  of  narceine. 

Narceine  thus  obtained  sometimes  contains  sulphate  of  cjiicium  ; it  may  be  purified 
by  dissolving  iu  alcohol,  decolorising  with  animal  charcoal,  and  recrystallising  from 
water. 

.N’areeine  ciystallises  iu  elongated  silky  needles.  It  is  inodorous,  has  a bitter  and 
styptic  t:\ste,  dissijlves  sparingly  in  cold,  more  readily  in  boiling  ica/fr,is  very  soluble  in 
alcohot,  but  insoluble  in  tthir.  The  solutions  of  narceine  slightly  deflect  the  plane  of 
|tohiris)\(ion  of  a luminous  ray  to  the  left ; [a]  — — 6'67®. 

Narceine  melts  at  und  solidifies  iu  a cr}’stalline  mass  on  cooling.  It  turns 
yrllow  at  110®,  and  deconifX)8e8  at  higher  temjK?ratures.  It  is  violently  attacked  by 
chlorine  and  bromine,  yielding  very  compb  x prcslucts.  Iodine  forms  with  narceine  a 
dark  blue  compound  which  is  decompof-ed  by  boiling  water. 

Potash,  s*>da  und  aminoula  dissolve  narceine,  which,  on  concentrating  the  solutions, 
is  deposited  in  the  form  of  an  oily  liqiiiiL 

Strong  mineral  acids  act  powerfully  on  narceine  and  decompose  it ; the  same  acids 
when  dilate  combine  with  it  and  form  salts. 

The  sulphate  forma  tufts  of  needles  much  resembling  the  free  base.  It  ia  sparingly 
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•oluble  in  boiling  water.  The  nitrat  aeparates  from  a hot  solution  in  radiating  groups 
of  crystals,  sparingly  soluble  in  cold  water. 

The  hydrochl^trat*’,  HCl  (at  100°)  (^stallises  sometimes  in  concentrically 

grouped  needles,  sometimes  in  short  irregular  prisms.  The  crystals  are  very  soluble  in 
water  and  alcohol,  and  have  an  acid  reaction.  The  chlorovlatinaU,  C*H®NO*.HCl.PtCl* 
(at  100°),  gradually  separatee  on  adding  platinic  chloride  to  hydrochlorate  of  narceine, 
as  scrystailina  powder,  or  in  small  prismatic  crystals  (analysis,  410  per  cent.  C,  4‘6  H, 
and  14-33— 14  76  Pt;  calc.  41*2  C,4*6  H and  14*7  Pt). 

W ASCBTm*  An  alkaloid  produced  by  the  action  of  sulphuric  acid  and  peroxide 
of  lead  on  narcotine.  It  is  dissolved  by  strong  sulphuric  acid  with  a fine  red  colour,  and 
by  nitric  acid  with  a fine  yellow  colour.  By  the  prolonged  action  of  the  oxidising 
mixture  it  appears  to  be  converted  into  opianic  sci^  (Marchand,  Berz.  Jahresber. 
XXV.  607.) 

VA&CSTXra.  A substance  possessing  emetic  properties,  contained  in  the  white 
narcissus.  (Jourdain,  K^p.  Pharm.  [2]  xxL  338.) 

WA&COOSVXVS.  When  a solution  of  narcotine  in  hydrochloric  acid  is  boiled 
with  platinic  chloride,  the  product  generally  formed  is  chloroplatinate  of  cotamine. 
Sometimes  however  another  platiaum*8alt  is  formed,  crystallising  in  long  light  yellow 
neetiles.  This  salt  is  supposed  by  Blyth  (Ann.  Ch.  Pharm.  L 29)  to  be  the  chloro- 
platinate of  a distinct  alkaloid,  narco^emne.  As  however  this  salt  is  decomposed  by 
ammonia  into  chloroplatinate  of  naix^ine  which  is  precipitated,  and  chloroplatinate 
of  cotamine  which  remains  dissolved,  it  is  probably  merely  a double  salt  composed  of 
the  chloroplatinates  of  narcotine  and  cotamine. 

WASCOTEXVB.  Sjn.  with  Nabcbtinh. 

VASCOTZe  ACZX>.  An  acid  said  to  be  formed  by  boiling  narcotine  with 
potash.  It  appears  to  differ  fmm  narcotine  only  by  the  elements  of  water  (p.  27). 

VASCOTZVB.  C*H^O’.  (Derosne,  Ann.  Chim.  xlv.  257  ; Robiquet,  Ann. 
Ch.  Phys.  T.  273;  Dumas  and  Pelletier,  ihid.  xxiv.  188;  Pelletier,  ibid.  1.  269; 
Liebig.  Ann.  Ch.  Pharm.  vi.  36;  R.  Bran dea,  ii.  274  ; Couerbe,  Ann.  Ch. 
Phys.  lix.  169  ; Regnault,  ibid.  Ixviii.  137  ; Wohler,  Ann.  Ch.  Pharm.  1.  1 ; Blyth, 
fW.  1.  29;  Wertheim,  ibid.lxx.  71;  Ixxiii.  208;  Anderson,  ibid.  IxzxvL  179; 
Mattbeissen  and  Foster,  Phil.  Trans.  1863,  p.  346;  Chom. Soc.  J.  xvi.  342. — Gm. 
xvL  136  ; Oerh.  iv.  67.) — This  alkaloid  is  contained  in  opium  to  the  amount  of  6 or  8 
Mr  cent.,  and  was  the  first  base  extracted  from  that  substance.  It  was  discovere^l  by 
Derosne  in  1804,  and  went  by  the  name  of  Scl  de  Dtrosne,  till  its  basic  character 
was  demonstrated  by  Robiquet  in  1807. 

Preporation. — 1.  From  the  coloure<l  unerystalHsable  mother-liquors  obtained  in  the 
preparation  of  morphine  by  Gregory’s  process  (iii.  1051).  These  mother-liquors  are 
diluted  with  water,  filtered  if  necessary,  and  treated  with  ammonia  as  long  as  a precipi- 
tate continues  to  form  ; and  the  precipitate  is  collected  on  a cloth  filter  and  pressed. 
It  is  granular  at  first,  but  becomes  resinous  if  lefi  under  the  press  too  long.  It  should 
therefore  be  quickly  removed,  suspended  in  water,  and  pressed  again,  the  treatment  being 
repeated  seTeral  times.  The  precipitate  contains  narcotine  together  with  a considerable 
quantity  of  resin  and  a little  thebaine ; the  mother-liquor  contains  narceine  and  may 
^ used  for  preparing  that  base.  A portion  of  the  precipitate  is  now  to  be  boiled  with 
rectified  spirit  and  the  solution  filtered  hot;  on  cooling  it  deposits  strongly  coloured 
crystals  of  narcotine,  which  are  collected  on  a cloth,  pressed,  and  washed  with  a little 
alcohol  The  mother-liquor  of  these  crystals  serves  to  dissolve  another  portion  of  the 
precipitate,  and  in  this  manner  the  process  is  continued  till  the  whole  is  dissolved.  The 
impure  crystals  of  narix>tine  are  next  rinsed  with  strong  potash-ley,  washeil  with  water, 
and  crys^lised  from  boiling  alcohol  The  alcoholic  liquor  from  which  the  first  highly 
coloured  crystals  of  narcotine  were  deposited,  contains  much  resin,  a little  narcotine  and 
all  the  thebaine  of  the  opium,  and  may  be  used  for  the  preparation  of  that  alkaloid. 
(Anderson.) 

2.  Narcotine  may  be  extracted  directly  from  opium  by  treating  that  substance  with 
ether.  The  solution  left  to  evaporate  deposits  narcotine  in  the  c^stallised  state. 

Propertifs. — Narcotine  crystallises  in  right  rhombic  prisms  or  in  needles  grouped  in 
bundles,  fiattene<i.  colourless,  transparent  and  lustrous.  It  melts  at  170°  and  solidifies 
again  at  130°,  in  the  crystalline  or  amorphous  state,  according  as  the  cooling  is  slow  or 
rapid.  It  is  insoluble  in  cold  trafrr/ boiling  water  dissolves  of  it.  Alcohol  and 
ttki^  diseoKe  it,  but  not  very  freely.  According  to  Duflos,  it  dissolves  in  100  pts. 
^Id  and  20  pts.  boiling  alcohol  of  86  per  cent.,  in  126  pts.  cold  and  48  pts.  boiling 
ether  of  specific  gravity  0 735.  The  solutions  are  bitter  and  destitute  of  alkaline  reaction. 
Narcotine  dissolves  in  26  pts.  chloroform  (Pettenkofer),  in  60  pts.  actiic  ether 
(Henry),  also  in  aiYs,  both  fixed  and  volatile. 
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The  alcoholic  or  ethereal  solution  of  narcotine  deflects  the  piano  of  jx^larisatioD  of  a 
luminous  ray  strongly  to  the  left ; [a]  « — 130^  6'  nearly.  Acids  modify  the  rotatory 
power  consiueraLIy,  altering  the  deviation  from  left  to  right.  (Bouebardat,  Ann. 
Ch.  Phys.  [3]  ix.  213.) 

Narcotine  is  not  dissolved  by  caustic  A or  ammonia.  Its  solutions  do  not  pro- 
duce n blue  colour  with  ferric  salts,  a character  which  serres  to  distinguish  it  from 
morphine.  (.See  also  the  reactions  with  Sulphuric  and  Nitric  Acids,  infra.) 

Nareotiue  acts  as  a narcotic  poison,  though  not  so  powerfully  os  morphine ; 1*5  grm. 
of  it  is  sufficient  to  kill  a dog  in  a very  short  time. 

Narcotine  contiiins : 

Matthlruen 


Calculated. 

Li.big. 

Pelletier. 

Regnault. 

HofinsRD. 

and  Koftter. 
Mean. 

C” 

2G4 

63n2 

61-09 

63*91 

64*25 

64*53 

63-79 

23 

5 57 

5-50 

6*45 

5*96 

6*21 

5-81 

N 

14 

3-39 

2-51 

4*31 

3 49 

3*30 

3-32 

O’ 

112 

27-12 

27-90 

26*33 

26*30 

25*96 

27-08 

C”H"NO' 

413 

10900 

100*00 

100*00 

100*00 

100  00 

100*00 

The  composition  of  narcotine  was  first  determined,  to  the  general  satisfHCtion  of 
chefnisU,  by  Blyth.whoin  18-44  proposed  the  formula  C'*i/^*A*0‘*or  C**IP‘NO^  sup- 
porting it  by  numerous  analyses  of  the  cbloroplatinate,  and  showing  at  the  same  time 
that  it  accoided  well  with  tlie  most  trustworthy  results  of  previous  investigation.s,  and 
accounted  satisfactorily  for  the  most  important  transformations  of  narcotine.  e.speclally 
its  resolution  under  the  iufiuenceof  oxidising  agenta.  intoopianic  acid  (C'*H'*0*)  and  co- 
tarnine  (then  rcgardo  las  C'*H'*NO*).  Accordingly  Blyth’s  formula  wjis  for  a long  time 
repirded  as  expressing  correctly  the  composition  of  narcotine.  W ertheim,  however, 
in  1851 — founuing  his  opinion  chiefly  on  the  composition  of  the  Tolatile  bases  olrtained 
by  distilling  narcotine  with  ])Ota8h,  some  specimens,  acconling  to  his  observations, 
yielding  methylamine,  some  ethylamine,  and  others  trilylamine— maintained  the  exis- 
tence of  two  additional  varieties  of  narcotine  homologous  with  that  examined  by 
Blyth,  and  represented  respectively  by  the  formulae  C^H^NO^  and  C^'H^NO^i  while 
Ilinterberger  (Ann.  Ch.  Pharm.  Ixxxii.  312)  analysed  a compound  of  mercuric 
chloride  with  what  he  considered  a fourth  variety  still  homologous  with  the  preceding, 
and  represented  by  the  formula  C**H*‘NO*.  Matthiessen  and  Foster,  on  the  other 
hand,  found  that  six  samples  of  narcotine  prepared  &om  different  kinds  of  opium,  Tur- 
kish, Egyptian,  and  Persian,  yielded  results  agreeing  very  nearly  with  the  formula  above 
given,  the  difference  between  the  highest  and  lowest  quantities  of  carbon  in  the  analyses 
amounting  to  only  0*63  per  cent.  Uence  they  conclude  that  there  is  no  sufficient  evi- 
dence for  the  existence  of  more  than  one  kind  of  narcotine,  and  that  it  is  more  probalde 
that  one  and  the  same  narcotine  (since  when  distilled  with  bydriodic  acid,  it  yields 
3 at.  iodide  of  methyl,  p.  27)  may  yield,  by  distillation  with  potash,  Bometimes  methyl- 
amine,  sometimes  dimethybimine,  and  sometimes  trimethyUmine,  which  last  appears 
to  have  been  mistaken  by  W ort  hoim  for  its  isomer,  tritylamine. 

DfCimpositions. — 1.  Narcotine  becomes  coloured  when  heated  a few  degrees  above 
its  melting  point.  At  220^  it  swells  up,  gives  off  ammonia,  and  leaves  humopic  acid. 
Heated  to  200^  with  water  in  a sealed  tube,  it  dissolves,  forming  a reddish  very  bitter 
Lquid. 

2.  Strong  sidphuric  acid  dissolves  it,  forming  a yellow  liquid  which  turns  brown 
when  heut^.  According  to  A.  Husemann  (Ann.  Ch.  Pharm.  cxxviii.  305;  Rep. 
Chim.  pure,  1863,  p.  284),  narcotine  added  to  cold  sulphuric  acid,  colours  it  bluish- 
violet  or  yellow,  which,  if  the  liquid  be  gently  heated,  changes  to  orange-red,  then  to 
■riolet-blue  at  the  edge  of  the  basin,  and  lastly  to  Tiolet-rtnl.  This  reaction  is  very 
distinct,  if  the  sulphuric  acid  contains  1 pt.  in  2,000  of  narcotine;  and  even  if  it  con- 
tains only  1 pt.  in  40,(»00,  a alight  carmine  colour  is  still  perceptible,  passing  into  vio- 
let-reil. — A solution  of  narcotine  in  cold  a\ilphuric  acid  becomes  reddish-yellow  on 
addition  of  nitric  acid.  With  kf/pocklvrite  of  sodiu}n  the  same  colour  is  produced,  but 
pre«vded  by  a carmine  tint.  If  the  solution  ha.s  bt‘on  heated,  both  reagents  immediately 
pn^duce  a light  yellow  colour,  becoming  slightly  reddish  after  a while. — A solution  of 
naix’otine  in  sulphuric  acid  j»reviously  heated,  acquires  on  addition  of  ferric  chlonds 
a dark  red  colour,  changing  to  cheny-red,  which  lasts  for  24  hours  (compare  Jdeactions 
of  Morphine,  Hi.  1052).  Dilute  sulphuric  with  the’ aid  of  heat,  transforms  it  into  a 
green  substance,  sulphonarcotide,  containing  the  elements  of  neutral  sulphate  of 
narcotine  tninus  2 at.  water. 

3.  Chlorine  pas  attacks  narcotine,  especially  at  100^,  converting  it  into  an  amorphous 
substance  which  has  not  been  analysed. 

4.  In  bromine-t'apour,  narcotine  is  coloured  orange-yellow;  in  iodinC'Vapour,  brown- 
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yellow;  in  raponr  of  chloride  of  iodine,  verraillion-red  to  yellow  (Donn^).  The  salts 
of  narcotine  are  not  coloured  by  aqueous  iodic  acid. 

5.  Narcotine  distilled  with  concentrated  hydriodic  acid  gives  off  iodide  of  methyl, 
in  the  proportion  of  3 at  CTI*I  to  I at.  narcotine.  (Matthiesson  and  Foster.) 

6.  According  to  unpabUshed  experiments  by  Matthiessen  and  Foster,  narcotine  yields 
Uiw  quantities  of  cluoride  of  methyl  when  Seated  to  about  1 10®  with  strong  aqueous 
hyo  frochloric  acid.  The  resulting  solution  contains  an  alkaloid  which  differs  from  mir- 
cotine  in  being  perceptibly  soluble  in  hot  water,  from  which  it  separates  on  cooling  as 
a crystalUne  precipitate,  and  by  its  ready  solubility  in  solutions  of  the  alkalis  or  alkaline 
carbonates.  The  composition  of  this  product  is  not  yet  ascertaine<l  with  certainty,  but 
several  analyses  seem  to  point  to  the  formula  C‘*H'*NO’  = C**H**NO’  + 3HC1  — 
3CU>CI. 

7.  Narcotine  is  not  dissolved  or  decomposed  by  dilute  aqueous  potash,  even  at  the 
boiling  beat,  but  when  Iwiled  for  some  time  with  strong  potash-ley,  it  forms  a bitter, 
soluble,  oily  substance  which  appears  to  be  the  potassium-salt  of  a peculiar  acid  (nar- 
cotic acid).  An  alcoholic  solution  of  potash  dissolves  narcotine  in  such  quantity  as  to 
form  a semi-solid  mass.  The  acid  contained  in  this  potHssium-sult  canned  however,  be 
isolated  ; on  passing  carbonic  acid  gas  into  the  alcoholic  solution,  a trunsporent  jelly  is 
gradually  formed,  which,  when  washed  with  alcohol  and  suspended  in  w'ater,  leaves 
crystals  of  narcotine.  Hence  narcotic  acid  appears  to  differ  from  narcotine  only  by  the 
elements  of  water. 

8.  Narcotine  heated  to  200® — 220®  with  hydrate  of  potassium  or  eodium,  gives  off  a 
volatile  base,  which,  according  to  the  circumstances  of  the  experiment,  is  either  methyl- 
amine,  diroethylamine,  or  trimothylamine.  According  to  Hofmann  (Ann.  Ch.  Fharro. 
Ixxv.  367),  the  products  vary  according  to  the  proportion  of  the  narcotine  and  hydrate 
of  potassium,  an  oily  alkadi  lulling  at  a much  higher  temperature  usually  floating  on  the 
sui^cc  of  the  trimctbylamine. 

9.  Dilute  nitric  acid  dissolves  narcotine  at  ordinary  temperatures  without  decompo- 
sition ; but  on  heating  the  solution  to  60®,  it  deposits  crystalline  flocks  of  teropiammone, 
the  solution  retaining  meconin,  opLanic  acid,  hemipinic  acid,  and  cotamine,  the  pro- 
portions of  these  products  varying  with  the  degree  of  dilution  of  the  nitric  acid.  In 
this  reaction,  the  opianic  acid  and  cotamine  must  be  regarded  as  primary,  the  other 
substances  as  secondary  products  : 

C«H“NO’  + 0 = + C'»H'*NO* 

Narcotioe.  Opianic  acid.  Ck>tarnloe. 

The  meconin  might  also  be  supposed  to  be  formed  by  the  breaking  up  of  the  narco- 
tine,  thus : 

C«H-’NO»  - + C‘»H‘*NO» 

Karcotiiie.  Mecoaio.  Cotamine. 

or  at  the  expense  of  the  opianic  acid : 

2C“H«0*  = + C‘*H'*0* 

Opianic  acid.  Meconin.  Hemipinic  acid. 

The  hemipinic  acid  may  also  be  formed  by  further  oxidation  of  the  opianic  acid. 

Strong  nitric  acid  acts  violently  upon  narcotine,  giving  off  copious  red  fumes,  and 
fonning  a thick  red  resinous  matter.  Qerhardt  found  tliat  when  narcotine  is  gently 
heated  with  strong  nitric  acid,  no  red  vapours  are  evolved,  but  an  inflammable  gas, 
probably  nitrate  of  methyl. 

10.  \^en  u solution  of  narcotine  in  hydrochloric  acid  is  boiled  with  plaiinic  chloride, 
the  narcotine  is  resolved  into  cotamine  and  opianic  acid,  the  platinic  chloride  being  at 
the  same  time  reduced  to  platinous  chloride : 

C»H“NO»  + H^O  + 2PtCP  - C”H'«NO*  + + 2PtCl  + 2HC1 

Ksreotioe.  Ccilaruitie.  Opianic  acid. 

U.  The  same  products  are  formed  by  the  action  of  a mixture  of  peroxide  of  man- 
ganese and  sulphuric  acid  (Wohler).  On  one  oeca.Mon  Wohler  obtained  also 
apophyllic  acid  (i.  350) ; and  by  heating  narcotine  with  peroxide  of  lead  alone,  or 
with  peroxide  of  manganese  and  hydrochluric  acid,  hemipinic  acid  (iii.  HI)  was  pro- 
duct^ A solution  of  sulphate  of  narcotine,  boiled  with  peroxide  of  lead  and  sulphuric 
acid  added  drop  by  drop,  wrma  narcct  ine  or  narcoteVne.  (E.  Marchnnd  : see  p.  25.) 

12.  Narcotine  doe.snot  reduce  ferricyanide  of  i^dassium  in  alkaline  solution,  and  is 
thereby  distinguished  from  morphine,  which  reducf-s  the  red  to  the  yellow  prussiuto 
(Kieffer.  Ann.  Ch.  Pliarm.  ciii.  277).  When  heated  with  absolute  alcohol  and  iodido 
of  ethyl,  it  is  partially  converted  into  hydriodate,  but  docs  not  yield  any  subbtitul  ion- 
product.  (How,  Ann.  Cb.  Pharm.  xcii.  327.) 


Digitized  by  Coogle 


28 


NASTURAN— NATROCALCITE. 


Salts  of  Nabcottnb.  Narcotine  dissolres  in  acids,  but  the  solutions  have  little 
stability,  depositing  tlie  greater  part  of  the  narcotine  on  evaporation  and  often  on 
addition  of  water.  Many  of  them  are  soluble  in  alcohol  and  in  ether.  They  are 
bitter,  and  redden  litmus.  Mixed  with  tartaric  acid,  and  then  supersaturated  with  an 
alkaline  bicarbonate,  they  immediately  yield  a white  pulverulent  precipitate.  8ulpho- 
ci^anate  of  potaasium  produces  in  solutions  of  narcotine,  a deep  red  precipitate,  even  if 
the  quantity  of  narcotine  present  is  extremely  small ; the  precipitate  is  soluble  in  a 
slight  excess  of  the  suiphoeyauate.  (Oppermann,  Compt.  rend.  xxi.  811.) 

Narcotine-salts  give  no  precipitate  with  fixosiUcic  alcohol  (iii.  1054);  with  phospho- 
inolpbdic  acid,  they  yield  a brownish-yoUow  flocculent  precipitate ; with  pkoaphanti^ 
monic  acid,  a white  docculent  precipitate. 

Acetate  of  Narcotine,  Very  unstable,  the  solution  prepared  in  the  cold, 
depositing  narcotine  when  evaporated.  This  property  may  t>e  made  available  for 
separating  narcotine  from  morphine,  the  acetate  of  which  is  not  decomposed  by 
evaporation.  Basic  acetate  of  lead  likewise  precipitates  narcotine  &om  its  solution  in 
acetic  acid. 

Chlorhydrate  or  Hydrochlorate. — Very  soluble  in  water.  Crystallises  in 
needles  from  its  alcoholic  solution  on  cooling,  or  from  the  aqueous  solution  evaporated 
to  a syrup,  and  left  for  some  time  in  a warm  chamber  According  to  Liebig,  100  pts. 
narcotine  absorb  9*62  pts.  of  dry  hydrochloric  acid. 

When  a strong  acid  solution  of  h^drochlorate  of  narcotine  is  poured  into  water,  a 
semi-fluid  precipitate  is  produced  which  graduallv  solidifles,  and  is  soluble  either  in  a 
a larger  quantity  of  water  or  in  hydrochloric  acid.  A similar  precipitate  is  formed  on 
gradually  adding  an  alkali  to  a solution  of  hydrochlorate  of  narcotine.  This  precipi- 
tate contains  hydrochloric  acid,  and  is  perhaps  a basic  bydrochlorats  of  narcotine. 
(Mattbiessen  and  Foster.) 

Chloromercuratc,  C”H”NQ’.HCLHgCl  (?)  White  precipitate,  which  when 
dried  over  the  wator-bath,  and  then  dissolved  in  a mixture  of  alconol  and  hydrochloric 
acid,  deposits  small  crystals,  containing,  according  to  Hinterberger  (Ann.  Ch. 
Phaim.  Ixxxii.  311),  43  64  p.  c.  C,  3*90  H,  and  18  02  Hg.  The  formula  above  given 
requires  461  C,  4*7  H,  and  17  Hg,  numbers  which  do  not  agree  veiy  well  with  the 
analysis ; Hinterberger  assigns  to  the  salt  the  formula  C^‘H**NO\HCl.&gCI,  supposing 
it  to  contain  a narcotine  different  from  ordinary  narcotine  (see  p.  26). 

Chloroplatinate,  C?”n”NO'.HCI.PtCP. — Obtained  by  precipitating  hydrochlorato 
of  narcotine  with  platinic  chloride,  taking  care  not  to  add  an  excess  of  the  latter. 
It  separates  in  yellow  flocks  or  as  a yellow  crystalline  precipitate  containing  16*80  per 
cent,  platinum  (lllyth),  15*96 — 15*72  (Wert he im),  16*89  (Regnault),  16*88 (How), 
the  above  formula  requiring  16*99  per  cent. 

lodomercurate. — lodomercurate  of  potassium  throws  down  from  bydrochloratc  of 
narcotine,  a yellowish-white  powder  contuining  2 at.  mercury  (Hg  « 100)  and  3 at, 
iodine  to  1 at.  narcotine.  (Groves,  Chem.  S^.  Qu.  J.  xi.  97.) 

Phoap  hate  of  nareotineia^  turpentine-like  mass  containing  crystals  (Br  a n d e s). 

Sulphate. — A solution  of  narcotine  in  dilute  sulphuric  acid  yields  by  evaporation 
a viscid  substance  which  gradually  hardens ; it  dissolves  in  water  without  decomposi- 
tion. 

Sulphonarcotide,  C**H**N*S0‘*  (?)  is  a product  of  the  decomposition  of  sulphate 
of  narcotine  (p.  26).  When  narcotine  moistened  with  water  is  heated  with  dilute 
sulphuric  acid,  a solution  is  obtained  which,  when  more  strongly  heated,  assumes  a 
dark-green  colour  and  ultimately  thickens.  No  gas  is  evolved.  On  diluting  with  water 
and  tailing,  nearly  the  whole  dissolves,  and  the  liquid  on  cooling  deposits  an  amor- 
phous powder  of  a deep  green  colour.  It  appears  to  contain  the  elements  of  neutral 
sulphate  of  narcotine  minus  2 at  water : 

C“H«N»SO'*  - 2C”H"NO^H=SO•  - 2H=0 
It  gave  by  analysis  59*1  per  cent  C,  5*3  H,  and  3*6  S,  the  formula  requiring  69*6  0, 
6*0  H,  and  3*6  8, 

Sulphonarcotide  is  not  attacked  hy  ammonia.  It  dissolves  in  potash,  forming  a brown 
liquid  from  which  acids  reprecipitate  it  with  green  colour.  Boiled  with  nitric  acid,  it 
yields  sulphuric  acid  and  a yellow  substance  soluble  in  ammonia.  (Laurent  and 
Oerharclt,  Ann,  Ch.  Phys.  [3]  xxiv.  112.) 

IVASTtrSJLXr,  Syn,  with  Pitcublbxdb. 

ITATRXITIIK.  Syn.  with  SoDivu. 

IVATROCA&CXTB.  Impure  carbonate  of  calcium,  occurring  at  Sangenhausen 
in  pseudomorphs  aflerGay-Lussite.  Marchand(J.  pr.  Chem.  xIvl  95)  found  in  these 
crystals  94*37  calcic  carbonate,  1*16  alumma  and  ferric  oxide,  2*02  calcic  sulphate,  1*10 
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clar,  and  1-34  water  99*98).  A variety  containing  barytic  sulphate  has  been 
call^  neotypf  by  Breitiiaupt.  Sp.  gr.  2*82 — 2*88. 

VAXltOXtZTB.  8oda~mf$ottfp€.  Ffuthft  efolUe,  Varietioa:  Bergmannite {Spreu^ 
9t€tn)t  LehuntiU,  Breticite.-^T)n%  mineral  forms  trimetric  prisms  with  p^Tamidal 
summits,  exhibiting  the  combination  o»P  . P . J P ; also  with  Poo . Ratio  of  axes, 
a'.h’.  e — 0*7165  : 1 : 1*0176.  Angle  »P  : ooP  »»  91®.  Cleavage  perfect  parallel 
to  odP.  The  crystals  are  tisually  slender,  often  acicular,  frequently  interlacing,  diver- 
gent, or  stellate.  It  also  occurs  fibrous,  radiating,  and  massive.  Hardness  » 5 to  5 5. 
Sp.  gr.  i*  2*17  to  2*24.  Transparent  to  translucent.  Lustre  vitreous.  Colourless,  grey, 
yeLow,  sometimes  red  orpale  green.  Streak  white.  Fracture  concholdal.  Brittle. 

Anclgsf$:  a.  From  Hohentwiel  in  the  Hiigau  (Klaproth.  Britriige,  v.  44).— 
5.  Auvergne:  crystallised  (Fuchs,  Schw.  J.  viii.  353). — e.  Tyrol:  massive,  fibrous, 
reddish-white  (Fuchs,  ibid.). — d.  Trezza,  near  Aci  Gastello  in  Sicily:  white,  spherical 
concentrically  fibrous  masses  tS,  v.  Waltershuusen,  yu/l’nnhch^  Ses/W/ie, p.  *269). — 
e.  Brevig  in  South  Norway:  the  so-called  BrevictU:  crystallised,  according  to  G.  Rose, 
in  the  form  of  natrolite  (Scheerer,  Po^.  Ann.  Ixv.  276 ; Lxxxix.  26  ; cviiL  4,  6). — 
y.  BergmanniU,  from  Brevig:  reddish-wnite  (Scheerer). — g.  Radiolite,  from  Brevig 
(Scheerer). — k.  IjfhuntiU  from  Antrim  in  Inland  (Thomson,  Mineralogg^  i.  388), 


a. 

b. 

c. 

d. 

e. 

/• 

r* 

h. 

Silica  . 

. 4800 

48-17 

48  63 

43-68 

47-16 

47-97 

48-38 

47-33 

Alumina 

. 24-26 

26-61 

24-82 

27-77 

26-13 

26*66 

26-42 

24-00 

lame  . . 

. . 

0-17 

1-73 

0-53 

0-68 

0-44 

1-62 

Soda 

. 16-50 

16-12 

15  69 

12-23 

16  60 

14-07 

13-87 

13-20 

potash  . 

• • 

. , 

3-61 

, , 

1-54 

W»t.r  . 

. 9-00 

9-13 

9-60 

11-27 

9-47 

9-77 

9-42 

13-60 

Ferric  oxide  . 

1-76 

, , 

0-21 

, , 

0-53 

0-73 

0-24 

. 

lUgDnU 

. . 

. . 

. . 

0-29 

. . 

. . 

. . 

99-50 

100-10 

98-95 

100-68 

99-42 

99  88 

100-31 

99-65 

The  analyses  a—g  may  be  represenedby  the  formula  Na*0.Al‘0’.3Si0*.2H*0,  which 
is  that  of  a hydrate  so^-labradorite  (iiu  450) ; if  the  water  be  regarded  as  basic,  it 

may  be  reduced  to  that  of  an  orthosilicate  (Na’AiI*H^)Si*0'*.  Lfhuntite  (A),  so  far 
as  the  analysis  can  be  depended  upon,  appears  to  be  the  same  with  1 at.  water  addi- 
tional. 

An  iron^natroliU  having  the  alumina  partly  replaced  by  ferric  oxide,  and  the  soda 
by  ferrous  and  manganous  oxides,  occurs,  together  with  brevicite,  at  Brevig  in 
Norway,  in  dull  gnen,  opaque,  prismatic  crystals  and  semi-c  r^'stalline  plates  containing 
46*54  per  cent,  euica,  18*94  alumina,  7*48  ferric  oxide,  14*04  soda  with  a little  potash, 
2*40  ferrous  oxide,  0*55  manganous  oxide,  and  9*37  water. 

Natrolite  occurs  in  cavities  in  amygduloidal  trap,  basalt,  and  other  allied  rocks ; also 
in  seams  in  granite  or  gneiss.  It  is  sometimes  altered  to  prebnite. 

WATROV.  Native  carbonate  of  sodium,  Na’CO*.10HH)  (see  Cabboxatu,  i.  794). 
yatron  is  also  the  German  name  for  soda. 

WATSOir-SPOOVBKKVS.  Syn.  with  OuoocLASlk 

V AX7BCAJS  V IT  A Native  selenide  of  silver  (see  Silver). 

STECTAR.  The  sweet  juice  which  collects  in  the  nectaries  or  discs  of  various 
flowers  It  appears  to  be  chiefly  a solution  of  cane-sugar  and  uncrystallisable  sugar. 

SfES2>A£-ORB.  Native  sulphide  of  bismuth,  lead,  and  copper  (see  Acictutb, 
i.  37). 

VRSRAR-SPAR.  A variety  of  Arragonite. 

1TRVREB-8TORR.  See  ScOLXCTTS. 

REV  REIVE.  Syu.  with  Nkfhei.ix(p.  30). 

ROaCAZ.XTB.  Syn.  with  Brucite  (i.  684). 

VEOCTB8R.  See  SooBonm. 

VBOEITB.  A mineral  occurring  in  mines  at  Arendal  and  Eisenach,  in  stellate 
poupa  of  silky  fibres,  also  massive,  with  green  colour  and  silky  or  earthy  lustre. 
Hardness  - 1 to  2.  Specific  gravity  - 2 77  (perfectly  dried).  The  following 
analyse*  are  by  Scheerer  (Pogg.  Ann.  Imi.  285): 


SIO>. 

Mg’O. 

Fe*0. 

MnJO. 

C*50. 

H*0. 

1. 

Arendal 

52-28 

7*33 

31-24 

3*79 

0-89 

0-28 

404 

- 99-85 

2. 

47-35 

10*27 

24-73 

7*92 

2 64 

6*28 

= 99-19 

3. 

Eisenach 

51-25 

9*3*2 

2«  92 

0*80 

1 02’ 

6*50 

- 99-71 
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NEOPLASE— NEPHELIN. 


The  mineral  may  be  regarded  aa  a mixture  of  the  isomorphous  compounds 
6R’0.6Si0*.2H*0  and  6R*0.4All’0*.2H*0,  the  alumina  and  silica  replacing  one 
another  in  the  proportion  of  2iVll’0*  to  3SiO*  (see  iii.  433). 

Neolito  is  a recent  formation  produced  by  tue  agency  of  infiltrating  waters  passing 
over  roclcB  containing  magnesia. 

srSOPZh&SS.  Native  furroao-ferric  sulphate  found  at  Fuhlun  in  Sweden : syn. 
with  Botbyoobn  (i.  651). 

xrsOTOXZTS.  A black  or  brown-black  amorphous  mineral,  occuring  at  Gaa- 
bole  in  Finland,  and  apparently  produced  by  the  weathering  of  other  minerHls.  Con- 
tains, according  to  Igelstrdm,  3o  69  per  cent,  silica,  25*08  ferric  oxide,  2412  manganic 
oxide,  0*40  alumina,  2*90  magnesia,  0*55  lime,  and  10*37  water  (=  99*11).  When 
heated  before  the  blowpipe,  it  gives  off  water,  but  does  not  fuse.  {liammtUbcrg' a 
Minerakhemift  p.  864.) 

SVBOTTPS.  A variety  of  natrocalcite  containing  baryta  (p.  28). 

VBPBSltXBT.  Sommite^  Cavolinite^  Bcudanite. — Elaolitr^  Fdtatnn^  Pit^rre 
graaae.  A silicate  occurring  in  prisms  belonging  to  the  hexagonal  system,  and  exhibit- 
ing the  combination  oo  P . oP  . F (fig.  240,  ii.  139),  mostly  however  wtliout  P ; occa- 
sionally also  with  the  faces  obP2,  ccP|,  and  others.  For  P,  the  length  of  the  vertical 
axis  is  0*8376.  AngleP:  P in  the  terminal  edges  — ;139®  19';  in  the  lateral  6'. 

Cleavage  imperfect  parallel  to  oP  and  ooP.  Also  massive,  compact,  and  thin  columnar. 

Hardness  * 6*6  to  6,  Specific  gravity  2*5  to  2*64.  Lustre  vitreous  to  greasy. 
Colourless,  white,  or  yellowish;  the  massive  rarietics  also  dark  green,  greenisli  or 
bluish-grey,  brownish  and  brick-red.  Transparent  to  opaque.  Fracture  sul^nchoidiil. 
Brittle. 

The  name  nephdin  includes  the  colourless  crystallised  varieties ; el<goUte,  the  coarse 
massive  varieties,  with  a greasy  lustre. 

Before  the  blow-pipe,  nephelin  melts  with  difficulty  to  a vesicular  glass;  eloeolito 
easily.  Both  dissolve  slowly  in  borax,  and  give  with  cobalt-solution  a greyish-blue 
colour  on  the  fused  edge.  Both  gelatinise  easily  in  aciils. 

Analgaca. — 1.  Of  N ephelin.  a.  From  Vesuvius  (Scheere  r,  Pogg.  Ann.  xlvL  291 ; 
xlix.  359). — b.  From  the  dolerite  of  the  Katz^  nbuckel  in  the  Odenwald  (Scheerer, 
loc,  cit,). — r.  From  Lbbau  in  the  Lausitz  (H  eidepriem,  J.  pr.  Chem.  1.  600). 

2.  OfElaeolito.— a.  From Fredriksvam  in  Norway  (Scheerer,  loc.cii.).—b.  Brevig 
in  Norway  (Scheerer). — c.  Minsk  in  the  Ural  (Scheerer). — d.  Magnet  Cove,  Arkan- 
sas (Smith  and  Brush,  Sill.  Am.  J.  [2]  xvi.  3C5): 

I^fphtUn.  EtteolUc. 


rt. 

t. 

c. 

.. 

b. 

c. 

d. 

Cretn. 

Brown. 

Brown. 

White. 

Fle*h- 

red. 

Silica 

. 44*04 

43-70 

43-50 

45-23 

46-53 

44-40 

44-18 

44*46 

Alumina  . 

. 34  06 

32-31 

32-33 

32*66 

32-06 

31-84 

33-18 

30*97 

Ferric  oxide 

. 0*44 

1-07 

1-42 

0*56 

1-41 

1-11 

0-69 

2 09 

Soda  . 

. 15*91 

lft-83 

14-13 

15*71 

15-97 

16-71 

16-86 

16*61 

Potash 

. 4*52 

6-60 

6-03 

6*06 

4-76 

6-17 

6-75 

6*91 

Lime  . 

2*01 

0-84 

3-85 

0*33 

0-40 

0-28 

0-29 

0*66 

Magnesia. 

. . . 

, . 

0-11 

, , 

• • 

007 

, . 

Water 

, 0*21 

1-39 

0-32 

0*61 

0-78 

2-07 

0-46 

0*95 

101-19 

100-74 

100-39 

100-76 

100-91 

100-64 

100-47 

100*66 

Scheerer  found  also  a trace  of  sulphuric  acid  in  nephelin ; Bromcis  found  a trace  of 
chlorine. 

The  preceding  analyses  load  to  the  formula  4M*0.3Si0*  + 2(2Al*0\3Si0^)  =» 
giAlra'«o“,  or,  as  most  of  the  analyses  give  1 atom  potash  to  3 atoms  soda, 

Si*All*(JK.jNa)*0“.  The  quantity  of  lime  is  variable  and  insignificant. 

Nephelin  occurs  in  crystals  in  the  older  lavas  of  Ve‘»uviu»,  with  mica,  idocrase.  &o.  ; 
also  at  Cape  di  Bove  near  Rome,  and  the  other  localities  above  mentioned.  Elseolite 
-is  found  imbe«lded  in  the  zircon-syenite  of  Brevig.  Stavem,  and  Fredericksvam  in  Nor- 
way ; also  with  felsjvir,  mica,  zireon,  pyrochlore,  &c.,  in  the  Ilmen  mountains  in  Sil^eria; 
also  at  Litchfield,  in  the  State  of  Maine,  with  cancrinite;  and  in  the  Ozark  mountains, 
Arkansas,  with  brookite  and  sch<Tlemite. 

Nephelin  and  elieolite  easily  undergo  tdteration,  producing  zeolites,  such  as 
Bei^annite  or  Thomsonite;  the  large  amount  of  soda  iu  these  mineruls  fits  them 
especially  for  this  mode  of  transformation. 
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Giesfckite,  a mineral  occurring  in  grocniMh*grcy  wix-sided  prisms  hnrinc  a groa.<*y 
lufitre,  has  been  shown  by  Blum  lo  be  a pseudomorph  after  this  species,  diirering  from 
it  merely  in  containing  4’8d  per  cent,  water.  Blum  also  considers  liehmfrtte  (iii.  689) 
as  a similar  pseudomorph.  Elseolite  has  been  obserre<l  altered  to  mica. 

VSPB&XTB.  Jade  in  part,  BeU^tcin. — A hard,  compact,  light  green,  bluish,  or 
whitish  stone,  translucent,  tougli,  breaking  with  a splinter^'  fracture  and  glistening  sur- 
face. Hardness  — 6 — 7.  Specific  gravity  m 2'9 — 3’1.  It  belongs  to  the  horn- 
blende family,  but  varies  in  composition,  and  is  not  a distinct  miuenil  species. 

AhoJi/m:  n,  6, c.  From  the  East:  a.  Kastner  (Gehicn’s  J.  ii.  469).— 6.  Schaf- 
hautl,  Ann.  Ch.  Pharm.  xlvL  338). — c.  Kammelsberg  (Pogg.  Ann.  UiL  148).— 
d.  Damour,  Ann.  Ch.  Phys.  [3]  xvi.  469). — r.  Schocrer  (Pogg.  Ann.lxxxiv.  379). — 
J.  From  ^ew  Zealand:  Bunama  slmu;  green  (ScJicerer,  loc.  c/7.): 


a. 

b. 

c. 

d. 

e. 

/• 

Silica  . 

. 60-50 

68-88 

64-68 

68-24 

67-38 

67-10 

Alumina 

. 10-00 

1*56 

0-68 

0-72 

Ferrous  oxide 

. 605 

2*53 

2-16 

i-14 

1-36 

3-39 

Manganous  oxido  . 

0*80 

1-39 

Magnesia 

31-00 

22*39 

26-01 

27-14 

26-88 

23-29 

Lime  . . . 

12*51 

16-06 

11-94 

12-20 

13-48 

Potash 

0*80 

Water  . 

! 2-76 

0*27 

068 

, , 

2-f>5 

2-50 

Chromic  oxide 

. 0-05 

99-36 

99-74 

100-97 

98-46 

100-04 

100-48 

If  the  first  analysis  be  left  out  of  consideration,  nephrite  appears  to  have  nearly 
the  composition  of  tremolite  (see  Hobxblkxdb,  iii.  169). 

Nephrite  wcurs  in  connection  with  talcoso  rock  or  slate  and  granular  limestone.  In 
Cliina,  New  Zealand  and  North-west  America,  it  is  worked  into  images  and  ornaments. 
The  name  is  from  a kidney,  the  stone  having  been  formerly  supposed  to  be  a 

core  for  dise^tat  s of  the  kidney. 

rat01.X,  on  or  BBSXBCB  or.  Oil  of  Orange.fiowers.—K  volatile  oil 
obtained  by  distilling  omnge-flowers  with  water.  It  is  nearly  coloiirfcss  when  fresh, 
but  soon  toms  red  on  exposure  to  light.  According  to  Soubeiran  and  C a p i t a i n e 
(J.  Pharm.  xvii.  619X  it  is  composed  of  two  distinct  <»ils,  one  of  which  has  a very 
fragrant  odour,  and  dissolves  abundantly  in  the  orange-flower  water  which  passes  over 
in  the  distillation,  while  the  other  is  nearly  insoluble  in  water,  and  occurs  only  in  the 
oily  portion  of  the  distillate.  The  first-mcntiontnl  oil  is  reddened  by  sulphuric  acid, 
and  communicate.8  this  property  to  the  entire  essence.  According  to  Dobereiner,  oil 
of  neroli  produces  a peculiar  acid  by  contact  with  platiuum-bluck.  Nitric  acid  colours 
the  oil  brown. 

}itT(^i-camfhor,  According  to  Boullay  (J.  Pharm.  xiv.  496)  and  PHsson  {ihid. 
XV.  152,  XX.  63),  oil  of  nerrdi  mixed  with  alcohol  of  90  per  cent,  deposits  a solid  sub- 
stance melting  at  60®,  insoluble  in  w.'tter,  sparingly  soluble  in  l>oiHng  absolute  alcohol, 
verv  soluble  in  ether.  Boullay  and  I’lisson  found  in  it  83*76  f>er  cent,  carbon,  15*09 
hy«lroge!l,  and  1*15  oxyg^m ; it  is  probably  a hydrocarbon. — For  further  details  n*- 
specting  the  oil  and  camphor,  see  GmelivLS  Handhovk,  xiv.  386-388. 

WSKVOira  TXSSTTB.  (Vauquelin,  Ann.  dumus.  d'hist.  nat.  1811,  p.  212. — - 
Couerbe,  Ann.  Ch.  Phys.  [2|  Ivi.  164. — Yr^my,  ibid,  [31  ii.  463. — Lassaigno, 
J.  Chim.  mc*d.  [2]  i.  344. — \ . IHbra,  VntrrBuchur.gm  fihi  r das  Grhim  dea  Maiachcn 
und  df.T  Wirb<hhuT€, — W,  Muller,  Die  chem.  Bcatandth.  dea  G(hirna, — Breed,  Ann. 
Ch-  niarm.  Lxxxiii.  p.  124.) 

The  nervous  system  of  the  higher  animals  is  composed,  for  the  most  part,  of  nerve- 
fibres  and  nerve-cclls  or  nerve- vesicles,  the  former  being  found  in  the  nen*es,  and  in 
the  "white  matter”  of  tho  brain  and  spinal  cord,  the  latter  in  the  “grey  matter”  of 
the  same,  in  the  ganglia,  and  in  some  of  the  peripheral  organs  of  sense.  The  peculiar 
**  electric  organs”  of  certain  fishes  must  be  considered  as  part  of  the  nervous  system  (see 
EnscTRicfTY,  ii.  476).  The  ncrvo-fibre  consists  of — 1.  A "sheath,”  probably  analogous 
in  nature  to  ebistic  tissue. — 2.  A hollow  crUnder  or"  me<lallary  sulwiance,”  a mixturt^ 
of  some  form  of  albumin  with  various  fatty  bodies,  having  a liomogcneous  appearance 
during  life,  and  undergoing  a kind  of  coagulation  after  death. — 3.  A central  stem  or 
"axis-cylinder,”  composed  of  some  protein-compound  or  compounds  with  little  or  no 
fat,  thought  by  many  to  bo  fluid  during  life  and  to  ctMgulate  sf>ontjineouaW  at  death. 
T*hcre  are  also  other  " gelatinous  ” fibres  having  a different  structure.  The  typical 
nerve-vesicle  consists  of 1.  An  envelope  probanly  continuous  and  identical  in  nature 
with  the  nerve-sheath. — 2.  A nucloiiH  (with  nucleoIu.s).-  3.  "Contents,”  probably 
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composed  of  some  protein-substance  with  fottj  and  other  granules.  The  vesicles  or 
cells  vary,  however,  exceedingly  in  form,  sire,  &c. 

The  reaction  of  living  nerve  is  during  inaction,  neutral  (amphichromatic) ; during 
strong  action,  acid  ; the  reaction  of  dead  nen*e  is  acid  (Funke,  Arch.  Anat.  Phys. 
1859,  p.  835).  Du  Boia-Ueymond  found  the  electric  organs  of  Malaptrrurujt 
neutral  immediately  after  death,  but  becoming  acid  on  the  tliird  day  {ibid.  p.  847), 
Nerve-substance,  unlike  muscle-substance,  becomc.s  acid  when  boiled. 

The  specific  gravity  of  the  “white  matter”  is  1041,  of  the  “grey”  1‘034. 

Fr4 my  represents  100  pts.  of  cerebral  substance  as  consisting  of  80  water,  5 fat, 
7 albumin,  and  8 extractives  and  salts,  v.  Bibra  gives  75  6 percent  water,  and  from 
12  to  16  per  cent.  fat.  The  “ white  matter  ” contains  less  water  than  the  “ grey,”  the 
mean  of  the  former  being  73  per  cent.,  of  the  latter  85  per  cent  The  “white”  is 
richest  in  fat,  possessing  14  8 per  cent,  while  the  “grey”  has  only  4 7 per  cent. 
(Lassaigne).  According  to  v.  Bibra,  the  spinal  cord  contains  less  water  and  more  fat 
than  the  brain,  rix.  66  per  cent,  of  water  and  25  per  cent  of  fat,  while  the  nerves  again 
have  less  water  and  more  fat  than  the  spinal  cord,  though  the  quantities  seem  to  vary 
excessively.  Scblossberger  (Muller's  Arch.  1868,  p.  309)  gives  the  brain  of  foetus 
as  containing  from  87*9  to  92  6 per  cent  of  water  and  from  16  to  37  per  cent  of  fat, 
results  very  closely  agreeing  with  those  of  v.  Bibra. 

In  100  pts.  of  fresh  brain,  Breed  found  0 027  ash,  in  100  pts.  of  which  were:  — 


Phosphate  of  Potassium  . 

. .^6-24 

Chloride  of  Sodium  . 

. 4 74 

„ „ Sodium 

. 22-93 

Sulphate  of  Potassium 

. 1-64 

„ Iron  . 

. 1-23 

Phosphoric  acid  (free) 

. 915 

„ „ Calcium 

1-62 

Silicic  acid 

. -42 

„ „ Magnesium  . 

. 3-40 

No  department  of  physiological  chemistry  has  been  so  little  studied,  or  studied  with 
so  little  profit,  as  that  of  the  nervous  tissue.  Exact  knowledge  concerning  the 
protein-compounds  in  it  is  wholly  wanting.  The  substance  forming  the  axis-cylinder 
seems  to  belong  to  the  same  series  as  fibrin  and  syntonin  (myosin) ; it  differs  from  the 
former  by  its  insolubility  in  a solution  of  nitre,  from  the  latter  by  its  insolubility  in 
dilute  acids.  The  protein  constituent  of  the  medullary  substance  and  of  the  cell-con- 
tents seems  to  be  some  form  of  soluble  albumin.  It  has  been  thought  to  be  casein. 
Our  acquaintance  with  the  peculiar  fatty  bodies  is  also  very  unsatisfactory.  Be  sides 
cholesterin,  which  occurs  to  the  ex'tent  of  20  per  cent,  of  total  fut  (v.  Bibra),  olein, 
stearin,  and  palmittn,  there  have  been  obtained  various  bodies  whose  nature  is  much 
disputed,  (^e  Ckrkorotb,  CsPHaLOTB,  Myblin,  Stkabocoxotb,  Cbrkbbin,  Cbbbdbic 
Acto,  Olboprosfhobic  Acid,  Oltcbbophosphobic  Acid,  Lbcithik.) 

W.  Muller  found  in  human  brain  a small  quantity  of  creatine,  0 05  grm.  in 
4 pounds ; in  ox-bmin  be  found  no  creatine,  but  a IxxIy  resembling  leucine,  together 
with  uric  acid  and  xanthine  or  hypoxanthine.  He  also  found  in  the  same  brain  a 
very  considerable  quantity  of  inosite,  20  grms.  in  50  pounds.  Both  v.  Bibra  and 
W.  Muller  found  lactic  acid,  the  latter  obtaiuing  12  grms.  from  50  pounds.  Lorenz 
(Henle.-Metssner,  1859,  p.  290)  found  no  creatine,  leucine,  inosite,  or  lactic  acid; 
he  obtained,  however,  both  xanthine  and  hypoxanthine.  Herz  {ibid.  1860,  p.  311) 
corroborates  Miiller.  M.  Schultre  found  urea  and  creatinine  in  the  electrft  organs 
of  the  torpedo.  Formic  and  acetic  acid  are  said  to  be  obtained  by  distillation  of  the 
watery  extract  of  brain.  The  presence  of  the  above  crystailiue  bodies  indicaU'S  a 
metamorphosis,  very  similar  to  that  which  probably  takes  place  in  muscles ; but  we 
know  nothing  of  the  various  steps.  The  large  amount  of  phosphorus  in  nervous 
tissue  (1'388 — 1 79  per  cent,  of  ary  brain-substance  acconliug  to  Borsarelli)  ha.s 
prompted  many  to  attribute  much  to  that  particular  element.  Mental  effort  is 
said  to  increase  the  phosphates  of  the  urine;  but  whether  directly  or  indirectly  is 
uncertain. 

Neukomm  (Arch.  Anat.  Phys.  1860,  p.  1)  found  in  human  brain  in  various 
diseases,  leucine,  creatine,  and  inosite,  the  latter  at  times  in  very  notable  quantitic.s. 
Tynaiine  was  invariably  absent  Orohe  (Med.  Centr.  1864,  p.  870)  found  glycogen 
(without  sugar)  in  the  brain  of  a diabetic.  M.  F. 

VBUBOlZTE«  A fibrous  mineral  from  Stamstead  in  Lower  Canada,  containing, 
according  to  Thomson,  73  00  per  cent  silica,  17'35  alumina,  3 25  lime,  15  magnesia, 
and  4 3 water. 

VEWTAKSKITB.  Syn.  with  iBxnosifixB  (Hi.  324). 

HBWXZRXXTB.  Manganic  hydrate  (iii.  810)  from  Neukirchen  in  Alsac% 
where  it  forma  a coating  on  r^  bsemAtite. 

inCBBIt  See  C^LOBomcBtc  Ann  (i.  921). 
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irZCKSX.  8^mboUnnA  Atomic  Weights,  Kx  » 29‘37;Nm  » 6874. 

This  niftal  is  clwe-ly  allied  to  iron  and  cobalt,  and  ia  associated  Trilh  them  in 
meteorites  as  well  as  in  most  of  its  terrestrial  ores.  The  principal  ore  of  nickel  is 
the  proto-arsenide,  Nni^As,  a copper  coloured  mineral,  to  which  tho  German  miners, 
haring  in  vain  attempted  to  extract  copper  from  it,  gave  the  name  of  kupfer-nickel^ 
or  falM  copper.  This  mineral  was  found  bj  Cronstedt,  in  1761,  to  contain  a peculiar 
metal  which  ho  called  nickel. 

Nickel  also  occurs  os  diarsenido  {tchiU  nickel  pyntrs  or  cloanthite) ; arsenate 
{nich l-bloom  or  annahcrgitr)\  antimonide  {brcithavptUe)\  ursenio-sulphide  {gers^ 
dorfite  or  nickelglance)\  antimonio-sulphido  {ullmanite)\  as  oxide,  sulphide  {capil- 
/cry  pprita  or  millerite),  sulphido  of  nickel  and  bismuth  {grunauiU),  sulphide 
of  nickel  and  iron ; carlranate  {emerald-nickel),  sulphate  {pyromelin)  and  silicate 
{pimHite). 

Preparation. — Principallj  from  copper-nickel  and  from  epeiss.  Speiss  is  a deposit 
formed  in  tho  pots  in  which  roasted  arsenide  of  cobalt  mixed  with  copper-nickel  is 
fused  with  carbonate  of  potassium  and  pounded  quartz,  for  tho  preparation  of  smalt  in 
the  blue-colour  works;  it  collects  below  the  blue  glass  in  the  form  of  a metallic 
alloy,  the  nickel  not  oxidising  so  easily  in  roasting  as  the  cobalt.  It  contains,  besides 
nickel,  principally  iron,  cobdt,  manganese,  bismuth,  antimony,  arsenic,  and  sulphur. 
The  following  arc  some  analyses  of  speiss:  a.  of  unknown  origin  (Berthier);  6. 
from  Bohemia  (Anthoo,  J.  pr.  Chem.  ix.  12);  c.  from  Hcnningcr's  German-silver 
works ; this  sample  has  been  previously  purified ; its  structure  was  coarsely  laminar. 
(Francis,  Pogg.  Ann.  1.  519.) 


Ni.  Co.  Fe.  Cu.  B[.  Sb.  At.  S.  Stud. 

а.  49*0  32  . . 16  . . trace  37’8  7‘3  06  - 100-0 

б.  36-2  1-3  1-1  1-6  21-5  . . 29  9 6 9 . . = 98*4 

c.  62-6  3-3  10  1 34-1  1 0 . . - 101 


The  copper-nickel  or  the  speiss  ts  generally  roasted  in  a state  of  powder  (at  a gcntln 
heat  at  first,  to  prevent  it  from  baJung  together),  whereby  the  greater  part  of  the 
arsenic  is  removed,  the  nickel  oxidated,  and  a saving  of  nitno  acid  thus  effected  in  the 
subsequent  treatment.  Since,  however,  the  roasting  process  leaves  a portion  of  the 
arsenic  combined  with  the  nickel  in  the  form  of  arsenic  acid,  the  roasted  ore  must  bo 
several  times  intimately  mixed  with  charcoal  dust  and  again  roasted,  as  long  us 
vafiours  of  arsenic  continue  to  bo  evolved.  Erdmann  moistens  the  roasted  speiss  wntli 
water  and  places  it  in  a cellar  for  some  time,  whereby  it  is  rendered  moro  cosily 
soluble. 

Th<?  further  separation  of  the  arsenic  and  other  metals  may  bo  cffi.'ctod  by  one  of 
the  following  processes: 

1.  Laugier  dissolves  the  roasted  coppcr-nickel  or  the  speiss  in  nitric  acid,  passes 
sulphuretted  hydrogen  through  tho  dilute  acid  solution  till  all  the  arsenic,  copper, 
bismuth,  and  antimony  are  precipitated ; then  filters ; precipitates  all  the  iron,  cobalt, 
and  nickel  with  nirbonate  of  sodium ; washes  the  precipitate  thoroughly,  and  treats  it 
first  with  oxalic  acid  and  then  with  ammonia,  as  described  with  reference  to  the  prepara- 
tion of  cobalt  (i  1040),  repeating  the  solution  of  the  nickel-oxalate  in  aqueous  ammonia, 
till  the  liquid  which  stands  above  the  resulting  precipitate  no  longer  exhibits  a rose* 
colour,  and  is  almost  wholly  free  from  cobalt 

2.  BertWer  dissolves  roasted  speiss  or  roasted  copper-nickel  — together  with  the 
quantity  of  iron  found  by  previous  experiments  to  l»e  necessary  for  tho  separation  of 
the  arsenic  acid — in  boiling  nitromuriatic  acid  containing  excess  of  nitric  acid; 
evaporates  the  solution  to  dryness ; treats  tho  residue  with  water,  which  leaves  a largo 
quantity  of  ferric  arsenate  undissolved : and  adils  carbonate  of  sodium  to  the  filtrate, 
stirring  all  the  while,  till  the  precipitate  begins  to  exhibit  a green  tint : the  whole  of 
the  ferric  arst-oate  is  thereby  thrown  down,  together  with  part  of  the  cupric  oxide.  If 
the  precipitate,  which  is  white  at  first,  does  not  ultimately  turn  brown,  it  is  a sign  that 
the  quantity  of  ferric  oxide  present  is  not  suflleiont  to  carry  down  the  arsenic  acid 
with  it;  cons«<|Ueotly,  more  ferric  chloride  must  be  added,  and  tho  ferric  oxide 
again  cautiously  precipitated  by  carbonate  of  sodium.  The  filtrate  is  next  treated  with 
sulphydric  acid  to  precipitate  the  rest  of  the  copper;  the  liquid  filtered  from  the 
sulphide  of  copper  is  completely  precipitated  at  a boiling  heat  by  carbonate  uf 
soiiium ; the  precipitate,  consisting  of  the  carbonates  of  nickel  and  cobalt,  thoroughly 
Washed  and  diffused  in  water;  chlorine  gas  passed  through  the  liouid  as  lung  as  it  is 
absorbed;  the  solution  expos^  to  the  air  to  allow  the  excess  of  chlorine  to  evaporate, 
and  then  filtered.  The  filtrate  contains  chloride  of  nickel  free  from  cobalt;  it  may  bo 
precipitated  by  an  alkali. 

3.  Boosted  speiss  is  digested  in  hydrochloric  acid,  which  leaves  nothing  undissolved 
but  3 or  4 per  cent,  of  sulphur,  and  a few  granules  which  have  retained  their  metallic 

Voi-  IV.  D 
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KtAto;  tbc  liquid  is  diluted  with  water,  and  separated  by  6Uralion  from  the 
precipitated  oxychloride  of  biMnnith  ; iho  iUtnite  lusted  to  the  boiling  point ; aqueous 
ferric  chloride  added  to  it,  an<l  then  milk  of  lime  in  small  portions — tliu  boiling 
being  still  continued— till  a ftlter*‘d  sample  exhibits  no  longer  a palo  grt*en,  but 
bluish-grt'en  colour,  and  gives  witli  potash  a precipitate,  which,  when  lieated  on 
charcoal  befuro  the  blowpi{>e.  yields  an  infusible  muss  of  spongy  nickel.  As  long  as 
the  reduced  nickel  continues  fusible,  arsenic  is  pn*sent,  and  further  addition  of  lime  is 
necessary  ; it  is  la*st  to  add  the  lime  in  slight  excess,  in  onler  to  insure  the  complete 
M'^iaration  of  tho  arttcoic.  The  liquid  is  then  filtered,  and  tlio  nickel  prc'cipitated  by 
milk  of  lime  free  from  iron.  (Krdiuunn.) 

4.  Uuroiisted  speiss  is  fu.sed  with  sulphur  and  carbonate  of  potassium,  as  describoti 
for  the  preparation  of  cobalt  (i.  1040,  4) ; and  the  n'sultiug  sulphide  of  nickel  (which 
ap(X‘ars  free  from  arsenic  after  one  such  fusion  and  subsequent  wasliing  with  water) 
is  dissolved  in  nitric  acid  or  a mixture  of  nitric  aud  sulphurk  acids,  and  subj(>ct<Kl  tr> 
further  treatment  for  tho  separation  of  bismuth,  copper  and  cobalt,  as  described  under 
Cobalt.  (Wohler,  Pogg.  Ann.  vi.  227.) 

6.  Thomson  (Ann.  Phil.  xiv.  144)  digests  pounded  speiss  in  dilute  sulphuric  acid, 
frequently  adding  pitric  acid  us  long  as  any  action  is  thereby  produced;  then  decants 
the  green  solution  from  the  arsenious  acid  whicli  separates ; and  after  evaporation  and 
cooling,  adds  to  the  solution  eit)u*r  sulphate  of  ))otassium,  or  a quantity  of  carbonate 
equal  to  half  the  weiglit  of  the  Bjtciss.  The  bquid,  after  conceutmtion  and  repose, 
deposits  ciystals  of  niccolo*pota&>ic  sulphate,  which  may  be  further  purified  by  a 
Bocond  crystallisation. 

C.  Clooz  (Jahresb.  1857,  p.  019)  dissolves  finely  pulverised  and  perfectly  roasted 
copper-nickel  in  strong  hydrochloric  acid;  mixes  tho  solution  with  excess  of  acid  sul- 
phite of  sodium;  and  boils  till  the  arsenic  acid  is  completely  n-duced  to  arsonious  acid, 
and  the  excess  of  sulphurous  acid  is  driven  ofiT;  then  pa^^es  suipbydricacid  gas  through 
the  lukewarm  liquid  to  precipitate  arsenic,  copper,  antimony,  lead  and  bismuth  ; filters 
the  satunited  liquid  after  twelve  hours’  standing ; evaporates  tho  filtrate ; treats  the 
residue  with  water;  precipitates  iron  and  cobalt  from  tho  filtrate  by  carbonate  of 
barium  or  calcium,  after  treating  it  with  chlorino  ; an<l  removes  tho  dissolved  baryta  or 
limo  with  sulphuric  acid.  Tho  filtered  liquid  then  yields  with  carbonate  of  sodium  a 
precipitate  of  pure  carbonate  of  nickel,  which  may  bo  ignited  and  reduced.  Tho  solution 
of  speiss  in  mtro-muriatic  acid  may  bo  treated  in  the  same  manucr,  after  the  nitric 
acid  has  been  expelled  by  boiling  with  excess  of  hydrochloric  acid. 

7.  The  following  method  is  adopted  in  a manufactory  at  llirmingham  for  separating 
nickel  aud  cobalt  from  the  Hungarian  6{>eis«,  cuniuiniDg  6 per  cent,  of  nickel  and  3 )>er 
cent  of  cobalt.  The  ore  is  first  fused  with  chalk  and  fluorspar,  the  slag  thrown  away, 
aud  tho  fused  product  is  ground  to  powder,  and  roasted  for  12  hours  in  a rcverbenitory 
furnace,  till  no  more  fumes  of  ursenious  acid  are  given  oflT.  Tho  roasted  product  then 
dissolves  almost  completely  in  hydrochloric  acid.  Tho  solution  is  diluted  with  water, 
mixed  with  chloride  of  lime  to  convert  tho  iron  into  sesquioxido,  and  with  milk  of 
lime  to  precipitate  that  oxide  together  with  tlic  arsenic.  The  precipitate  (which  is  of 
no  further  use)  is  then  washed,  and  sulphuretted  hydrogen  passed  through  tho  clear 
liquid  till  a filtered  sample  gives  a black  precipitate  on  the  audition  of  ammonia.  Tho 
prccipitntcil  sulphides  (which  are  likewise  of  no  further  use)  having  been  washed  with 
water,  tho  solution  is  next  treated  with  chloride  of  lime  to  precipitate  the  cobalt,  and 
then  with  milk  of  limo  to  throw  down  the  nickel.  Tho  eobalt  prccipitnto*i8  converte<l 
cither  into  sesquioxide  by  gentle  ignition,  or  into  protoxide  by  strong  ignition,  and 
sent  into  tho  marked  in  one  or  other  of  these  forms  : it  is  said  to  be  very  pure.  Tho 
precipitated  nickel  is  reduct'd  by  charcoal,  and  sold  to  tho  manufacturers  of  German 
silver.  (Louyet,  J.  I’hiirm.  [3]  xv.  2U4.) 

8.  At  Klefva  in  8weden,  a magnetic  pyrites  containing  copper  and  nickel  is  worked 
for  the  extraction  of  the  latter  metal.  The  ore  after  being  roasted  in  heaps  is  fused  in 
a shaft-fumace,  with  addition  of  quartz.  The  greater  part  of  tho  iron  then  pa.sses  into 
the  slag,  as  silicate,  in  the  treatment  of  cop|>er-ore8  (ii.  24),  and  a matt  is  oUained 
containing  about  0 per  cent,  nickel,  together  with  copper,  iron,  and  sometimes  a littlo 
sulphur.  This  malt  is  n*duced  to  coarse  powder  and  roasted  in  a reverberatory  furnace, 
then  fused  again  in  a sliaft-fumace.  After  a certain  number  of  alternate  fusions  and 
calcinations  thus  conducted,  mutts  arc  obtain<Hl  very  rich  in  nickel,  the  final  product 
being  an  alloy  formetl  of  70 — 80  percent  nickel,  18  — 22  copper,  and  1*5  to  2*5  iron. 
This  alloy  is  broken  up  into  8m.ill  pieces  and  st'nt  into  the  market  ns  “ crystallised 
nickel.”  (Pclouzo  cl  Fr^my,  'rrniU,  3me.  ctl.  iii.  f)30.) 

For  otlver  modes  of  preparation  see  the  work  juat  cited;  also  Gmelin's  Handfjook^ 
V.  355-360. 

In  all  processes  for  obtaining  a pure  aalt  of  nickel,  tho  most  difficult  point  is  the 
rsejxTWtion  of  the  cobalt.  The  raetho<ls  of  sepjiniting  these  two  metals  have  Ix'en 
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abeadjrdescnl>ed  under  Cobai.lt  (i.  1010);  the  best  and  easiest  of  execution  isperliups 
that  of  A.  Stromeyer  founded  on  the  pi\‘cipitation  of  cobalt  bj  nitrite  of  piiuwsium. 
Good  results  are  also  obtained  by  Liebig’s  method  with  cyanide  of  potassium  and  mer- 
curic oxide  (see  further  p.  39),  and  by  that  of  II.  Rose  with  chlorine  and  carbc»nate  of 
barium,  as  in  the  sixth  mode  of  prepanition  above  described,  which  yields  a j>er- 
fectly  pure  salt  of  nickeL 

Hfduction. — A pure  solution  of  nickel  having  been  obtained  by  one  of  the  processes 
above  described,  it  is  precipitated  by  a caustic  alkali  or  alkaline  carbonate;  the  bulky 
precipitate  of  hydrate  or  carbonate  of  nickel  is  carefully  washed ; thru  spread  out  on 
filtcn  to  drj\  and  the  desiccation  is  finishe<l  by  heat.  TIio  dried  precipitate  lh  then 
introduced,  either  alone  or  made  up  into  a stiff  j>astewith  oil,  into  a crucible  lined  with 
charcoal,  and  exposed  to  the  heat  of  a powerful  air-  or  Must-furnace,  whcrc*by  the  metal  is 
obtained  in  the  form  of  a fused  mass.  On  the  large  scale  the  reduction  is  effecterd  by  a 
cementation  process.  A number  of  cylinders  of  refractory  cIj^  are  set  vertically  in  a 
furnace  so  that  the  flame  may  play  round  them  on  all  sides.  They  are  open  at  top  and 
terminate  below  in  truncate  cones,  the  bases  of  which  are  below  the  flre-btii*^, 
and  are  provided  with  apertures  for  removing  the  charge.  The  dried  oxide  of  nickel, 
in  lumps  or  small  cubes  measuring  about  0 02  mm.  in  the  side,  is  mixed  with  pulverised 
charcoal  and  thrown  in  at  the  top  of  the  cylinder,  and  the  fire  is  strongly  ui^kI.  The 
oxide  of  nickel  is  then  decomposed  by  the  heated  carbonic  oxide  in  the  furnace,  the 
reduced  metal  retaining  the  form  of  the  lumps  or  cubes  of  oxide  introduced.  The 
reduced  metal  is  discharged  from  time  to  time  through  the  orifices  in  tho  bottoms  of 
the  cylinders,  a frcsh  charge  being  at  the  same  time  introduced  by  the  top,  so  that  the 
process  is  to  a certain  extent  continuous.  To  ubtaiu  tho  metal  in  ingots,  the  lumps 
formed  as  above  arc  fused  at  the  strongest  heat  of  a forge-fire. 

Metallic  nickel  may  also  be  obtain^  by  igniting  the  oxide  in  hydrogen  gits,  or  by 
beating  oxalate  of  nickel  or  of  nickel-ammonium  under  a layer  of  pounded  glass  not 
containing  any  heavy  metal.  These  processes  yield  it  in  tho  pulverulent  form. 

Nickel  may  be  obtained  in  brilliant  white  Limime  by  tbe  electrolysis  of  an  ammo- 
niacal  solution  of  sulphate  of  nickel  aud  ammonium.  (A.  C.  and  £.  Becquerel, 
Compt,  rend-  Iv.  18.) 

The  nickel  of  commerce  is  seldom  pure.  Lassaigne  found  the  composition  of  three 
samples  from  different  sources  to  be  as  follows : 
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L.  Thompson  (London  Journal  of  Arts,  Feb.  1863,  p.  65)  found  in  various  samples 
of  commercial  nickel  from  76  to  86  per  cent,  of  the  pure  metal.  He  obtained  a purer 
product  containing  88  per  cent,  nickel  by  roasting  nickel-glanoo  (arsenio-sulphido  of 
nickel)  with  half  its  weight  of  quicklime  in  a cu^Ya-furnaco  urged  by  a blast. 

Prr^rtifs. — Pure  nickel  in  the  compact  state  is  silver-white,  ductile,  mnllealile,  not 
much  more  fusible  than  iron,  which,  according  to  Deville,  it  even  surpasses  in  tenacity. 
Nickel  containing  small  quantities  of  carbon  is  more  fusible  than  the  pure  metal.  The 
specific  gravity  of  nickel  is  8 279,  increasing  to  8 666  by  forging.  Nickel  is  magnetic 
at  ordinary  temperatures,  but  loses  this  power  at  250®,  recovering  it  however  on 
cooling.  Nickel  previously  heated  burns  in  oxi/gni  gas  like  iron,  and  is  converted  into 
oxide.  Tho  pulverulent  metal  obtained  by  reduction  in  hydrogen  at  a low  red  bent, 
takes  fire  spontaneously  in  contact  with  the  air.  Nickel  dissolv<*8  in  hydrochloric  acid 
and  in  dilate  sulphuric  acid  with  evolution  of  bydregen,  easily  in  7iitriG  and  in  m'/ro- 
nuriatic  acid. 

srXCKXUL*  OV«  Nickel  unites  with  other  metals,  forming  for  tho 

most  part  white  malleable  alloys  (see  tho  several  metals).  The  most  important  ia  thn 
alloy  of  uickel,  copper  and  zinc,  known  as  German  8ilTer(8co  Copper,  Alloys  of,  ii.  61 ). 
Meteoric  iron  is  an  alloyof  ironand  nickel  (see  Meteorites,  iii.  377).  An  alloy  of  nickel 
and  Al*Ni,  is  obtained  in  large  tin-white  laminnc,  of  sn.  gr.  3 647,  by  melt- 

ing 8 pts.  aluminium  with  3 pts.  sublimed  chloride  of  nickel  and  20  pts.  chloride  of 
potassium  and  sodium,  and  treating  the  resulting  regulus  with  dilute  hydrochloric  acid 
Michel,  Ann.  Ch.  Pharm.  cxv.  102).  The  alloys  of  nickel  with  arsenic  and  antimony 
occur  as  natural  minerals. 

AITTZMOIVISS  OT,  Aniiirwnial  yickcl,  Srtithaiipiilf.  Ni’Sb  or 
Nni“Sb. — This  mineral  was  formerly  found  in  the  Aurlreasberg  mountains,  but  has 
long  Wn  exhausted ; it  occurred  in  thin  hexagonal  plates,  also  mas-sive  and  di.Hscm- 
ioated,  with  metallic  lustre,  light  copper- re<l  colour  on  the  fresh  fracture ; sp.  gr.  7’541 ; 
hardness  6*5. 
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ITZCXSXh  AlVTZMOirZO-SirZiPBXOB  or.  8oo  Nickel-qlancb  (p.  43). 

BZCXEXf,  AJtSEIfATB  OF.  Annahrrffiif,  Hickel-bioom^  }iickel-grfen^ 
Ni*A»0'.4llK)  or  NnVAs-O'.SH’O. — This  compound  occurs  native  in  soft,  apple-green, 
CJ  pillary,  monoolinic  crystals,  also  massive  and  disseminated.  Hardness  «=  2 5 to  3 0. 
Sp.gr.  s»  3*078 — 3*131.  The  following  analyses  are — a.  by  Berth  icr  (Ann.  Ch. 
Phys.  [2]  xiii.  6 j A by  S t romoy cr  (Schw.  J.  xxx.  220) ; c,  by  Kersten  (Pogg.  Ann. 
X.  261): 
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The  formula  requires  38*41  As’(P,  37'52  Ni-0  and  24*0  H*0.  The  mineral  occurs  on 
white  nickel,  at  Allemont  in  D.'iuphiny,  and  is  sup]x>scd  to  result  from  a decomposition 
of  this  oro  ; it  is  found  also  at  Kamsdurf  near  Saalfi  ld,  at  Annaberg,  and  in  other  mines 
of  nickel  ores.  It  has  occasionally  been  observed  associated  with  copper-nickel,  in 
the  cobalt  mine  at  Chatham,  Connecticut  (Dana,  ii.  418).  Respecting  the  artificial 
arsenate  of  nickel,  see  i.  313. 

BZCXEZi,  AJlSEirZDES  OF.  A veiT  small  quantity  of  arsenic  is  sufficient  to 
render  nickel  fusible  before  the  blowpipt'  under  borax.  (Berzelius.) 

a.  Ni*As  or  Nni^As.  A brittle  non-rajignetic  alloy  haring  this  composition,  is 
obtained  by  heating  100  pts,  of  finely  divide*!  nickel  in  a close  vessel  with  excess  (200 
pts.)  of  arsenic,  or  by  heating  nrwmate  of  ni«*kel  to  whiteness  in  a charcoal-line*! 
crucible.  LOmclin  (/faud^k,  v.  388)  describes,  on  the  authority  of  Plattner,  an 
arseniile  of  nickel  called  7Y<itW/«,  having  nearly  the  same  composition,  viz.  67  06  per 
cent,  nickel,  30*71  arsenic,  0*02  cobalt,  0*86  copp<*r,  a truce  of  iron,  and  0*62  sulphur. 

ft.  Ni'As  or  Kni*As*.  iS[H*i»s  is  sometimes  found  in  crystals  of  the  dimetric  system 
having  this  composition.  A specimen  from  a disused  smalt-furnace  was  found  by 
Wohler  (Pogg.  Ann.  xxv.  302)  to  contain  62*70  per  cent,  nick**!,  44*05  arsenic,  1*65 
sulphur,  and  1*60  manganese,  iron,  and  copper,  the  f)rmula  Ni*As  requiring  64*13  nickel 
and  45*87  arsenic.  This  crystallised  speiss,  which  is  sometimes  found  in  the  spetss  run 
out  from  the  crucibles,  appears  to  be  produced  by  long  continued  fusion  of  copper-nickel 
contained  in  cobalt  ores. 

y.  Ni’As  or  NniAs.  This  is  the  composition  of  Ctyjtprr-nfckr/,  the  principal  ore  of 
the  metal,  which  occurs  in  hexagonal  prisms,  oP.  oeP,  isomorphous  with  antimonial 
uiekfl,  having  the  length  of  the  principal  axis  — 0*81944,  more  frequently  massive, 
with  nearly  iinpjilpable  structure;  also  reniform  with  columnar  structure  ; nW  reticu- 
lated and  arborescent.  Hardness  ■:  5*6.  Sp.  gr.  *»7*33 — 7 ’671.  0|>ai|ue,  with  metallic 
lustre  and  copper-red  colour,  with  a grey  to  blackish  taruish.  Streak  pale  brownish- 
black.  Fracture  uneven.  Brittle.  Before  the  blowpipe  on  charcoal,  it  emits  arsenical 
fumes,  and  m**Its  to  a white  globule,  which  darkens  on  exposure  to  the  air.  In  nitric 
acid  it  becomes  covered  witli  a gre<‘n  coating  and  dissolves  in  nltro-muriatic  acid. 

From  Riecbelsdorf  (Stromeyer,  Gdtt.  gel.  Anz.  1817,  p.  204). — 
6.  From  Kri^eK>o  in  Norway  : sp.  gr.  7*C62  (Scheerer,  Pogg.  Ann.  Ixv.  292). — c.  From 
Ayer:  sp.gr.  7*39  (Ebclmen,  Ann.  Miii.  [4]  xi.  65). — d.  Westphalia  (Schnabel, 
2fa>nmehWrff  $ p.  20). — c.  Allemont  in  Dauphiny  (Berthier,  Ann.  Ch. 

Phys.  [2]  xiii.  62).—'/.  From  Bolen  in  the  Pyrenees  (Berthier,  loc.  cit.): 

A*.  Sb.  S.  NL  F<*.  1*b.  Co.  Cu.  Gangue. 


а.  64*73  . . 0*40  44*21  0*34  0*32  - 100 

б.  64*35  . . 0 14  44*98  0*21  . . . . 0*16  . . - 99*84 

c.  62*71  . . 0*48  46*37  1*44  . . - 100 

d.  64*05  0*06  2-18  43*60  0*45  . . 0*32  . . 0*20  «»  100*76 

f.  48-80  8*00  2*00  39  94  . . . . 0*16  . . . . - 98*90 

/.  33*0  27*8  2*8  33*0  1*4  2*0  - 100 


Copper-nickel  is  found  accompanying  cobalt,  silver  and  copper,  in  the  Saxon  mines  of 
Annalwrg,  Schncebeig,  Ac. ; also  in  Thuringia,  Hesse  and  Styria,  and  at  the  other 
localities  above-mentioned  ; occusiunally  also  in  Cornwall,  and  at  Leadhills  in  Scotland. 
At  Chatham,  Connecticut,  it  is  found  in  gneiss,  associated  with  arsenide  of  cobalt. 

8.  NiAs  or  NniAs'*.  This  compound  occurs  in  two  forms: — 1.  As  Cioanthit^  or 
White  Nirkff,  in  monometric  forms,  viz.  cubes,  octahedrons,  inipczohedrons,  202,  and 
the  combinations  shown  in  figurt's  174.  175,  176,  202,  205,  Ac.  (li.  pp.  123,  124,  130), 
isoinorphnu.s  with  smaltin,  C\-o.\s-(i.  1040). — 2.  As in  trimetric  prisms 
having  the  angle  oep  : xP  = — 124®.  Also  massive  and  in  reticulattHl  ami 

imitative  shajws.  Hardness  = 5*25  to  6.  Specific  gnivity  « 6*466 — 7 2.  Bnsti^* 
metallic.  Colour  tin-white,  incliuiug  w’hon  massive  to  sleel-gny.  Streak  gnyish 
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black.  Opaque.  Fracture  granular  and  uneven.  Brittle;  Riimmclsbci'jiite,  however, 
is  slightly  ductile.  Behsvee  before  the  blowpij«  like  copper-nickel. 

Analtf9f». — a. From  Schneeberg(Hofmnnn.  Po^.  Ann.xxv.  491,  494). — b.  Rieohels- 
dorf  (Booth,  xxxii.  395). — c.  Joaohim^tbal  in  Bohemia:  specific  gravity  C89 
(Marian,  Hammehhrrg s Minrrnlchfmiey  p.  21). — d.  Kumsdorf  near  Saalfeld:  specific 
gravity  6*735  (Rammelsborg.  ibid.). — r.  The  Annivierthal  inlhe  Valais(Berthicr, 
Ann.  Min.  [3]  xi.  504). — f.  AUemont  (Ram mclaberg,  loc,  cit). — g.  Chatham,  Con- 
nectient;  CXathamxU ; massive  (Shepard,  Sill.  Am.  J.  xlvii.  351). 


As. 

8. 

Ni. 

Co. 

Fe. 

Cm. 

Bl. 

0. 

71-30 

0-14 

28-14 

0-60 

219 

s. 

102-27 

h. 

72-M 

20-74 

3-37 

3-26 

, , 

— 

100 

e. 

71-47 

0-08 

21-18 

3-62 

2-83 

6-29 

= 

99-97 

d. 

70-34 

, 

28-40 

es 

98-74 

e. 

65-02 

2 90 

2675 

^93 

1-40 

a 

100 

/. 

71-11 

2-29 

18-71 

. . 

6-82 

98-93 

70-00 

. . 

12-16 

1-3S 

17-70 

101-21 

Cloanthite  occurs  with  silver  and  copper  in  the  sumo  localities  as  smaltin  (ii.  1040); 
the  Connecticut  mineral  {Chathamitt)  occurs  in  mica-slate,  associated  genentlly  witli 
mispickel  and  sometimes  with  copper  nickel.  Rnmmelsbergite  is  found  at  Schneeberg 
and  at  Riechelsdorf. 

Cloanthite  and  smaltin  may  be  regarded  as  belonging  to  the  same  mineral  species, 
indeed  the  nickel  and  cobalt  arc  found  replacing  one  another  in  all  proportions  without 
any  alteration  in  tho  crystalline  form  of  the  mineral  (sec  Dana,  ii.  67).  Tln  re  arc 
aUo  minerals,  still  occurring  in  the  same  forms,  in  wTiich  the  numberof  atoms  of  arsenic 
is  to  that  of  the  poeitivo  metals  (nickel,  cobalt,  iron)  as  4 : 3 and  ns  3 : 2.  the  percen- 
tage of  arsenic  in  the  funner  being  about  75,  and  in  the  latter  78  or  79.  These  mono- 
metric  arsenides  of  nickel  and  cobalt  muy  therefore  be  included  in  the  general  forrnul.i 
R“As",  where  R stands  for  nick/jl,  cobalt,  and  iron  (rcgardeil  as  monatomic  metals)  rt‘- 
placing  one  another  isomorphously.  {^liammrUbcrg' a Mincralchcmift  p.  25.) 

incxXXi,  A&SBVXOBVUBZIIB  OF.  See  Nickel-glance  (p.  43). 

jrZCKS^  BSOBCXSi:  of.  NiBr  or  NniTr*. — The  nnliydrous  bromide  obtained 
by  passing  bromine-vn^iour  over  red-hot  nickel-filings,  forms  shining  yellow  seules 
soluble  in  water,  alcohol  and  ether;  the  aqueous  aolutiou  yields  by  evaporation  green 
crystals  of  the  hydrated  bromide  Nni"Br*.3H*0. 

Bromide  of  nickel  unites  with  ammonia,  cither  in  the  dry  or  in  the  wet  wny,  forming  the 
compound  NiBr.3NII*  or  Nni"Br*.GNn’.  It  forms  light  blue  ay’stals,  soluble  in  a small 
quantity  of  water,  but  decomposed  on  diluting  the  solution. 

WXCKXX.  CAJtaoWATS  OF.  Occurs  native  as  K^ncruld'-nickel  (see  Caubo 
NATBS,  L 789). 

MtCXmj0^  CBZiOBIBB  OF.  NiCl  or  NniXP.— Obtained  by  heating  nickel- 
filings  to  low  redness  in  a stream  of  chlorine,  orby  gently  heating  the  hydrated  chloride. 
It  is  volatile  and  sublimes  at  an  incipient  red  heat,  in  golden-yellow  scales  like  mosaic 
gold.  It  is  decomt^tosetl  by  hydrogen  at  a red  heat,  yielding  a shining  coherent  mahs 
of  metallic  nickel. 

Anhydrous  chloride  of  nickel  dissolves  in  water  after  prolonged  boiling,  yielding  .a 
solution  of  a fine  green  colour,  which  may  be  likewise  formed  V>y  dissolving  the  oxido 
or  carbonate  of  nickel  in  hydrochloric  acid.  This  solution,  when  evajwratcd,  deposits 
the  hydrated  chloride,  Nni  'CP.UilH),  in  green  crystals,  which  when  exposed  to  the  air, 
deliquesce  or  cflBoresce  slightly,  according  to  the  quantity  of  moisture  present.  Chloride 
of  nickel  dissolves  slightly  also  in  alcokd. 

Anhydrous  chloride  of  nickel  absorbs  ammonia  gas,  forming  the  ammonio^ckloridf^ 
NiC1.3NH*,  analogous  to  the  ummunio-bromide  above  described  (II.  Rose).  The  same 
compound  is  obtained  in  blue  octahedrons  by  dissolving  chloride  of  nickel  in  warm 
caustic  ammonia  in  a closed  vessel.  (Erdmann.) 

Chioridf  of  Nickel  and  Ammtmium^  NH*Cl.Nni''Clb6H*0,  is  deposited  on  mixing 
I pt.  of  hydrochloric  acid  saturated  with  ammonia,  and  2 pts.  of  the  same  acid  satunited 
with  carbonate  of  nickel,  in  deliquescent  crysUls  isomorphous  with  the  corresponding 
magnesium-salt  (llautx.) 

BBTBCXXOV  AWD  ESTTMATZOaT  OF.  1.  Blowpipe 
actions, — All  nickel-salts  heated  with  carlnmate  of  sodium  on  charcf*al \n  the  inner 
flame  are  easily  reduced  to  a grey  metallic  powder,  which  is  attracted  by  the  magnet. 
With  borax  they  give,  in  the  outer  flame,  a clear  bead  which  is  hyacinth-nKl  while  hot, 
and  pale  or  dark  yellow  (according  to  the  quantity  of  nickel  present)  on  cooling ; the 
addition  of  nitrate  or  any  other  salt  of  potassium  gives  a blue  or  dark  purple  colour  to 
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the  bead.  In  the  inner  flame  the  beml  becomes  grey  and  opaque,  owing  to  tlie  reduc- 
tion of  the  metal.  With  fnicrocosmic  salt  they  give  in  both  flames  a clear  bintd  which 

i.^  dark  yellow  while  hot,  and  almost  colonrless  on  cooling.  The  presence  of  cobalt, 
even  in  small  quantity,  masks  these  reactions  to  a great  extent,  by  the  deep  blue  colotir 
which  it  produces. 

2.  Rf actions  in  Solution. — Nickel  forms  but  one  class  of  salts,  and  these  are 
nnalogous  in  composition  to  the  chloride  above  described ; they  ore  green  in  solution 
or  when  they  contain  water  of  crystallisation ; yellow  when  anhydrous.  Their  solutions 
redden  litmus. — Sulvhydric  acid  does  not  precipitate  nickel-salts  from  acid  solutions, 
and  only  very  paitii^y  from  a neutml  solution  of  a salt  of  a mineral  acid,  such  as  the 
sulphate  or  chloride ; but  acetate  of  nickel,  or  any  ntckel-salt  mixed  with  acetate  of 
sodium,  is  completely  precipitated  by  sulphydric  acid  on  beating  the  solution,  unless  a 
large  excess  of  acetic  acid  is  present.  The  precipitated  sulphide  is  black,  difficultly 
soluble  in  dilute  hydrocliloric  or  acetic  acid,  easily  in  nitnc  or  nitro-muriatic  acid. 
Sulphide  of  ammonium  precipitates  sulphide  of  nickel,  slightly  soluble  in  the  reagent, 
forming  a dark-brown  solution,  whence  the  sulphide  is  precipitated  by  lx>iling.  (Hence, 
a brown  colour  in  the  tiltruto  from  the  sulphide  of  ammonium  precipitate  is  a sign  of 
the  probable  presence  of  nickel.) — Hydrocyanic  acid  precipitates  all  the  nickel  as 
greenish-white  cyanide,  from  acetate  of  nickel,  or  from  any  nickel-salt  mixed  with  suffi- 
cient acetate  of  sodium. — Cyanide  of  potaesium  precipitates  the  cyanide  from  all 
nickel-salts  ; excess  of  the  reagent  dissolves  the  cyanide  of  nickel,  forming  a soluble 
double  cyanide  of  nickel  and  potassium,  which  is  decomposed  by  dilute  sulphuric  or 
hydrochloric  acid,  hydrocyanic  acid  being  evolved,  and  cyanide  of  nickel  precipitated, 
which  requires  Ixiiliug  with  excess  of  acid  for  its  conversion  into  a soluble  niclcel- 
salt.  Ferrocyanide  of  potassium  gives  a greenish-white  precipitate ; ferricyanide  a 
yellowish-green  precipitate,  both  insoluble  in  hydrochloric  acid. — Phosphate  or  arse- 
nate of  sodium  gives  a greenish-white  precipitate  of  phosphate  or  arsenate  of  nickel. 
Oxalic  acid  gradually  precipitates  all  the  nickel  as  greenish-white  oxalate,  soluble  in 
ammonia;  when  the  solution  is  exposed  to  the  air,  the  oxalate  of  nickel  slowly 
separates  out. — Alkaline  carbonates  precipitate  an  apple«green  basic  carbonate,  soluble 
with  greenish-blue  colour  in  excess  of  carbonate  of  ammonium. — Potash  precipitates 
the  apple-green  hydrate,  insoluble  in  excess,  soluble  in  ammouiacal  salts. — Ammonia 
does  not  precipitate  nickel-salts  when  free  acid  or  chloride  of  ammonium  is  present ; 
from  neutral  solutions  it  partially  precipitates  the  hydrate,  which  is  soluble  in  excess, 
forming  a blue  solution,  whence  too  hydrate  is  precipitated  on  the  addition  of  suffi- 
cient potash.  If  but  little  nickel  bo  present,  the  ammouiacal  solution  becomes  distinctly 
blue  only  after  long  exposuro  to  the  var.^Alkaline  hyj^hlorites  mixed  with  caustic 
alkcdi  (a  solution  of  bleaching  powder  or  chloride  of  soda  for  example)  form  a black 
precipitate  of  hydrated  peroxide  of  nickel. 

3.  Quantitative  Estimation. — Nickel  is  beet  precipitated  from  its  solutions  by 
caustic  wtash,  which  throws  down  an  apple-green  preapitate  of  the  hydrated  protoxide, 
and  if  the  liquid  be  heated,  leaves  not  a trace  of  nickel  in  the  solution.  The  precipi- 
tate must  bo  washed  with  hot  water,  dried,  ignited,  and  weighed  ; it  then  consists  of 
pure  protoxide  of  nickel,  containing  78*67  per  cent,  of  iho  metab 

The  oxide  may  also  be  reduced  by  heating  it  to  redness  in  a stream  of  hydrogen, 
and  the  reduced  metal  weighed  aAer  cooling  m the  stream  of  gas. 

In  separating  nickel  from  other  metal^  it  is  often  neccss^  to  precipitate  it  by  sul- 
phide of  ammonium ; this  pr(*cipitation  is  attended  with  difficulties,  because  the  sul- 
phide of  nickel  is  somewhat  soluble  in  the  alkaline  sulphide.  To  make  the  precipita- 
tion as  complete  as  possible.  Hose  directs  that  the  solution  be  diluted  witli  a considerable 
quantity  of  water,  and  tlien  treated  ^«nlh  sulphide  of  ammonium,  as  nearly  colourless 
as  it  can  be  obtained,  avoiding  a laigc  excess  of  the  precipitant  and  likewise  an  excess 
of  ammonia ; the  glass  is  then  to  be  covered  up  with  filtering  paper,  and  loft  in  swarm 
place.  Under  those  circumstances,  the  excess  of  sulphide  of  ammonium  is  decomposed 
by  the  oxygen  and  carbonic  add  of  the  air,  without  risk  of  the  sulphide  of  nickel  Wing 
oxidised.  A.s  soon  as  the  supernatant  liquid  has  lost  its  brown  colour,  the  precipitate 
is  collected  on  a filter  uud  washed  as  quickly  as  ^lossible  with  water  containing  a little 
sulphide  of  ammonium.  It  must  then  be  dissolved  in  nitromuriatic  acid,  and  the 
nickel  precipitated  by  potaali  as  above. 

4.  Separation  from  other  Metals. — The  methods  of  separating  iiichel  fipom 
other  metals  are  for  the  most  p:\rt  the  same  as  those  already  described  for  separating 
cobalt  from  the  same  metals  (i.  1045),  excepting  of  course  the  precipitation  wth  nitrite  of 
potassium,  and  the  otliermethods  which  serve  for  the  separation  ofcobiUt  from  nickel  itself. 
From  copper  and  the  other  metals  of  the  first  group,  it  is  separated  by 

from  the  metals  of  the  alkalis  and  alkaline  earths  and  from  magnesium, 
by  precipifalion  w ith  sulphide  of  ammonium,  with  the  precautions  above  indicated,  and 
in  the  case  of  magnesia,  with  addition  of  sid-unimoniacto  retain  that  base  in  solution. 
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Nidcel  may  sometimes  be  sopamtod  from  thealkali-mctnls  by  ovupfoi-uting  the  wholo 
to  dryness  and  igniting  the  mixture  in  a current  of  hydrogen,  whereby  the  nickel  is 
redoc^  to  the  metallic  state  and  may  be  Heparjitwl  from  tlie  alkaline  salts  by  dissolring 
out  the  latter  with  water.  This  mode  of  separation  is  especially  applicable  when  tlio 
metals  are  in  the  state  of  chloride. 

From  magnesium,  nickel  maybe  separated  hy  eyanide  of  potassium.  The  two 
metiils  are  first  precipitated  by  an  alkaline  carbonate,  and  cyanide  of  potassium  is  then 
added  in  quantity  sufficient  to  redissolro  tho  magnesium,  a fresh  quantity  of  alkaline 
carbonate  is  then  added,  and  the  whole  is  evap«)rated  todiymess.  On  treating  the  re- 
sidue with  water,  the  magnesia  remains  undissolvcd,  while  the  nickel  dissohes  ns  double 
cyanide,  and  may  be  precipitated  by  sulphide  of  ammonium  as  aliove, 

* Wtien  tho  magnesium  and  nickel  can  l>e  converted  into  neutral  acetates,  the  separa- 
tion is  easily  effected  by  passing  sulphydric  acid  yas  thniiigh  the  dilute  solution.  The 
nickel  is  then  completely  precipitate  as  8ul]ij)idc,  while  tho  magnesium  remains 
dissolved. 

Lastly,  the  separation  of  nickel  and  magnesium  maybe  effected  by  treating  the  solu- 
tion with  a mixture  of  hypochlorite  and  hydrate  of  potassium  or  sodium,  whereby  per- 
oxide of  nickel  is  precipitated,  mixed  or  combined  with  hydrate  of  mjignesium ; and 
the  precipitate  after  thorough  washing,  is  dige.sleil  with  an  excess  of  Ki-ihition  of  »i/r- 
curic  chloride.  A double  chloride  of  nmgnesium  and  mercury  is  Ihereby  f'rimHl,  and 
the  magnesia  remains  diswlved,  an  t‘quivalenl  quantity  of  oxycliloriuc  of  mercury 
being  at  the  same  time  precipitated.  Tho  wdution  is  eva|X)rated  to  dryness,  there.-iduo 
calcined  and  tn'ated  with  pure  nitric  acid,  the  resulting  solution  evaj^orated  to  dryncs.^', 
and  the  residue  of  nitrate  of  magnesium  c;ilcined  and  weighed  as  inagncaia.  The 
peroxide  of  nickel  is  also  ignited  to  drive  off  the  mercury  with  which  it  is  nu.xed,  and 
finally  reduced  to  the  metallic  state  by  ignition  in  a current  of  hydrogen.  (II.  Kosc, 
Traite  de  Chimie  Analyiique,  1861,  ii.  213.) 

From  barium,  strontium,  and  calcium,  nickel  may  be  separated  by  cyanide  of 
potassium  in  the  same  manner  ns  from  magnesium. 

From  aluminium  nickel  may  be  separated  by  the  same  processes  as  cobalt 
(i.  1045),  also  by  cyanide  of  potassium  in  the  manner  just  described  for  magnesium  ; or 
by  carbonate  of  barium,  which  precipitates  the  aluminium  and  not  tho  nickel. 

From  iron  (in  the  ferric  state)  nickel  may  be  separutetl  by  succinate  of  ammonium 
or  by  acetate  of  sorfiwm,  or  by  digesting  the  precipitated  sulphides  in  dilute  hydriK'hloric 
as  described  for  cobalt  (i.  1046) ; from  manganese  by  the  last  mentioned  method ; 
also  by  pentasulphide  of  calcium,  or  by  cyanide  of  potassium,  or  by  igniting  the  mixe<l 
chlorides  in  an  atmosphere  of  hydrogen,  exactly  as  (lesoribed  for  cobalt ; from  xi  nc  also 
by  this  last  method,  or  by  converting  the  two  metals  into  acetates,  adding  u large  excess 
of  acid,  and  precipitating  tho  zinc  with  tulphydric  acid  as  for  cobalt.  From  uraiii  u m, 
nickel  is  separate  by  precipitating  the  former  metal  in  the  state  of  uruuic  oxide  with 
carbonate  of  barium. 

The  methods  of  separating  nickel  fpomcobalt  have  been  already  descril>cd  (i.  1046). 
I.»iebig’s  method  may  bo  advantagoou.sly  modified  as  follows  : — Instead  of  treating  tho 
solution  of  the  mixed  cyanides  with  mercuric  oxide,  a solution  of  hypocldorite  of  sodium 
is  added  in  excess  to  tho  boiling  alkaline  liquid,  in  quantity  sufficient  to  destroy  tho 
free  cyanide  of  potassium.  Tho  nickel  is  thereby  precipitate<l  as  peroxide  in  the  form 
of  an  intensely  black  powder,  which  is  easy  to  wash,  and  may  then  bo  converted  by 
ignition  into  the  protoxide,  in  which  state  it  may  be  weighed.  Traces  of  nickel  which 
escape  discovery  by  other  methods  may  thus  often  bo  dot^H^ted  in  cobalt.  Care  must 
be  taken  to  ascertain  tho  absence  of  manganese,  as  it  would  go  down  with  the  nickel, 
accompanied  also  by  traces  of  iron  if  the  latter  metal  were  present..  {Miller's  iyanents 
of  Chemistry,  3rd  cd.  pt.ii.  p.  668.) 

Analysis  of  Hickel-ores. — Most  of  these  ores  contain  large  quantities  of  arsenic,  the 
separation  of  which  by  precipitation  with  sulphydric  acid  is  a long  and  tedious  process. 
A better  method  is  to  fuse  the  finely  divided  compound  with  six  time.s  its  weight  of  a 
mixture  of  equal  portions  of  nitre  and  carlx^nate  of  swlium,  extract  the  alkaline  arw*- 
natc  thus  formed  with  water,  and  dissolve  the  remaining  oxides  in  hydrochloric  acid. 
Or  the  compound  may  be  fused  with  three  times  its  weight  of  sulphur  and  curliomito 
of  potassium,  the  alkaline  sulpharsenate  extracted  with  water,  and  the  residual 
sulphidc-s  dissolved  in  hydrochloric  acid  with  gradual  addition  of  nitric  acid.  The  acid 
solution,  in  either  case,  is  then  nearly  neutralised  with  carbonate  of  sodium,  ncetnto  of 
Bodium  is  added,  and  tlie  wholo  is  heated  to  boiling,  whereby  all  the  iron  is  precipitated. 
The  filtrate  is  acidulated  with  hydrochloric  acid  and  saturated  with  sulphydric  aciil  (to 
remove  copper,  bismuth,  &c.)  and  filtered;  the  filtrate  is  heated  to  expel  sulphydric 
acid  ; and  the  cobalt  and  nickel  are  precipitated  by  carlx)uate  (»f  sodium,  and  separaft'd 
by  one  of  tho  methods  alxivo  r«’ferred  to.  Or  the  ore  is  dissolved  in  strong  liydroohloric 
acid,  with  gradual  addition  of  nitric  acid;  the  solution  is  heateil  to  boiling  and  nearly 
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neutmlUod  urith  carbonate  of  sodiom.  with  addition  of  acetate  of  aodium,  and  (unle^a 
the  precipitate  haa  a reddish-brown  colour)  of  ferric  chloride  also;  the  liquid,  after 
boiling  for  some  time,  ia  filtered  from  the  basic  ferric  arsenate  thus  produced;  and  the 
fillnite,  which  ia  now  free  from  arsenic  and  iron,  is  treated  as  before.  {Cuninffton*t 
Manual  of  Chrmical  Analysis^  p.  H3.) 

6.  Atomic  }Veight  of  Nickel. — Rothoff  (Pom.  Ann.  viii.  184),  by  converting  a 
weighed  quantity  of  nickel-nxide  into  chloride,  and  determining  the  amount  of  chlorine 
contained  therein  by  precipitation  with  nitrate  of  silver,  found  the  atomic  weight  of 
nickel  to  be  Ni  = 29%5,  or  Nni  = 69.  Erdmann  and  M archand  (Ann.  Ch.  Pliarm. 
Ixxxii.  76),  by  the  ifnalysis  of  the  protoxide,  found  Ni  = 29'27— 29*38.  Schneider 
(Ann.  Ch.  Pharm.  civ.  220),  from  the  analysis  of  oxalate  of  nickel,  found,  as  a mctin  of 
four  experiments,  Ni  = 29.  Dumas  (Ann.  Ch.  Pharm.  cxiiL  24),  by  the  same  method 
ns  Rothoff,  found  Ni  = 29-6;  and  lastly,  W.  J.  Russell  (Chera.  Soc.  J.  xvi.  58),  by 
reducing  pure  protoxide  of  nickel  in  an  atmosphere  of  hydrogen,  finds,  as  a mean  of 
several  experiments,  Ni  = 29*37  or  Nni  ■■  58*74. 

BTZCKSXi,  HMERA^P.  Native  bydrocarbonate  of  nickel,  Nni"C0*.2NDi''H*0*. 
(See  CaUBONATES,  L 789.) 

meXEX.,  rX.trORXDS  or.  NiF  or  Nni"P.— Obtained  by  dissolving  oxide  of 
nickel  in  h^vdrofluoricacid,  and  sep«trates  from  the  acid  solution  in  irregular  ^en  ciys- 
tals.  It  unites  with  the  fluoridesof  thealkali-mcUls,  forming  very  soluble  double  fluorides 
which  are  deposited  in  granular  crystals  on  evaporation.  Fluoride  of  nickel  and  alu>- 
minium  separates  by  evaporation  from  a mixed  (K)lution  of  the  component  fluorides,  in 
green  neeiUes  which  dissolve  in  water  slowly,  but  completely. 

Silicojluoride  of  n/c^*c/ crystallises  in  green  hexagonal  prisms. 

meXXP,  lOPIPRB  or.  Nil  or  Kni"P. — When  pulverulent  nickel  is  heated 
in  iodine-vapour,  a mixture  of  iodide  of  nickel  with  metallic  nickel  and  tlie  oxide  is 
formed,  from  which  the  pure  iodide  may  be  obtained  by  substitution,  also  by  heating 
the  hydrated  iodide.  It  forms  iron-black  metallic  shining  scales  which  become  moist 
on  contact  with  the  air,  form  a red-brown  solution  with  a small  quantity  of  water,  and 
a green  solution  with  a larger  quantity.  This  solution  may  also  pre^wred  by 
dissolving  hydrate  of  nickel  in  hydriodic  acid,  or  by  treating  finely  divided  nickel  with 
water  and  excess  of  iodine.  When  evaporated,  it  deposits  the  hydrated  iodide, 
Nni''P.6lP(),  in  deliquescent  crystals,  which  when  heated  in  contact  with  the  air,  givo 
off  a little  iodine,  yield  a sublimate  of  the  anhydrous  iodide,  and  leave  a residue  of 
nickel-oxide.  The  aqueous  solution  dissolves  a considerable  quantity  of  iodine,  which 
colours  it  brown-red. 

An  oxyiodide  of  nickd  is  formed  by  digesting  the  solution  of  the  iodide  with 
hydrate  of  nickel,  or  by  evaporating  the  same  solution  quickly  to  dryness  in  contact 
with  the  air,  and  dissolving  ont  the  undecomposed  iodide  from  the  residue  with 
water. 

Anhydrous  iodide  of  nickel  absorbs  ammonia  yas  when  heated  in  it,  forming  the 
yellowish-white  compound  NiI.2NH*  or  Nni^PlNH*.  By  dissolring  the  iodide 
in  hot  aqueous  ammonia,  blue  octahedrons  are  obtained  consisting  of  Nil.SNH’  or 
Nni^PONIl*,  sparingly  soluble  in  water  and  in  aqueous  ammonia.  The  ammoniacal 
solution  mixed  with  alcohol  yields  a green  precipitate  containing  ammonia. 

XXCXSXtf  xrZTRXPB  07.  Formed,  according  to  Schrotter,  by  beating  pro- 
toxide of  nickel  to  206^  in  ammonia-gas. 

mCKJBZ»i  OXXPZS8  07.  Nickel  forms  two  oxides,  a protoxide  and  a 
Bcsquioxide;  the  former  only  is  a salifiable  base. 

Protoxide,  Ni*0  or  NoTO. — This  oxide  is  obtained  in  the  anhydrous  state  by 
calcining  the  nitrate,  hydrate  or  carbonate  of  nickel,  or  by  heating  metallic  nickel  with 
nitre.  It  may  be  freed  from  tniccs  of  peroxide  which  it  sometimes  contains,  by 
beating  it  to  about  100®  in  hydrogen-gas  (Erdmann).  Russell  (Chera. Soc.  J.  xvi, 
68)  prc^vires  it  by  calcining  oxalate  of  nickel,  dissolving  the  residue  in  nitric  acid, 
evaporating,  and  exposing  the  residue  to  strong  and  continued  ignition  over  a gas 
furnace.  It  is  a dense  green  or  greyish-green,  non-magnetic  powder,  which  does  not 
absorb  oxygen  from  the  air,  either  at  common  or  at  higher  temperatures.  It  is 
rtsluced  to  the  metallic  state  by  hydrogen  at  a red  beat,  and  by  charcoal  at  a white 
heat. 

Anhydrous  oxide  of  nickel  has  been  found  cryatnlUsed  on  the  surface  of  black  copper 
(ii.  30)  rc<Uiced  from  nickelifcnius  copper  ores,  in  microscopic  regular  octahcnlrons, 
opaque  with  metallic  lustre,  non-magnetic,  aud  having  a specific  gravity  of  6 605, 
inj^oluble  in  nitric,  hydrochloric,  and  even  nitro-liydroohloric  acid,  and  dissolving  with 
difliiMiity  in  l)oiling  sulphuric  acid  (Genth).  Similar. cryptals  of  anhydrous  nickel- 
oxide  have  Ineu  found  by  Bcrgcmann(J.  pr.  Chem.  Ixxv.  253),  together  adth  native 
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bismuth,  in  carities  of  a mineral  chieflj  consisting  of  arsenate  of  nickel,  said  to  bo  from 
Jobann^Georgenctadt  Lebraj  (Compt.  rend.  lii.  985)  has  obtained  protoxide  of 
nickel  in  the  crystalline  form  by  strongly  igniting  a mixture  of  sulphate  of  nickel  and 
sulphate  of  potassium. 

The  kydrattd  jr^iaxidt  or  hydrate  of  nickel,  NiHO  or  Nni"H’0*  is  obtained  as  an 
apple-green  precipitate,  by  treating  the  solution  of  a nickel-salt  with  excess  of  caustic 
potash  or  s^a,  and  is  deposit<‘d  as  a green  ciystalline  powder  from  a solution 
of  the  carbonate  in  excess  of  ammonia  on  standing  or  evaix)ration  (Pelouze  and 
Fr^my).  \Vhen  heated  it  gives  off  its  water,  and  leaves  the  atihydrous  protoxide. 
It  dissolves  easily  in  acide,  forming  the  nickel  salts ; also  in  ammo\iia,  forming  a Wolet 
solution,  from  which  it  is  precipitated  by  the  fixed  alkalis  or  alkaline  earths,  the  precipi* 
tate  consisting  of  a compound  of  oxide  of  nickel  with  the  precipitating  oxide. 

A crystalline  hydrate  of  nickel  containing  Nni"H‘0Ml*0  has  been  found  os  an 
incrustation  on  chromc-iron  at  Texas  in  Pennsylvania.  It  is  transparent,  has  an 
emerald-green  colour,  and  a density  of  3*05.  (Silliman,  SiU.  Am.  J.  [2]  iii.  40.) 

Protoxide  of  nickel  unites  with  other  metallic  oxides,  playing  the  part  of  an  acid 
with  strong  bases,  such  as  potash  {vid.  sup.)  and  that  of  a base  with  alumina,  ferric 
oxide,  Ac.  When  ammonia  is  added  to  a solution  containing  nickel  together  with 
metals  whose  oxides  are  insoluble  in  ammonia,  the  precipitated  oxide  almost  always 
carries  down  with  it  a certain  quantity  of  nickel-oxide:  hence  this  method  of  sepui-at* 
ing  nickel  from  other  metals  does  not  give  exact  results  in  quantitative  analysis.  The 
same  indeed  is  true  more  or  less  with  regard  to  the  separation  of  all  metals  by  tho 
relative  solubilities  of  their  oxides  in  caustic  alkalis,  e.g.  of  aluminium  and  iron  by 
potash. 

Sesquioxide  or  Peroxide  of  Kickel,  Ni^O’  or  NnPO*. — This  oxide  is  pro- 
duced by  calcining  the  nitrate  at  a moderate  heat.  It  is  a black  powderof  specific  gravity 
4*84  (U'erapath)  which  is  resolved  by  ignition  into  oxygen  and  tho  protoxide,  and 
behaves  with  acids  like  a peroxide,  disMlving  in  them  with  evolution  of  oxygen,  and 
forming  solutions  of  nickel-salts. 

A hydrated  sesquioxide,  Nni*0*.3H*0  or  jfniH*0*  is  obtained  by  treating  the  hy- 
drated protoxide  or  tho  carbonate  with  chlorine-water  or  the  solution  of  an  alkaline 
hypochlorite,  or  by  precipitating  a nickel-salt  with  a mixture  of  caustic  ulkuU  and 
alluline  hypochlorite.  It  is  dark  brown  while  suspended  in  water,  but  forms  a black 
iiliining  moss  when  dry.  When  heated  it  readily  gives  off  water  and  oxygen.  With 
arrdls  it  behaves  like  the  anhydrous  sesquioxide,  but  dissolves  with  greater  facility. 
With  aqueous  oxalic  acid,  it  forms  oxalate  of  nickel,  with  evolution  of  carbonic 
anhydride.  It  dissolves  in  ammonta,  with  evolution  of  nitrogen,  the  solution  contain- 
ing f>rotoxide  of  nickel. 

Another  hydrated  peroxide  of  nickel  of  dingy  light-green  colour,  but  unknou*n 
composition,  is  obtained  by  treating  the  hydrated  protoxide  with  peroxide  of  hydrogen. 
(Th^nard.) 

xrzcsxx.,  0XTCB1.0&n>B  or.  Formed  by  digesting  tho  hydrated  pro- 
toxide in  aqueous  chloride  of  nickel.  It  is  sparingly  soluble  in  water,  and  turns 
reddened  litmus-paper  blue. 

VZCaLBZN  OXTOSXr-BAZ.TS  or.  Nickel  forms  but  one  class  of  salts,  cor- 
responding in  composition  to  tho  protoxide,  chloride,  &c.,  e.q.  tho  nitrate  NiNO’  or 
No™*©*,  the  sulphate  Ni*SO‘  or  Nni'  SO*,  the  acetate  C’H'NiO*  or  C'H•Nni''0^  &c. 
Host  of  them  are  soluble  in  water  and  are  produced  by  dissolving  either  of  the  oxides 
or  the  corresponding  hydrates  in  acids,  the  sesquioxide  being  first  reduced  to  protoxide ; 
in  many  cases  also,  with  evolution  of  hydrogen,  by  actiog  on  tho  metal  with  dilute 
acids,  the  pulverulent  metal  dissolving  easily,  the  compact  metal  often  very  slowly. 
Those  nickel-salts  which  are  insoluble  in  water,  and  are  obtained  by  precipitation,  e.g. 
the  carbonate,  borate,  and  phosphate,  dissolve  readily  in  nitric,  hydr^hloric,  and  stil- 
phoric  acid,  Ac. 

Nickel-salts  are  for  tho  most  part  emerald  or  apple-green  in  the  hydrated  state, 
yellow  when  anhydrous,  so  that  characters  traced  on  paper  with  a nickel  solution  turn 
yellow  when  heated.  Soluble  nickel-salts  redden  litmus  slightly,  have  an  astringent 
metallic  taste,  and  exert  an  emetic  action.  Those  which  contain  volatile  acids  are  de- 
composed by  ignition,  the  inorganic  salts  generally  learing  a residue  of  protoxide,  tho 
organic  salts,  metallic-nickel.  (For  their  behaviour  with  reagents,  see  p.  38.) 

VZCJUBB,  OXTZOSXBS  OT.  See  p.  40. 

WXCXXXh  VBOBFXXBXS  or.  The  tniophosphide,  Ni*P  or  Nni"P*,  is  obtained 
by  heating  chloride  or  sulphide  of  nickel  in  a current  of  phosphoroltod  hydrogen  gas. 
It  is  black,  insoluble  in  hydrochloric  acid,  but  easily  decomposed  and  dissolved  by 
nitric  acid.  (H.  Kose,  Fogg.  Ann.  xxiv.  322.) 
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A pbospludc  containing  only  a vmall  onaDtitv  of  pho«phoru8  is  obtained : — 1.  Bjr 
passing  i>fKwphorns-vapour  over  nd-hot  mckel  (Davy),  or  by  throwing  pieces  of  phos* 
phorus  on  it  (Pelletier). — 2.  By  fusing  ni<^el  with  glacial  phosphoric  acid  and 
charcoal  powder  (Pelletier),  or  6 to  8 pts.  nickel-filings  or  nickel-oxide,  with  10  pts. 
bone-iuh,  6 pts.  pounded  quarta,  and  1 pt.  charcoal  in  a charcoal-lined  erucible  (Bcr- 
tbier).  It  is  siiver-wbitc,  brittle,  much  more  fusible  than  nickel,  not  magnetic. 

IfZCXEZ««  SSXtEVZXIS  OTm  Ni'Se  or  Nni*Sc. — Obtained  by  igniting  metallic 
nickel  in  selenium-vapour,  os  a silver-white,  uon-magnetic,  brittle  cr>stallinc  mass 
(apparently  monometnc),  having  a dull  metallic  lustre,  and  spi'cific  gravi^  =»  8162. 
it  is  not  attacked  by  hydrochloric  acid,  slowly  dissolvecl  by  nitric  acid,  completely  by 
nitromuriatic  acid.  When  fused  with  borax,  it  yields  a golden  yellow  metdlic  mass 
with  striated  surface.  (Q.  Little,  Ann.  Ch.  Pbarm.  cxii.  211.) 

WZCKU,  SZZaCATE  OF.  See  Pwelitb  and  Siucatbs. 

mcZLZUL,  BtTEPBATX  OF.  This  salt  occurs  as  a hydrate  in  capillary  inter- 
lacing crystals  at  Wallace  mine,  Lake  Huron,  on  a sulphid<‘  of  nickel  and  iron,  mostly 
as  an  ciBoresoence.  Kobell’s  pyromefin,  occurring  as  an  earthy  pale  yellow  crust,  with 
native  bismuth  and  arsenical  nickel,  at  the  Proderich’s  mine  near  B.'iyrcnt,  aj>pe:irs  to 
be  the  same  species.  (See  Sulphatbs.) 

VZCKE^  BV3&PBZOB  OF.  Nickel  forma  with  sulphur  the  three  following 
compounds : ^ 

o.  Ufmisulphide,  Ni*S  or  Nni*S.  Produced  bv  igniting  sulphate  of  nickel  in  a 
current  of  hydrin.  Pale  yellow,  metallic-shining,  brittle,  magm  tic  mass,  whicli  may 
bo  melted  in  glass  vessels. 

P.  Protoauiphide,  Ni*  or  Nni”S.  This  compound  occurs  native  as  Capil/an/ 
Pyriira  (Haarkifs),  in  rhombobedral  crystals  having  the  length  of  the  principal  axis 
«■  0 3295,  the  angle  R : R » 144®  8',  and  perfivtly  cleavable  pirallel  to  tlie  rhom- 
bohedral  faces;  more  frequently  in  delicate  cnpUlary  ciystallisations.  Ilardnes.s 
=»  3 — 3*6,  specific  gravity  6*25 — 6 05  (the  mineral  from  Joachimsthal,  4 001  nccH)rding 
to  Kenngott).  It  is  Lrittle,  has  a brass-yellow  colour  and  metallic  lustre,  and  is 
bright  in  the  streak.  It  usually  occurs  in  capillary  crystals  in  the  cavities  and  among 
the  crystals  of  other  minerals,  as  at  Jouchimsthal  in  Bohemia;  at  Johanngt'orgenstadt, 
Przibram,  Ricchclsdorf,  Andreosberg;  in  Cornwall,  &c. ; also  in  Lancaster  County, 
Pennsylvania, 

Protosulphide  of  nickel  is  formed,  with  emission  of  light,  when  sulphur  is  fused  in 
contact  wito  finely  divided  nickel ; it  is  also  produced  by  the  action  of  sulphur,  or  a 
mixture  of  sulphur  and  potash  on  the  oxides  of  nickel  at  a red  heat ; and  by  igniting 
the  protoxide  m sulphyaric  acid  gas;  lastly,  according  to  Berthior,  by  reducing  sul- 
phate of  nickel  with  charcoal-powder;  in  this  case,  however,  a small  quantity  of  the 
homisuipbide  is  formed  at  the  same  time.  When  prepared  by  cither  of  these  metiio<ls 
it  resembles  the  native  sulphide  in  colour  and  lustre.  It  is  less  fusible  than  the  hemi- 
sulphide ; is  decomposed  by  ignition  in  the  air,  but  not  in  close  vessels.  It  is  but 
slowly  decomposed  when  heated  in  chlorine  ga.s,  and  not  nt  all  by  hydrogen  at  a rtnl 
heat.  It  dissolves  slowly  in  hot  nitric  or  nitromuriatic  acid. 

A hydrated  protoaul^hide  of  nickil  is  obtained  by  the  action  of  sulphydric  acid  (*n 
neutr^  solutions  of  mckcl-salts  containing  weak  acids,  the  acetate  for  example,  or  W 
precipitating  any  neutral  nickel-srdution  with  sulphide  of  ammonium  or  potassium,  ft 
nas  a dark  brown  colour,  nearly  black.  It  oxidis<-s  on  exposure  to  the  air,  and  is 
converted  into  soluble  sulphate.  \Mien  heated  out  of  contact  with  air,  it  giv^-s 
oflf  water  and  melts  to  a mass  of  the  anhydrrms  sulphide.  When  recently  precipitatwl 
and  still  moist,  it  dissolves  sparingly  in  sulphurous  acid,  also  in  ammonia  and  sul- 
phide of  ammonium,  potassium,  Ac,,  formings  brown  solution  which,  on  exposure  to  the 
air,  bocoms  colourless  and  deposits  sulphide  of  nickel.  The  precipitated  sulpliide  is 
nearly  insoluble  in  acetic  or  dilute  liydrochloric  acid,  although  a vciy  small  quantity 
of  free  hydrochloric,  sulphuric,  or  oven  acetic  acid,  suffict^  to  prevent  its  formation  in 
solutions  of  nickel-salts  b^  the  action  of  sulphydric  acid.  Nitric  and  nitromuriatic 
acids  dissolve  it  more  readily. 

Diaulphide^  Ni*S*  or  NniS*.  Obtained  by  heating  a mixture  of  carbonate  of 
nickel,  carbonate  of  potassium,  and  sulphur  to  dull  retlncss.  The  moss  when  washed 
leaves  the  disulphide  in  the  form  of  a steel-grey  j>owder,  which  is  decomposed  by 
chlorine,  with  formation  of  chloride  of  nickel  and  chloride  of  sulphur. 

St^narmont,  by  decomposing  chloride  of  nickel  with  chloride  of  potassium  at  160®, 
C)btaine<l  a yellowish  sulphide  of  nickel  having  the  composition  Nni*S*  or  NniS.Nni*S*. 

irzCKEZ.  AKZ>  ZBOXr,  StrXFBZl>fi  OF.  (^Nni.lFft‘)'^.— Occurs  near 
InllolmranKT  in  southern  Norway,  in  nionomelric  ciystaU  with  octahedral  cleavage, 
or  in  granular  masses.  Hardness  «=  3 &-  4.  S|x>oific  gravity  » 4 0.  It  is  not  mag- 
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netic,  bu  a bronze-yellow  colour,  and  light  bronze-brown  streak.  Contains  22-28 
per  cent.,  nickel,  40*86  iron  and  36-80  sulphur.  It  occurs  with  copper  pjTites  in 
hornblende  rocks,  and  is  worked  for  the  extraction  of  nickel.  An  impure  variety, 
slightly  mixed  with  magnetic  iron  ore,  is  found  at  Inverary  in  Arg}lcshire. 

VICUX.-B1.00K.  See  Nickel,  Absbmate  op  (p.  35). 

WXCXB^BOinUfOWZTB.  Boumonito  or  sulpbantimonitc  of  loiid  and  copper 
(i.  661)  from  Wolfsberg,  in  which  lead  is  partly  replaced  by  nickel  nnd  cobalt,  con- 
tains 19-87  per  cent,  sulphur,  24*28  antimony,  3*22  arsenic,  35  52  lea<l,  9*0o  copper, 
A*47  nickel  and  cobalt,  and  0*84  iron  (*»  98*2»')).  (Rammcisberg,  Pogg.  Ann. 
Ixxvii.  253.) 

JilCBJn*"QTimycg.  A mineral  species  analogous  to  cobalt-glance  (i.  1057)  in 
form  and  composition,  and  expressible  chemically  by  the  formula  Ni-S(A8 ; 8b)  or 
NniS(As;Sb)  or  NniS^Nm(A.s  ; 8b)’,  the  arsenic  and  antimony  being  sometimes 
present  together,  sometimes  singly,  thus  forming  the  three  varieties,  antiiTwnial^ 
ar$^nicnl  and  antimonio-araenical  nickcl^ghnce. 

The  crystals  of  this  species  belong  to  the  monomctric  system,  being  for  arsenical 
nickel-glance,  cubes,  octahedrons,  and  the  intermediate  forms  shown  in  figures  174, 175, 
176  (Ckystalloobapht),  and  combinations  of  the  pentagonal  dodecahedron  with  the 
culie  (fig.  211)  and  octahedron.  For  the  varieties  containing  antimony  the  prevailing 
form  is  the  octahedron  modified  by  faces  of  the  cube.  Cleavage  cubic  in  all  varieties. 
The  mineral  likewise  occurs  massive,  with  gmnular  structure;  the  purely  arsenical 
variety  also  lamellar.  Hardness  = 5~-b‘5.  Sp.  *=  5-6^6  9 (of  the  antimonial 
vanrties.  6*2 — 6*5).  Lustre  metallic.  Colour  silver-white  to  steel-grey.  Streak 
greyifth-black.  Fracture  uneven.  Brittle. 

Afta/jfsts:  1.  AniimoniaJ. — a.  From  the  Landskrone  mine  in  Siegen,  Westphalia ; 
mean  of  two  analyKS  (JI.  Bose,  Pogg.  Ann.  xv.  688). — 2.  Antimonio’arsfmicaf. — 
ft.  Albcrtino  mine  nejir  Harzgerodc  in  the  Hjirtz  (Hammel.sberg,  ifnd.  Ixviii.  611).— 
e.  Sayn-Altenkirchen  (UUmann,  Ifammehbfr^a  Minera/chemirf  p.  63).— rf.  Freus* 
burg  (Klaproth,  Seiirage^  vi.  329).— 3.  Arsenical,  e.  Haueisen  near  Ix)benstein  in 
Thuringia:  B]>.  gr.  6’964  (Rammelsberg, /oc.  ei/.).— /,  Juiigfer  mine  near  Miisen: 
cn-Mallised  (Schnabel,  ^amw.  Afi/iero/cA.  p.  62). — ff.  P6ngstwiese  ne.ar£ms  : crys- 
tjJliscd,  with  faces  of  the  pentagonal  dodecahedron  (Bergomann,  J.  pr.  Chem. 
IxxT.  244). — h.  Albertine  mine  near  Harzgerode  (Rammelsberg,  Ivc.  c<Y.).— t.  Hei> 
cuiy  mine  near  Ems:  massive  (Schnabel,  loc.  cit.). 


AntL  AnticnonicMu-traical.  Arienical. 

moolal.  , < ■ * , — , ^ ~ I - , I , ^ 

Sulphur  . 1577  1738  16-40  16-25  20-16  18-94  19%4  18*83  1782 

Antimony  . 64-61  50*84  47  56  4776  . . . . 0*61  0*86 

Arwenic  . . . 2*66  9*94  11*76  48*02  46*02  46*02  44  01  38*02 

Nickel  . 2770  29*43  26*10  26*26  31*82  32*66  34*18  30*30  35*27 

Cobalt  0*27  . . 2-23 

Iron  . . . 1-83  . : . . . . 2*38  1*02  6*00  4*97 

Copper  . ^ j ^ ^ ^ . • . ^ ^ 2*76 


98*08  102*13  10*00  1000  1000  1000  100*14  10*00  101*96 

There  nro  also  varieties  of  nickel-glance  differing  somewhat  in  composition'  from 
the  above,  so  far  at  least  as  the  analyses  can  be  trusted,  viz.  1.  Amoihilr,  occurring 
in  small  stccl-grey  octahedrons  (hardness  » 4)  at  Lichtenberg  in  the  Fichtolgebirge 
(t.  K o b e 1 1,  J.  pr.  Chom.  xxxiii.  403) ; — 2.  Gersdorfite  from  Schlodming  in  Styria,  where 
it  occurs  both  crystallised  (Pleas.  Ann.  Ch.  Phami.  li.  260)  and  massive  (Lowe,  Pogg. 
Ann.  Iv.  603); — 3.  Nickel-glance  from  Prakendorf  in  Hungary  (Lowe). 

Amoiblte.  Gcrtdorfflte.  NIckel.gtance 

fron  PrakeiKlorf. 


cryttalliseH.  frauire. 


Sulphur 

. 1387 

16-11 

16-35 

14  22 

16-25 

Arsenic 

. 45-34 

39-88 

39-04 

42-52 

46  10 

Nickel 

. 37-34 

27-90 

19-69 

38-42 

28-75 

Cobalt 

. trace 

0-83 

14-12 

Iron 

. 2-60 

14-97 

11-13 

2-09 

8-90 

Silica 

. • ■ 

1-87 

M-05 

99-69 

100-23 

99-12 

100-00 

Thimmelsberg  suggasU  that  sulphide  of  nickel,*  Nni"S,  may  l»c  monomelric,  like  many 
sulphide®  of  the  form  and  m that  case,  since  the  arsenide,  NniAs’,  is  likewise 
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monotnetrif,  those  niokel-glanccs  may  bo  regarded  as  isomorphous  mixtures  haring  the 
conij>osition  mNDrS-nNiAs*  or  Nni(S;  As*). 

»!»■-  Sirg^nitc,  Linnaeite  (cobaltos(>H>:»tMi]tic  sulphide,  i. 
1050)  in  which  a considerable  proportion  of  the  cobalt  is  replacc*d  by  nickel,  a.  From 
Siegen  in  Prussia,  where  it  occurs  in  uctahedroD8(Schnabel,  JiammfUbtrg's  Minrraf- 
vhfmit,  p.  110). — A.  From  the  same  locality  (Ebbinghaua,  toe.  cit.). — c.  Fiuk^bu^g 
Carroll  County,  Maryland:  pale  steel-grey,  with  a yellowish  tinge;  distinct  cubic 

clearage;  intergrown  with  copper  pyrites  (Gcnth,  »Sill.  Am.  J.  [2]  xxxiii.  415) 

d.  La  Matte,  Missouri : seldom  crystalline,  sometimes  however  exhibiting  the  forms  O 
and  O . oeOoo ; clearage  very  indistinct ; colour,  between  steel-grey  and  tin-white 
(Oenlh,  loc.  eit.) : 


s. 

Nl. 

Co. 

Ff. 

Cu. 

Pb. 

Gan^ue. 

a. 

41-98 

33-84 

22-09 

2-29 

. , 

0 . » 

100 

b. 

42-30 

42-64 

11-0 

4-69 

. . » 

100-63 

c. 

39-70 

29-66 

25-69 

1-96 

2-23 

, 

045  - 

oa-.w 

d. 

41-54 

30-53 

21-34 

3-37 

. , 

0-39 

1-07  = 

98  24 

WZCXSXt-PTRXTBS.  CapUtary  Pyritei.  Native  sulphide  of  nickel  (p.  42). 

Strzcucb-VZT&ZOXM  Sulphate  of  nickel  (sec  p.  42,  also  SiLniATBs). 

irZCOTXA.innrB.  Tobacco-camphor.  C**H**N*0*.— A while  crystalline  substance 
obtained  by  distilling  tobocco-leares  with  water.  It  is  soluble  in  water,  alcohol,  atnl 
other;  melts  when  nested  and  then  gradually  evaporates.  (Hermbstadt,  Schw. 
J.  xxxi.  442;  Barral,  Compt.  rend.  xxi.  1.176.) 

mCOTZO  AGIO.  C*H*OV  A ciystalHsable  dibasic  acid  found  in  tobacco-juice 
by  Barral  (Compt.  rend.  xxi.  1374).  According  to  other  chemists,  however,  the  only 
acids  conUinod  in  tobacco-juice  arc  malic  and  citric  acids. 

irzCOTHm.  (Gm.  xir.  219;  Oerh,  ir.  184.) — Vauquelin  in  1809 

ascertained  that  the  acrid  principle  of  tobacco  was  volatile,  and  capable  of  wpamtion 
from  its  compound.*^  by  means  of  a fixed  alkali.  Possclt  and  Koimann  in  1828 
succeeded  in  obtaining  it  in  a state  of  comparative  purity  from  t he  leaves  of  yicoiiana 
Tabacum,  Macrophylta  rustica  and  M.  glutino$a.  For  a long  lime  nicotine  was 
supposed  to  have  the  formula  = C*H*N,  which  was  subsequently  altered  to 

C*/rA'  ■■  C‘H*X,  in  accordance  with  the  more  accurate  analyses  of  Melsens  nnd 
Schlcesing;  but  Barral,  by  a determination  of  its  vapour-density,  showed  it  to 
possess  in  the  free  state  a condensation  twice  as  grr-at  as  this,  its  formula  becoming 
therefore  4 volumes  of  vapour,  or  in  accordance  with  modem  ideas 

2 volumes.  It  is  considered  however  by  some  chemists  that  in  fomiiiig  certain  coni- 
Mund^  nicotine  breaks  up,  as  it  were,  into  two  groups,  having  the  composition 
C*1PN,  each  equal  to  II*.  The  experiments  of  Kekule  and  v.  Planta,  who  tnaUxl 
nicotine  with  the  iodides  of  the  alcohol-radicles,  indicate  unmi^takably  the  fact  that  in 
nicotine  the  group  C*H*  is  equivalent  to  H*.  The  molf'culo  of  nicotine  is  therefore 
derived  from  two  molecule  of  ammonia  in  which  the  hydrogen  is  replaced  by  C*H*, 
thus : — 

C-H-N’  = derired  from 

This  explains  why,  in  treating  nicotine  with  oxalic  acid  and  with  chloride  of  l»enzoy],  no 
substances  are  obtained  analogous  to  oxanilido  or  benzanilide  (Gerh.  iv.  185).  On 
the  other,  hand,  most  chemists  of  the  present  day  will  prefer  to  r»“gani  nicotine 
as  a diamine.  There  is  indeed  no  sumcient  oviaence  to  show  that  any  splitting 
up  of  nicotine  takes  place  under  the  influence  of  the  iodides  of  the  alcohol-nulicb*!*. 
We  shall  therefore  assume  in  this  article  that  the  compounds  assumed  by  Oerhardt  to 
contain  one  atom  of  methyl,  ethyl,  &c..  contain  twice  that  number,  and  that  tlic  va|x)iir- 
density  correctly  represents  the  molecule  of  niecAine  which  enters  into  all  its  known 
combinations. 

Preparation. — 1.  Tobacco-juice  is  treated  with  excessof  solution  of  hydrateof  potas- 
sium ; the  mixture  is  then  sbikcn  up  with  benzene  or  ether  in  stoppered  bottles ; the 
ether  is  decantesl  and  distillt'd  ut  a gentle  heat  sufficient  to  Volatilise  the  ether; 
and  the  heat  is  afterwards  raised  to  a sufficient  temperature  to  drive  over  the  nicotine. 
— 2.  A mixture  of  lime  and  powdcre<l  tobacco  is  placed  in  a cylirider  ntid  a current  of 
steam  from  a boiler  is  sent  m.  the  other  end  of  the  cylinder  l>eing  connected  with 
a.cundonsing  worm.  The  liquid  which  comes  over  contains  nicotine,  ammonia,  and 
some  other  bases  not  yet  examined.  The  liquid  Is  neutralised  with  sulphuric  acid 
and  the  solution  conceutrated  by  evaporation.  When  sufficiently  concentrated  it  is 
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treated  with  ammonia  to  liberate  tho  nicotine,  and  ether  is  then  added:  the  ethereal 
lution  on  evaporation  yields  the  nicotine  almost  pure.  It  may  be  further  puritied 
by  rectification  (Debize,  CompU  rend.  1.  874). — 3.  Tobacco  in  very  small  pieces  is 
digested  with  dilute  sulphuric  acid  for  three  days  and  then  pressid.  The  residue  is 
repeatedly  treated  in  this  manner  until  it  has  lost  its  acrid  taste ; and  the  liquid  so 
obtained  is  evaporated  to  half  and  then  distilled  with  lime.  The  distillate,  wliicli 
contains  tho  nicotine,  must  be  shaken  up  with  ether,  and  the  latter,  after  decantation, 
distilled.  Tho  ether  readily  distils  away,  leaving  the  nicotine  in  an  impure  st.'itc. 
It  is  to  be  kept  warm  for  a considerable  time  and  then  heated  to  140°,  at  which 
temperature  it  will  give  o6T  ammonia  and  other  less  volatile  impurities.  Lime  is  to  be 
added  to  the  residue,  and  the  mixture  distilled  in  an  oibhnth  at  190°,  in  a current 
of  hirdrogen.  The  product  of  this  operation  redistilled  in  a current  of  hydrogen 
yields  the  nicotine  pure  and  colourless  (Barral). — 4.  Tobacco  is  treated  with  water, 
and  the  solution  concentrated ; the  extract  is  dissolved  in  alcohol,  which  after  decan- 
tation is  likewise  concentrated ; and  this  last  extract  is  trt'uted  with  hydrate  of 
potas.«iuin,  then  agitated  with  ether,  to  dissolve  the  nicotine  and  also  some  foreign 
substances,  which  are  got  rid  of  by  precipitating  the  alkaloid  in  the  state  of  oxalate. 
This  precipitate  is  washed  by  agitating  it  with  ether,  then  treute<l  with  potash,  again 
dissolved  in  ether,  and  submitted  to  distillation.  The  residue  of  the  distillation 
is  coloured  but  limpid,  and  contains,  besides  nicotine,  water,  ether,  and  ammonia; 
a temperature  of  140^,  maintained  for  12  hours,  and  assisted  by  a current  of  dry 
hydre^en,  suffices  to  expel  these  tliree  bodies,  so  that  the  nicotine  passes  over  pure  and 
colourlees,  when  tho  temperature  is  subsequently  raised  to  180°. — Two  lbs.  of  good 
tobacco,  grown  in  the  department  of  T/it,  are  capable  of  yielding  by  this  process  from 
60  to  60  grammes  of  nicotine.  (Schlocsing.) 

The  amount  of  nicotine  in  leaf  or  manufactured  tobacco  may  be  accurately  ascertained 
by  a simple  and  easy  process.  Ten  grammes  of  tobacco  are  exhausted  with  ammoniacni 
ether  in  a continuous  distillatory  apparatus,  the  amraoniacal  gas  is  expelled  from  the 
nicotine  solution  by  boiling ; the  liquid  is  then  decanted,  and,  after  evaporation  of  tho 
ether,  neutralised  by  a solution  of  sulphuric  acid  of  known  strength.  (Schlcesing, 
Compt.  rend.  Dec.  1846,  Chem.  Gaz.  1847,  43.) 

EstrucUon  of  nicotine  from  the  contents  of  the  stometch,  or  from  the  Bubetance  of 
animal  tissues  in  cases  of  poisoning,-^\.  For  this  purpose  it  is  only  necessary  to  add 
excess  of  hydrate  of  potassium  and  repeatedly  extract  with  ether  or  pure  benzene.  On 
evaporation  in  a retort  at  a gentle  heat,  the  nicotine  will  remain  in  an  impure  state. 
It  may  then  be  converted  into  a sulphate,  the  solution  filtered,  and  the  nicotine  re- 
obtained  by  a repetition  of  the  first  process  by  mcan.s  of  hydrate  of  potassium  and  ether. 
—2.  Or  the  contents  of  the  stomach  may  be  repeatedly  (xhau.stcd  by  a dilute  acid,  and 
the  filtered  and  evaporated  solution  may  bo  made  to  give  up  iu  nicotine  in  tho 
manner  previously  indicated.  (See  also  Alkaloids,  Detection  of,  in  CuEiuco-LEOAL 
crvBsnoATioNs,  voL  i p.  125.) 

The  following  table  contains  the  percentage  of  nicotine  in  various  kinds  of  tobacco 
according  to  the  experiments  of  Schlcesing:— 


Nanrn  i>r  the 
tobacco. 


Kicivtine  In  100  parU 
of  the  dried  tobacco. 


Name!  of  the 
tobacco. 


Nicotine  In  100  pt«. 
of  the  Urlnl  tobacco. 


Lot 

. 7B6 

Lot-et-Garonne 

. 7-34 

Nord 

6-58 

Ille-et-Vilaino 

. 6-29 

Pas-de-Calais 

. 4-94 

Alsace  . 

. 3-21 

Virginia  . 

, 

. 6-87 

Kentucky 

. 609 

Maryland 

. 2-29 

Havannah 

. 200 

Properties. — Colourless  transparent  oil,  which  does  not  freeze  at  —10°,  it  gives  ofi 
excessively  irritating  vapours  when  heated  and  boils  at  250°  (Barra  1).  Its  specific 
gravity  at  various  temperatures  is  as  follows : 

Temp.  . . 4°  15°  30°  50°  101’5° 

Sp.  gr.  . . 1 033  1-027  1 018  1 0006  0 9424 

Nicotine  has  a burning  taste  even  when  very  much  diluted,  and  causes  choking.  When 
it  is  placed  on  the  tongue  of  a dog  in  a fatal  dose,  the  epithelium  Kepurates  after  death 
with  fecility  (Orfila).  It  dilates  the  pupil  when  taken  internally  (Orfila).  5 milli- 
grammes Bufi[iced  to  kill  a middle-sized  dog  ID  3 minutes.  When  |th  of  a grain  was  dropped 
into  the  eye  of  a cat,  contracium  of  the  pupil  took  place  followed  by  narcotic  symptoms 
which  passed  off  in  an  hour.  Nicotine  has  a strong  alkaline  reaction;  it  strongly  dt  fleets 
the  plane  of  polarisation  to  the  lefr.  At  100°  it  dis*9olv«*s  10-58  per  cent  of  sulphur. 
It  is  very  soluble  iu  waier^  alcohol,  dher,  and  fat  oils.  Dissolves  in  any  quantity  in 
t'irpentine  and  hydrocarbons  having  similar  solvent  powers,  VafKiur-ueiisity  (after 
allowing  for  a ^*sidue  of  3 per  cent,  in  the  balloon)  5'607 ; calc.  5 616. 
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Ikcompotiticms, — 1.  Kiootine  rectifloil  ever  so  carf^fully  in  a cnirent  of  h)’drog(»i) 
becomes  raj^idlj  yellow  ami  filially  brown  when  exposed  to  light  or  air. — 2.  It  always 
leaves  a resmous  residue  when  distilled. — 3.  Bums  with  a bright  smoky  flame  in  a lamp 
with  a wick. — I.  Evolves  inflammable  vapours  when  heated  to  its  boiling  point. 
—6.  Boiling  flc/rf  decomposes  it  entirely. — 6.  Heated  with /inc^ureo/  iWtn^ 

it  yields  in-imlonicotino  (Werthoim). — 7.  When  it  is  dropped  into  chlorinf,  violent 
action  takes  place  sometimes  accompanied  with  emission  of  ligiit ; and  a red  colour  is 
devclopetl,  which  how«*ver  disappears  on  exposure  to  light  for  some  days.  This  decolor- 
ised fluid  treate<l  with  water,  jnelds  a white  substance  which  crystallises  from  alcohol. 
— 8.  Hydrochlorate  of  nicotine  treated  with  chlorine  yields  a crj'stallised  substance 
soluble  in  water  Imt  insoluble  in  alcohoL — 9.  Nitric  nciil  decomposes  it,  yielding  a 
liquid  from  which  alkiili.H  disengage  a volatile  base,  probably  ethylamino  (Anderson). 
— 10.  When  the  alcoholic  solution  is  treated  with  gaseous  cyanogen,  a brown  non-basic 
substance  is  formed  (Hofmann,  Stahlschmidt). — 11.  Cyanate  of  ethyl  hirma  with 
nicotine  a comjx»und  crystallising  in  beautifid  lamimo.  (Wurtz.) 

Jtraciionsof  Nicotine. — 1.  Nicotine  in  aqueous  solution  gives  with  tincture  of  iodine 
a yellowish  turbidity  becoming  crimson,  this  reaction  occurring  even  when  the  nicotine 
solution  contains  only  of  base  (Posse It  and  Keiman  n).  According  to  v.Planta, 
the  precipitate  is  of  a kermes-brown  colour.  (Probably  the  tint  changes  as  the  quantity 
of  iodine  tincture  becomes  larger.) — 2.  Aqueous  solution  of  nicotine  gives  white  precipi- 
tates with  solution  of  aertaie  of  Uad,  Tn^rewne  chloride,  ttannoue  a)id  etannic  chlorides, 
salts  of  rinc,  and  gallotannic  acid ; with  platinie  chloride^  a yellow  precipitate ; with 
ferric  salts,  an  ochre-yellow  precipitate  not  soluble  in  excess  of  base;  witli  trichloride 
of  gold,  a reddish-yellow  precipitate.  With  chloride  of  cobalt,  a blue  precipitate 
is  formed  becoming  green  and  slightly  soluble  in  excess  of  bas&  When  perchloride 
of  antimemy  is  added  drop  by  drop  to  a solution  of  phosphoric  acid,  a liquid  is 
obtained  which  gives  a slignt  turbidity  in  an  aqueous  solution  of  nicotine  containing 
^gth  (Schulze).  With  phosphate  of  magnesium,  an  aqueous  solution  of  nicotine 
gives  a gelatinous  precipitate.  Hydrochloric  solution  of  nicotine  gives  with  solution 
of  platinie  chloride  a yellow  crystAlline  precipitate  if  the  solutions  arc  strong; 
but  if  weak,  four-sided  prisms  are  deposited  after  a time.  A similar  solution 
of  nicotine  gives  with  picric  acid,  sulphur  yellow  flocks,  with  auric  chloride,  light 
yellow  flocks,  sparingly  soluble  in  hydrochloric  acid. — 3.  Hitric  acid  partially  decom- 
poses nicotine,  with  evolution  of  red  fumes,  the  solution  when  boiled  becoming  of  a 
reddish-brown  colour  similar  to  the  tint  of  a strong  solution  of  platinie  chloride.  Phos^ 
pho-molybdie  acid  gives  with  nicotine  and  its  salts  a bright  bulky  yellow  precipitate. 
(Sonnenschein). 

Salts  of  Wtcotlne.  Sulphate  of  Hicotine  is  uncrystsUisable.  very  soluble  in  water 
and  in  ulcuhol.  100  pts.  of  sulphuric  acid  neutralise  329  7 of  nicotine,  eonvsjwndiiig 
to  the  formula  2C’*H“N’n*SO*. — The  nitrate  ciystalli.Hes  with  difficulty. — The  hydro- 
chlorate, C'*H'*N^.2HC1,  is  a deliquescent  salt  which  may  l>e  obtiiin»Kl  in  long  fibrous 
crystals  by  treating  nicotine  with  gaseous  hydrochloric  acid,  and  keeping  the  product 
for  a time  in  vacuo.  The  alcoholic  solution  deflects  the  plane  of  }>olarisation  to  tho 
right. — The  plutsphate  i.s  obtained  liy  neutralising  an  aqueous  solution  of  phosphoric 
acid  with  nicotine,  as  a syrupy  liquid  which  yields  large  laminar  cry’stals  resembling 
cholestcrin. 

Oxalate  of  nicotine  forms  crystals  very  soluble  in  water  and  boiling  alcohol,  insoluble 
in  other. — Tho  acetate  is  a syrupy  liquid  soluble  in  ether. — Tho  tartrate  forms  granular 
crystal.^  very  soluble  in  water. 

Double  salts  of  nicotine.  Platinum-salt,  C‘®H'*N^2HC1.2PtCI*. — When  a 
solution  of  platinie  chloride  is  added  to  a strong  hydrochloric  solution  of  nicotine,  a 
yellow  crystalline  precipitate  is  obtained.  If  the  solutions  are  dilute,  four-sided  prisms 
will  gradually  form,  or  sometimes  lai^e  ruby-red  crystals,  Tho  salt  is  very  soluble  in 
slight  excess  of  nicotine;  di.ssolves  with  difficulty  in  cold,  but  more  easily  in  boiling 
water,  is  insoluble  in  alcohol  and  in  ether. 

Compounds  of  nicotine  with  Protochloride  of  IHatinum.  a.  C**H'*N*.4nC1.2PtCl. 
When  nicotine  is  gradually  added  to  a hydrochloric  solution  of  platinous  chloride,  tho 
mixture  bi’ing  agitated,  an  orange-yellow  precipitate  is  obtainecl  having  the  above  com- 
position (Kuewsky).  It  is  insoluble  in  cold  water,  but  soluble  in  boiling  water,  and 
18  deposited  from  tho  latter  solution  on  standing  in  the  crystalline  form. 

When  tho  mother-liqnor  of  the  above  salt  is  evuporat<*d,  red  prisms  are  obtained 
containing  only  2 atoms  of  hydrochloric  acid,  C“N’ll*V2PtC1.2HCl.  (Kaewsky.) 

Gold-salt.  Hydrochlorate  of  nicotine  abided  to  a solution  of  auric  chloride  throws 
down  a pule  yellow  flocculent  precipitate,  almost  insoluble  in  hydrochloric  acid, 
(v.  Planta.) 
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Mfrcvry-sait,  of  Sieotine.  1.  With  Mercuric  Chloride,  a.  C*H*'N*  Hhg"Cl*. — 
Obtained  by  precipitating  a (K>Iution  of  mercuric  chloride  by  a solution  of  nicotine. 
— White  crystalline  precipitate,  insoluble  in  water  and  in  ether,  almost  insoluble  iu 
alooboL  Melts  below  lUO*^.  (Ortigosa.) 

C**Il“N*.3HhgXl*. — Obtained  by  addins  a saturated  solution  of  mercuric  chloride 
to  a dilute  solution  of  nicotine  in  hydrochloric  acid,  until  a permanent  precipitate 
begins  to  be  formed.  The  turbid  liquid  wlien  left  at  rest  for  some  days,  yields  the  salt  in 
colourless  or  yellowish  crystals  often  an  inch  long,  sparingly  soluhle  in  alcohol  or  cold 
water,  dissolving  readily  and  without  decomposition  in  water  acidulated  with  hydro- 
chloric acid,  decomposed  by  boiling  with  water.  (Budeker.) 

7.  C'*lI'*N*.HCL4Hhg"Cl*.  Crystalline  precipitate  ubtainecl  by  adding  a cold 
neutral  solution  of  hydrochlorate  of  nicotine  to  a huge  excess  of  aqueous  solution  of 
mercuric  chloride.  Biasolves  iu  boiling  water,  yielding  on  cooling  radiating  groups  of 
needles. 

C^ano-chloromercnraU  of  Nicotine.  Obtained  on  adding  to  a dilute  solution  of 
neutral  hydrochlorate  of  nicotine,  about  an  equal  volume  of  u saturated  solution  of  mer- 
curic cyanide.  It  is  d»‘posited  in  tufts  of  silky  needles.  Dissolves  easily  in  cold  op 
boiling  water,  and  in  alc^»hol.  The  solution  is  not  precipitated  by  hydrate  of  potas- 
sium even  on  heating.  Treated  with  hydrochloric  acid,  it  evolves  hydrocyanic  acid, 
Its  formula  has  not  b^-n  determined  with  certainty. 

2.  With  Mercuric  Iodide,  a.  C'®H“N*.Hhg"D. — Colourless  crj'stals  obtained  by  tri- 
tnratiog  nicotine  with  mercuric  iodide,  and  subsequently  treating  the  mass  with  boiling 
water.  The  reaction  is  so  energetic  that  sufficient  heat  is  evolved  to  vaporise  part  of 
the  nicotine. 

C'*H'*NMIhg'l*.2HI.  To  prepare  this  salt,  nicotine  is  dissolved  in  dilute 
bvdriodic  acid,  and  a solution  of  mercuric  iodide  in  hydriodic  acid  is  added  until  the 
precipitate  ceases  to  be  redissolved,  and  the  solution  becomes  turbid.  The  salt  soon 
txgins  to  crystallise.  The  mother-liquor  cannot  bo  concentrated  without  decomposition. 
Yellow  prisms  sparingly  soluble  in  cold  water  and  in  alcohol.  Decomposed  by  boiling 
water,  with  s(*paration  of  a reddish-yellow  resinous  matter.  Insoluble  in  solution  of 
hydrate  of  potassium. 

Nicotine  urith  Nitrate  of  Silver,  a.  C'*H'*N*,NO*Ag. — Colourless  prisms  obtained  on 
mixing  a cold  dilute  alcoholic  solution  of  nicotine  with  on  excess  of  on  alcoholic 
solution  of  silver  nitrate. 

$.  2C’*lI‘*N*.NO*Ag.  Prepared  like  the  preceding,  but  employing  an  excess  of 
nieoLine.  It  is  deposited  in  a dilute  solution  and  by  spontaneous  evaporation  in  fine 
prisms. 

Compound  of  Nicotine  xcith  Iodine^  (C'*H**N*)*I*.-— Ethereal  solutions  of  iodine  and 
nicotine  combine  when  mixed,  evolving  sufficient  beat  to  make  the  ether  l>oiI. 
In  a short  time  the  mixture  becomes  filled  with  ciystals.  In  more  dilute  solutions 
the  substance  is  deposited  in  tho  form  of  niby-rcd  needles  (Wertheim).  The  com- 
pound melts  at  100^  without  decomposition.  It  is  decomposed  in  tho  cold  by  solution 
of  hydrate  of  potassium,  nicotine  being  liberated  and  iodide  and  iodate  of  pota.ssium 
being  formed. — A hpdrochlorate,  (C'*H'*N^)*I*.2HC1,  is  obtained  in  fine,  clear,  ruby-red 
crystals,  by  cautiously  saturating  with  hydrochloric  acid  a very  weak  alcoholic  solution 
of  the  iodine-compound,  and  placing  the  Liquid  in  vacuo. 

Methyl’,  Nthyl’^  and  Amyl-derivatives  of  Nicotine. 

Methtl-Nicotute.  C'*K'*(CH*)*N*. — Prepared  by  mixing  nicotine  with  iodide  of 
methyl.  The  reaction  proceeds  slowly  in  the  cold,  but  is  greatly  assisted  by  heat  Tho 
ciystalline  product  of  the  reaction  is  to  bo  rccrystollised  from  water.  The  aqut'ous  solu- 
tion mixed  with  recently  precipitated  oxide  of  silver  yields  iodide  of  silver  and  solution 
of  methyl-nicotine.  The  solution  evaporated  over  sulphuric  acid  at  100®  yields  a 
viscid  mass  containing  methyl-nicotine. 

Methyl-nieotinc  is  solnblu  in  water,  yielding  a bitter  alkaline  solution  which  feels 
Blippery  between  tho  fingers.  The  solution  saturates  aci<h<,  forming  salts  of  which 
the  sulphate,  hydrochloi’uTe,  nitrate  and  hydrocyanate  crystallise,  but  with  difficulty 
(Stahlschmidt).  The  hvdrofluate,  acetate,  oxidate  and  tartrate  do  not  ciystallise. 
The  alkaline  solution  described  above  precipitates  salts  of  iron  and  copper ; it  also  dis- 
solves recently  precipitated  hydrate  of  aluminium.  (Stahlschmidt.) 

HydriodaU  of  Methyt-nicotine,  The  atom  of  nicotine  unquestion- 

ably containing  10  atoms  of  carbon  (C  » 12),  we  may  assume  that  it  reacts  upoq 
2 atoms  of  iodide  of  methyl,  so  that  tho  resulting  compound  has  tho  above  formula. 
It  is  prepared  by  the  action  of  iodide  of  methyl  on  nicotine  as  aliove.  (Stahl- 
schmidt.) 

Tho  plntinum  Bah  of  nKthyl-nicotine^  C'’II'*N’.21IC1.2PtCl*  is  a crystalline 
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powdor,  npiringly  soluble  in  cold  water,  insoluble  in  alcohoL — The  gold-saUt 
2UC1.2AuC1*,  is  a paUe  yellow  precipitate,  almost  insoluble  in  cold  water  and 

alcohol. 

KtiiyL'XIcotixb.  The  hydrate  of  this  base  is  prepared  by  a similar  process  to  the 
hytlrate  of  methyl-nicotine,  substituting  iodide  of  ethyl  for  io^de  of  methyl.  Its  pro- 
perties arc  similar  to  those  of  methyl-nicotine. 

of  Ethyl‘i\icotinr,  C‘*H**N’.2HI,  obtained  by  the  action  of  iodide  of  ethyl 
on  nicotine  in  sealed  tubes  at  100°,  forms  fine  colourless  prisms,  very  soluble  in  water, 
sparingly  in  alcohol  and  ether  (Von  Plants  and  Kekule). — The  platinum-salt ^ 
C'UI”N*.2HC1.2PtCP,  is  a yellow  flocculent  precipitate  which  gradually  becomes 
oninge  coloured  and  crystalline. — The  gold  salt,  C‘*H**N’.2HCL2AuCl*,  is  a sulphur- 
yellow  precipitate  produced  by  adding  solution  of  trichlorido  of  gold  to  a solution 
of  hydn^hlonite  of  ethyl-nicotine ; it  is  solnble  in  boiling  water  and  is  deposited  in 
beautiful  needles  on  cooling. 

AsfYL-KicoTiNn.  Known  only  in  solution  and  in  the  state  of  platinum-salt.  It  is 
prc|iared  in  the  same  manner  as  the  corresponding  compounds  of  methyl  and  ethyl, 
only  os  iodide  of  amyl  acts  slu^shly,  the  tubes  must  be  heated  for  some  days. 

The  platinum-salt,  2lICL2PtCl*,  is  a yellow  precipitate  not  yet  ol)tained 

in  the  cr)'8tHllino  state.  C.  G.  W. 

SrZOS&^LZSr.  A viscous  substance  obtained  tromyigella  sativa,  (Keinseb, 
Pliarm.  Ontr.,  1842,  p.  314.) 

M^ZGRZC  ACZ3>.  This  name  was  applied  by  Lowig  and  Woidmanntoa 
black  humiis-liko  substance  found  among  the  products  of  the  action  of  potassium  or 
sodium  on  oxalic  ether.  They  assigned  to  it  the  formula  C’H‘0*.  (Haudw.  d.'Chom. 
V.  573.) 

KTCRZn’.  A mixture  of  rutile  with  titaniferous  iron,  occurring  in  brown-black 
granules  in  the  gold-sand  of  Oiilafian  in  Transylvania;  also  in  crystals  having  the 
form  of  rutile  at  Bernau  in  Bavaria.  {^Rammelsb^'s  Mineralchcmie,  p.  1008.) 

IVZBmnM  AZtBiraz.  An  impure  oxide  of  zinc  which  collects  on  the  sides  of  the 
furnaces  in  the  smelting  of  zinc-ores  and  the  preparation  of  brass. 

irna'AFRTASE,  XOnrAPHTlISB,  VXSrAPBTZSB,  Laurent's  names  fur 
moni-,  di-,  and  tri-nitronaphthalene. 

BZBAPBTBTZiJUBZWB.  Hinaphthglidine,  C*H*N*0  (C.  S.  Wood,  Chem. 
Oaz.  1859,  p.  218). — An  organic  ba.so  produced  by  passing  sulphydric  acid  gas  through 
a boiling  alcoholic  and  feebly  ammoniacal  solution  of  dinitronaphthaleue : 

C**H'(NO’)»  + 4n*S  - C'*n"N^O  + 3H’0  S'. 

The  passage  of  the  gas  is  continued  for  about  three  hours,  by  which  time  the  greater 
part  of  the  alcohol  lias  distilled  off.  The  residue  is  then  supersaturated  with  dilute 
sulphuric  acid,  heated  to  boiling,  and  filtered.  The  filtrate  on  cooling  deposits  sulphate 
of  niuapbthylamiuc,  from  the  solution  of  which  the  base  may  be  precipitated  by  am- 
monia. 

Ninaphthylamino  crystallises  in  beautiful  carmine-red  needles,  slightly  decomposed 
at  100°.  The  C"H"N*O.HCl.  forms  acicular  ciystals  ; the  ckloroplati- 

nate.  C<"H>N'O.UCU>tCl’,  is  precipitated  in  yellowish-brown,  rat  her  soluble  crj’stols,  on 
adding  platinic  chloride  to  a solution  of  the  base  in  ethcr-alcohol.  The  snlphaU 
(C'*H'N^O)*.H*SO*  crystallises  in  white  scales,  but  is  decomposed  by  recrystallisation 
from  its  aqueous  solution. 

BZOBZTEf  or  Columbite.  Kative  niobito  of  iron  and  manganese  (p.  54). 

BZOBITTM.  .SjTi.  Columbium.  Symbol,  Nb. — Atomic  weight,  98. 

A metal  discovert  in  1801  bv  Hatchett,  in  a black  mineral  called  cclumlntt  from 
North  America,  and  thence  called  Columbium.  Wollaston  in  1809  examined  it 
further  and  pronounced  it  to  be  identical  with  the  tantalum  discovered  by  Bkeberg, 
in  Swedish  tantalite.  This  idea  of  the  identity  of  the  two  metals  remained  current 
till  1846,  when  H.  Bose  (Pogg.  Ann.  Ixiii.  317  ; hix.  115),  by  a more  careful  investi- 
gation, was  led  to  conclude  Uiat  the  American  columbito  and  the  tantalite  from 
Ikxb-nmais  in  Bavaria  contained  two  acid.s  bearing  a very  close  resemblance  to  tantalic 
acid,  but  nevertheless  distinct  from  it  and  from  each  other.  To  the  metals  supposetl 
to  in  these  acids,  Bose  assigned  the  names  Niobium  and  Ptlopium.  But  by 

later  investigations  (Pogg.  Ann.  xc.  456)  ho  finds  that  those  two  acids  really  contain 
the  same  metal  associated  with  different  quantities  of  oxygen;  he  therefore  discards 
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the  name  pelopium,  and  deeignates  the  metal  contained  in  American  cohunbite  and 
Bararian  tantalite  as  niobium.  This  metal  is  clearly  the  same  as  the  one  discovered 
by  Hatchett  more  than  sixty  years  ago,  and  ought  perhaps,  in  justice  to  its  discoverer, 
to  retain  the  name  columbium  which  be  gave  to  it;  but  as  the  rediscovery  of  the 
metal  is  certainly  duo  to  Hose,  who  has  moreover  completed  its  chemical  history  by  the 
preparation  and  analysis  of  a considerable  number  of  its  compounds,  chemists  are,  for 
most  part,  agreed  to  designate  it  by  the  name  which  he  assigned  to  it,  namely 
litoinum,  the  Memoirs  already  cited;  also  Fogg.  Ann.  civ.  310,  432  and  681 ; 

ev.  424 ; cvi.  143;  evii.  666;  cviii.  *273  and  466;  cxi.  193  and  426;  cxii.  468  and 
649. — Jabresber.  1868,  p.  151  ; 1859,  p.  156  ; 1860,  p.  146. — Traiti  complet  de  ChimU 
analyti^ue,  par  H.  iCose ; Paris,  1868,  1861 ; i.  306  ; ii.  469.) 

Niobium  occurs,  as  already  mentioned,  in  columbite,  which  is  a compound  of  niobous 
oxide  with  the  protoxides  of  iron  and  manganese ; also,  associated  with  yttrium, 
uraninm,  iron,  and  small  quuntities  of  other  metals,  in  Siberian  samarskite,  urano> 
tantalite  or  yttro-ilmenite,  also  in  pyrochlore,  euxenite,  and  a variety  of  pitchblende 
from  Satersdalen  in  Norway. 

MrtaWc  niobium  is  obtained  by  heating  fluoride  of  niobium,  or  fluoride  of  niobium 
and  potassium  or  sodium,  with  s^um  in  a covered  iron  crucible,  and  washing  out  the 
soluble  salts  with  water;  also,  though  impure,  by  heating  niobite  of  sodium  in 
hydn>gen  gas  containing  phosphorus  vapour.  It  is  a black  powder,  of  specific 
gravity  6 27 — 6 67,  which  oxidises  with  incandescence  when  heated  in  the  air, 
forming  niobous  oxide,  Nb*0*.  When  somewhat  strongly  heaU-d  in  chlorine  gas,  it  is 
converted,  al.-io  with  incandescence,  into  a mixture  of  niol>oua  and  niobic  cbloridtrs. 
The  metal  pr»'pared  by  the  first  method  dissolves  while  still  moist  in  boiling  dilute 
hydrochlork'  acid,  with  evolution  of  hydrogen,  forming  u colourless  liquid.  Nitric  acid 
does  not  dissolve  it,  even  when  heal<tl ; nitro-muriatic  acid  less  easily  than  hydrochloric 
acid.  It  dissolves  in  hot  hydrojhwn'c  add,  with  evolution  of  hydrogen,  and  in  a mix- 
ture of  hydro/Iuoric  and  nitric  acids,  even  at  ordinary  temperatures.  Strong  sulphuric 
acid  <lis8olves  it  on  prolonged  heating,  forming  a brownish  liquid,  which  becomes 
colourless  when  largely  diluted  with  water,  and  yields  with  ammonia  a bulky,  some- 
what brownish  precipitate.  The  metal  is  oxidised  by  fu.«iion  with  acid  sulphate  of 
pidasjtium,  and  the  fused  mass  digested  in  water  leaves  niobous  oxide.  It  is  gradually 
converted  into  niobite  of  potassium  by  boiling  with  aqueous  potash,  more  quickly  by 
fusion  with  carlnmaie  of  potassiu7n. 

Niobium  forms  two  series  of  compounds,  the  niobous  or  hyponiobic  compounds 
in  which  it  is  triatomic,  e.g,  niobous  chloride  NbCl*,  niobous  oxide  Nb’O*,  and  the 
niobic  comf>ounds  in  which  it  is  tetratomic,  e.g.  niobio chloride  NbCl*,  niobic  oxide 
NbO*.  Both  the  oxides  are  of  electro-negative  or  chlorous  character,  uniting  with 
Ldsylous  oxides  to  form  salts,  viz.  the  niobites  or  byponiobates,  and  niobates. 

It  is  remarkable,  however,  that  niobic  oxide  cannot  be  formed  from  niobous  oxido 
by  direct  oxidation,  and  for  these  reasons,  as  well  as  on  account  of  certain  dififerences 
in  the  blowpipe  reactions,  to  be  afterwards  noticed,  Rose  regards  the  niobous  and 
niobic  compounds,  not  as  related  to  one  another  like  different  oxides,  chlorides,  &c.,  of 
one  and  the  same  metal  (the  ferrous  and  ferric  compounds  for  example),  but  rather  as 
distinct  scries  of  compounds  containing  the  same  metal  in  different  allotropic  modifica- 
tioQ.s.  Hence  be  designates  the  higher  oxide,  &c.,  as  compounds  of  niobium;  the 
lower  as  compounds  of  hgjxmiolnum.  But  when  it  is  remembered  that  the  two  chlorides 
are  convertible  one  into  the  other  (p.  60),  and  that  by  their  intervention  the  higher 
oxide  may  be  formed  from  the  lower,  and  morvover  that  the  lower  oxido  can  be 
formed  (though  not  readily)  from  the  higher,  by  the  action  of  hydrogen  and  other 
reducing  agents  (p.  63),  there  appears  to  be  scarcely  sufficient  reason  for  regarding 
th^  two  oxides,  <&c.,  of  niobinm  as  standing  to  one  another  in  any  peculiar  relation 
different  from  that  of  the  ferrous  and  ferric  compounds,  for  example;  wo  shall  there- 
fore adhere  to  the  ordinary  mode  of  designation  by  the  terminations  ous  and  ic.  The 
differences  in  the  blowpipe  rewtions  of  the  two  oxid<‘S  (which  are  but  slight)  aro 
doubtless  connected  with  the  difficulty  of  passing  from  one  state  of  oxidation  to  the 
other,  a difficulty  which  we  are  not  at  present  able  to  explain. 

VZOSXUlttf  BSOMZDE8  01*>  Niobium  forms  two  bromides  analogous  to  the 
chlorides,  and  obtained  by  similar  processes.  Niobous  bromide  is  yellowish,  niobic 
bromide  purple-red  ; both  are  apt  to  retain  small  quantities  of  free  biMminc*. 

WZOBXraf*  CBXiOBZOBS  OF.  These  compounds  are  prepared  bv  the  action 
of  chlorine  at  a red  heat  on  the  corresponding  oxides  mixed  with  ciiurooaL  Niobous 
oxide  or  the  mixture  of  that  compound  with  niobic  oxide  separated  from  columbite  by 
processes  to  be  hereafter  described,  is  mixed  with  starch  or  sugar,  and  the  mixture  com- 
pletely charred  by  i^ition  in  a covered  crucible.  It  is  then  int^uced  in  small  pieces 
into  a glass  tube  which  is  strongly  heated  by  a charcoal  lire  or  u gas  furnace,  while  a 
VoL.  IV.  E 
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stream  of  dry  carbonic  anhydrido  is  passed  throuj^h  it.  As  soon  as  all  the  moisture  is 
expelled,  the  tube  is  left  to  cool,  the  stream  of  carbonic  anhydride  being  still  kept  up  ; the 
carbonic  anhydrido  apparatus  is  then  replaced  by  a chlorine  appamta^ ; and  the  tube  is 
again  heated,  after  the  carbonic  anhydride  and  atmospheric  air  hare  been  comploiely 
expelled  by  the  chlorine.  Two  chlorides  are  thus  obtained,  via.  nio/fous  chloride, 
white,  Tolatile,  bat  not  fusible  ; and  niobic  chloride,  yellow,  volatile,  easily  fusible,  and 
containing  a larger  proportion  of  chlorine.  It  was  the  formation  of  the«<>  two  chloridea 
which  originally  led  I^so  to  coiicludo  that  certain  varieties  of  tantalite  (or  rather 
columbite)  contained  two  distinct  metals,  niobium  and  pelopium  ; but  biter  experi- 
ments convinced  him  that  the  substance  which  he  then  regarded  as  perfectly  pure 
niobic  acid,  obtained  by  the  action  of  water  on  the  white  chloride,  may,  by  mixing  it 
with  a large  excess  of  charcoal,  and  gently  igniting  it  in  a stream  of  chlorine  gas,  with 
strict  attention  to  the  details  above  given,  be  c«impletely  converted  into  the  yellow 
chloride,  originally  called  chloride  of  pelopium ; whereas  if  a smaller  (quantity  of 
chiiTCoal  be  used,  or  if  the  mixture  be  too  strongly  ignited  during  the  action  of  the 
chlorine,  esp*x;ially  at  the  commencement,  the  white  and  less  volatile  chloride  (originally 
called  chloride  of  niobium)  is  obtained  as  well  as  the  yellow  compound. 

Niohout  Chloride^  NbCl*.  Chltyridf  of  Ih/p<miohitvn. — The  white  chloride  pre- 
pared as  above,  always  retains  a certain  quantity  of  oxygen:  for  when  hejited  in  sul- 
phydric  acid  gas,  whereby  it  is  converted  into  a sulphide,  it  gives  off  a small  quantity 
of  water,  together  with  the  hydrochloric  acid.  But  on  heating  it  in  vn|xmr  of  disul- 
phide of  earlwn,  the  oxide  with  which  it  is  mixed  is  converted  into  sulnhide,  while  the 
chloride  its«‘lf  is  volatilised  in  the  stream  of  vapour,  and  is  thus  obtained  quite  free  from 
oxide.  This  pure  niobous  chloride  was  found  to  contain  47*86  per  cent,  niobium  anil 
fi*2T4  chlorine,  the  formula  requiring  48  0.5  niobium,  and  61'95  chlorine.  The  chlorido 
treated  with  water  is  converted  into  niol>ous  acid. 

Niobic  Chloride^  NbCl‘. — This  is  the  yellow  chloride  above  mentioned.  It  gave, 
as  the  mesin  of  several  analyses,  40*77  per  cent,  niobium  and  59*23  chlorine,  the  for- 
mula n'qniring  40*91  niobium  and  59  09  chlorine.  (Respecting  the  vapour-d«*nsity, 
see  p.  52.)  U’atrr  converts  it  into  niobic  oxide.  When  pure  and  fn‘e  from  oxygen 
it  docs  not  yield  any  niobic  sulphide  by  sublimation  in  vapour  of  disulphide  of  carbon. 
With  strong  sulphuric  acid,  it  gives  off  hydrv>ehloric  acid,  and  forms  a solution  which 
become.s  turbid  on  Iwiiling  and  solidifies  in  a jelly  on  cooling.  It  dissolves  in  ht/dro~ 
ch/oric  acid,  and  with  aid  of  heat  in  aqueous  potash.  With  alcohol  it  forms  a clear 
solution,  which  when  freed  by  distillation  fn>m  alcohol,  hydrochloric  acid,  and  chlorido 
of  ethyl,  leaves  a thick  syrupy  liquid  consisting  of  n ioba t e of  ethyl.  7,inc  immerseii 
in  the  hydrochloric  solution  of  niobic  chloride,  diluted  with  water,  produces  a fine  blue 
coloration ; a still  finer  colour  is  obtained  by  pouring  sulphuric  acid  on  niobous  chloride, 
then  adding  water  and  metallic  zinc. 

SriOBITTM,  DSTSCTXOir  Af9*l>  ESTXMATXOX'  OV.  1.  Rtaciions,^ 
The  compounds  of  niobium  cannot  easily  be  mistaken  for  those  of  any  other  metal  except 
tantalum.  Indeed  tht^se  two  metals  may  be  said  to  form  a group  ajiart,  distinguished 
by  markiHl  characters  from  all  others,  espcetally  by  the  perfect  insolubility  of  their 
oxides  in  aeiils  after  ignition,  and  by  their  blowpipe  rt'oetious  ; further  by  the  fact  that 
when  fused  with  excess  of  acid  sulphate  of  potassium,  they  dissolve,  forming  a fu.nMl 
mass  from  which  the  oxide  of  niobium  or  of  tantalum  may  be  completely  sepamted  in 
the  insoluble  state  by  dLssolving  out  the  soluble  salts  with  water  ; from  silica,  which 
resembles  these  oxides  in  its  insolubility  in  acids  after  ignition,  they  are  ea.sily  distin- 
guished by  their  blowpipe  reactions. 

Niobous  oxide  heated  before  the  blowpipe,  especially  in  the  inner  flame,  assumes  a 
greenish-yellow  colour  while  hot,  but  l^omes  colourless  on  cooling.  With  borax  it 
forms  in  the  outer  flame  a colourless  bead,  which,  if  the  oxide  is  in  sufficient  quantity, 
lx*eomc8  opaque  by  interrupted  blowing  or  flaming.  In  the  inner  flame  the  head 
assumes  a greyish-blue  colour,  provided  it  contains  a sufficient  quantity  of  the  oxide  to 
produce  opacity  on  cooling.  In  microcosmic  salt,  niobous  oxide  dissolves  in  large 
quantity,  forming  a colourless  bead  in  the  outer  flame,  and  in  the  inner,  a violet  coloured, 
or  if  the  bead  is  saturated  with  the  oxide,  a beautiful  blue  bead,  the  colour  disappearing 
in  the  outer  flame.  The  addition  of  ferrous  sulphate  changes  the  colour  to  blood-red. 

The  blowpipe  characters  of  niobic  oxide  are  similar  to  those  of  niolwus  oxide,  but 
not  quite  iaentical.  When  heated  alone,  it  assumes  a greyish  tint.,  becoming  white 
again  on  cooling.  The  colourless  bead  formed  with  borax  in  the  outer  flame  do*‘«  not 
become  colonred  in  the  inner.  The  bead  formed  with  microcosmic  salt  has  a light 
browrn  colour  tingl'd  with  violet  in  the  inner  flame,  and  becomes  colourless  in  the  outer. 
The  addition  of  ferrous  sulphate  changes  the  brown  colour  to  crimson. 

Most  of  the  compounds  of  niobium  hitherto  discovered  in  natur.il  minerals  are  salts 
of  niobous  acid.  The  uiobites  bear  a close  resemblance  to  the  lantalaies,  but  ai>'  dis- 


NIOBIUM:  ESTIMATION. 


51 


tin^iflhed : 1.  By  the  rery  different  densities  of  the  oxides  or  anhydrides  obtained  from 
them,  tAJitalic  oxide  having  a density  of  7 — 8*26,  whereaii  that  of  niobous  oxide  is  only 
6*5 — 6*7. — 2.  By  the  behaviour  of  these  oxides  before  the  blowpipe,  tantalic  oxide  ex- 
hibiting nearly  the  same  characters  as  niobic  oxide. — 3.  By  the  l^haviour  of  the  solu- 
tions of  the  alkaline  niobites  and  tantalates  with  hydrochloric  acid  at  ordinary  tempe- 
ratures, the  precipitated  niobous  oxide  being  insoluble  in  excess  of  that  acid,  whereas 
the  tantalic  oxide  precipitated  from  the  bmtalates  dissolves  in  excess  of  hydrochloric 
acid,  forming  a slightly  opaline  liquid. — 4.  The  residue  left  on  evaporating  the  solutions 
of  the  alkaline  niobites  mav  bo  heated  (but  not  calcined)  without  giving  rise  to  the 
separation  of  acid  salts  insoluble  in  the  alkaline  liquid,  whereas  with  the  tantalates  a 
very  considerable  portion  of  the  salt  is  separated  in  this  insoluble  condition. — 6.  The 
solnSons  of  the  alkaline  niobites  are  further  distinguished  from  the  tantalates  by  their 
behaviour  with  chloride  of  ammonium,  ferrocyanide  of  potassium,  infusion  of  gaUs,  and 
metallic  zinc. — 6.  Niobous  oxide  is  aUo  distinguished  from  tantalic  oxide  by  the 
facility  with  which  it  is  decomposed  by  ammonia-gas,  and  sulphydric  acid  gas. 

Niobic  oxide  is  intermediate  in  its  properties  between  niobous  oxide  and  tantalic 
oxide,  but  resembles  the  latter  more  than  the  former.  It  is  distinguished  from  tantalic 
oxide  by  its  lower  speci6c  gnivity,  by  its  behaviour  before  the  blowpipe,  especially 
with  microcosmic  salt,  with  which  tant^ic  oxide  produces  a colourless  bead  in  the  inner 
as  well  as  in  the  outer  flame;  and  by  its  behaviour  at  high  temperatures  with  hydro- 
gen, sulphydric  acid,  and  ammonia-gas,  by  all  of  which  it  is  more  or  h*ss  blackened, 
wher»*as  the  same  reagents  do  not  affect  tantalic  oxide.  The  characters  of  the  alkaline 
niobates  in  solution  are  likewise  intermediate  between  those  of  the  niobites  and  tanta- 
lates. approaching  however  more  nearly  to  the  latter.  The  most  characteristic  distinc- 
tions between  the  three  classes  of  salts  in  solution  are  afforded  by  their  reactions  with 
hydrochloric  acid,  sabummoniac,  ferrocyanide  of  potassium,  and  infusion  of  galis,  the 
last  three  reagents  being  added  to  acid  solutions  (see  also  pp.  63,  66). 


1 NiointM. 

Hiobates. 

Tantalates. 

! Hydrochloric  acid.  White  precipitate 
j , insoluble  in  excess. 

Chloride  of  ammo-  Precipitation  slow 
i mium.  and  incomplete. 

Feirccyanide  of  Bed  precipitate. 

1 potassium. 

Ferricyanide  of  Bright  yellow  preci- 
potassiiim.  pitatc. 

Infusion  of  galls.  Orange-red  precipi- 
j tate. 

White  precipitate 
soluble  in  excess 
on  boiling. 

Precipitation  slow 
and  incomplete. 

Brown-red  precipi- 
tate. 

White  precipitate. 

Orange-yellow  preci- 
pitate. 

White  precipitate 
soluble  in  excess. 

Complete  precipita- 
tion as  acid  tanta- 
lato  of  uramonium. 

Yellow  precipitate. 

White  precipitate. 

Light  yellow  preci- 
pitate. 

2.  Esti7nation  and  Separation. — Most  of  the  compounds  of  niobium  occurring 
in  nature  are  niobites.  They  are  partially  decomposed  by  heating  with  strong  sulphu- 
ric acid,  and  completely  by  fusion  with  caustic  alkalis  or  by  long-continued  fusion 
at  a very  hi^h  temperatun'  with  alkaline  carbonates.  A better  method,  however,  is  to 
fuse  the  levigated  mineral  in  a platinum  crucible  with  six  or  eight  times  its  weight  of 
acid  sulphate  of  potassium,  pulverise  the  mass  when  cold,  and  boil  it  repeatedly  with 
fresh  quantities  of  water  till  no  more  sulphate  of  potassium,  iron,  or  manganese  is 
dissolved  out  of  it.  The  residue,  which  consists  of  hydrated  niobous  acid  mixed  with 
ferric  oxide,  stannic  acid,  and  tungstic  acid,  is  then  digestif  in  sulphide  of  ammonium 
containing  exet^ss  of  sulphur,  which  removes  the  stannic  and  tungstic  acids,  and  converts 
the  iron  into  sulphide;  the  liquid  is  filtered,  and  the  niobous  acid  washed  with  water 
containing  sulphide  of  ammonium,  then  boiled  with  strong  hydrochloric  acid  to  remove 
iron,  mang-anese,  uranium,  cerium,  copper,  &c.,  and  finally  washed  with  boiling  water. 
The  hydrated  niobous  acid  thus  prepared  is  converted  into  the  anhydride  by  ignition. 
The  anhydride,  Nb*0*,  contains  80*33  per  cent,  niobium. 

Some  columbites  contain  titanic  acid.  To  separate  this,  the  mineral  is  fused  with 
about  twelve  times  its  weight  of  acid  sulphate  of  potassium,  and  tlte  fused  mass  is 
treated  with  cold  water.  Acid  sulphate  of  titanium  then  dissolves,  while  the  sul- 
phate of  niobium  remain  tindissolvc'd.  Tbo  residue  is  then  washed  with  water,  but 
to  obtain  complete  separation,  it  is  necessary  to  repeat  this  treatment  both  with  this 
residue  and  with  the  titanic  acid  pri'cipitated  from  the  filtrate  by  ammonia. 

The  separation  of  niobium  from  tantalum  is  attended  with  great  difficulty ; but  they 
have  not  aitherto  been  found  in  the  sumu  minerals,  liosc  lias  however  given  a method 
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of  Rf^parating  them  fonndwi  on  thr  fact  that  niobito  of  aodinm  dissolvca  with  loss 
difficulty  than  the  tantalate  in  dilute  solutions  of  hydrate  and  carbonate  of  sodium. 

From  the  alkalis,  niobons  acid  may  be  B4‘paratod,  if  in  solution,  by  precipitation 
with  sulphuric  acid  ; if  in  the  form  of  an  insoluble  compound  (as  in  tyrite),  by  fusion 
with  sulphate  of  ammonium. 

For  further  details  on  the  separation  of  niobium  from  other  elements,  see  H.  Rose 
{TraiU  de  Chimie  analytiquf^  ii.  469). 

Atomic  Weight  of  Niohium. — Xiobie  chloride  contains,  according  to  the  mean 
of  Rose’s  analyses  (Ann.  Ch.  Pharm.  cviii.  232),  40'77  per  cent,  niobium  and  59'23 
chlorine,  which,  snpposing  the  compound  to  bo  a tetrachloride,  libCP,  gives  for  the 
atomic  weight  of  the  metal,  Nb  — — *»  98*24.  This  gives  for  the  vapour- 
density  of  niobic  chloride,  the  number  8*4  (*=  ^ 0*0693);  but  according  to 

Deville’s  determination  (iii.  997),  the  observed  vapour-density  of  this  compound  is 
much  higher,  viz.  10*9,  which  does  not  differ  much  from  the  theoretical  dennity  oilcu- 
lated  on  the  supposition  that  niobic  chloride  is  a pentachloride,  NbCP,  and  consequently 
the  atomic  weight  of  niobinm  equal  to  114*6  ; for  — x 0*0093  = 10*1.  The 
atomic  weight  of  niobium  and  the  formulae  of  its  cr^mpounds  must  then  for  the  present 
bo  considered  as  somewhat  doubtful ; still,  from  tlie  close  resemblance  in  properties 
between  the  niobic  and  tantalic  compounds,  it  is  most  probable  that  they  likewise  cor- 
respond in  composition,  and  therefore  that  the  true  formula  of  niobic  chloride  is  NbCl*. 

mOBZITM*  F3«U01tXl>lS 8 OS',  a.  Niohous  fluoride  or  Fluoride  of 
Hyponiohium.  NbF*. — Hydmte<l  niolions  oxide  dissolves  in  strong  hydrofluoric  acid 
even  at  ordinary  tomperutures,  forming  a solution  which  does  not  yiebl  nay  cr}*stiils, 
but  leaves  on  evaporation  a mass  which,  when  more  strongly  heated,  gives  off  white 
fumes  of  the  fluoride  and  leaves  niobous  oxide.  When  ignited  niobons  oxide  is  mixed 
with  hydnifluoric  acid  in  a platinum-retort  and  then  strong  sulphuric  acid  added, 
vapours  of  niobous  fluoride  are  given  off  without  external  heating;  on  applying  heat, 
the  niobous  fluoride  is  decomposed  by  the  sulphuric  acid,  and  nothing  but  hydrofluoric 
acid  passes  over. 

Niobous  fluoride  unites  with  the  fluorides  of  the  alkali-metals,  forming  the  salts 
2KF.Nbt'*  (usually  mixed  with  fluoride  of  pota.'^ium)  and  NuF.NbF*  (always  mixed 
or  combined  with  acid  fluoride  of  sodium).  These  double  fluorides  are  soluble  iu 
water,  forming  acid  solutions  which  when  mixed  with  sulphuric  acid  and  concentrated 
till  that  acid  begins  to  evaporate,  yield  a deposit  of  niobous  acid. 

$.  Niobic  Fluoride^  NbF\ — Hydrated  niobic  oxide  dissolves  easily  in  aqueous 
hydroflnoric  acid,  and  the  solution  forms  cr3’stallisable  double  salts  with  metallic 
fluorides  and  with  hydrofluoric  acid.  On  adding  carbonate  of  potassium  to  a solution 
of  niobic  acid  in  excess  of  hydrofluoric  acid,  a bulky  precipitate  is  fomie<l  at  first,  but 
redissolves  when  the  liquid  is  completely  neutralised,  the  solution  as  it  cools  depositing 
the  salt  2KF.NbF* ; and  the  mother-liquor  when  evaporated  yields  the  salt  8KF.3NbF* 
(perhaps  a mixture  of  the  preceding  witli  fluoride  of  potassium),  aftenvards  on  further 
evaporation,  hydrated  fluoride  of  potassium.  A solution  of  niobic  acid  in  hydrofluoric 
acid  only  partially  neutralised  with  potash,  and  evajwrated  to  the  cry*stalHsing  point, 
yields  the  salt  K''NbF*.2Kin’'*.  With  soda  in  like  manner  the  salt  Nu*NbF*.2NaHI''* 
IS  obtained  os  a crystalline  precipitate  ; Iho  liquid  filterc-d  therefrom  yields  on  standing, 
the  salt  Na*NbF*.2NallF*;  and  the  molhcr-hquor  separated  from  this,  deposits  tho 
salt  NVNbF*  or  2NaF.NbF<. 

Tho  solutions  of  the  double  niobic  fluorides  aro  not  clouded  by  sulphuric  acid,  and 
in  order  to  convert  tho  niobic  fluoride  into  niobic  acid,  they  must  be  evaporated  with 
excess  of  sulphuric  acid. 

irXOBiuAi,  MlTXtXBBS  OF.  a.  A nitride  of  niobium  is  obtained  by  heating 
niobic  chloride  in  ammonia-gas.  When  freed  by  wafer  from  admixed  chloride  of  am- 
monium,* it  forms  a dull  black  powder  which  conducts  electricity,  is  not  attacked  by 
nitric  acid,  scarcely  by  nitromuriatic  acid,  but  easily  by  a mixture  of  nitric  and  hydro- 
fluoric acids.  The  same  compound  is  formed,  though  in  a less  pure  state,  by  passing 
ammonia-gas  over  strongly  ignited  niobic  oxido.  Niobic  oxide  heated  in  cyanogen  gas 
yields  a similar  black  compound  containing  carbon  as  well  as  nitrogen,  but  in  much 
too  small  a proportion  to  form  a cyanide. 

$.  Another  nitride  of  niobium  (Rose’s  nitride  of  hyponiobium)  is  obtained  in  like 
manner  from  niobous  chloride  or  oxide.  Its  properties  are  similar  to  those  of  the 
preceding.  Both  compounds  give  off  lai^  quantities  of  ammonia  when  fused  with 
nydrate  of  potassium. 

VZOBZITMf  OXZDSS  OF.  Niobium  forms  two  oxides  analogous  in  composition 
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to  the  chlorides,  and  formed  from  them  by  the  action  of  water.  Both  of  them  form 
salts  with  basic  metallic  oxides. 

a.  iriobomi  Oxide  or  AnliydrldOt  NbH>*.  (Hose’s  Oxidf  of  Ht/jxmiobium.) 
In  the  hydrated  state,  I^iofjous  acid.  This  oxide  may  be  prepared  in  several  ways : — 

1.  By  decomposing  niobous  chloride,  KbCl’,  with  water: 

2NbCl*  + 3H*0  - Kb»0>  + 6HCL 

2.  By  fusing  columbitc  or  other  minerals  containing  it  with  acid  sulphate  of  potassium 
and  tn*ating  the  fused  mass  with  water  &c.  as  described  in  sp<*aking  of  the  estimation 
of  niobium  in  these  minerals  (p.  51).  The  pun*8l  niol>ou.s  oxide  is  obtained  from  the 
cidumbitc  of  Biivaria  and  of  North  America;  that  obtained  from  samarskite,  euxenite, 
fergusonite,  tyrit»*,  &c,,  is  more  difficult  to  purify,  on  account  of  the  presence  of  other 
acid  oxides,  those  of  titanium  and  zirconium,  for  example. — 3.  By  the  reduction  of 
niobic  oxide.  This  reduction  cannot  however  be  effected  completely;  the  most  effectual 
re  ducing  agent  is  acid  sulphate  of  ammonium,  which  when  fu.Hcd  W’itJi  niobic  oxide,  re- 
duces al>out  a third  of  it  to  niobous  oxide  ; other  ammoniacal  salts  act  less  powerfully 
or  not  at  all;  sulphide  of  ammonium  exerts  no  reducing  action;  that  of  cyanide  of 
potassium  is  uncertain. 

Niobous  oxide  is  white,  but  becomes  yellow  when  heated,  the  colour  disappearing 
again  on  cooling.  Its  specific  gravity  varies  according  to  the  degree  of  heat  to  which 
it  has  been  exposed  in  preparation.  The  oxide  prepared  directly  from  columbite  by 
fusion  with  acid  sulphate  of  potassium  has  the  highest  specific  gravity,  5*208  to 
6*13  and  even  6'54  ; that  prepared  by  the  action  of  water  on  the  chloride  is  a hydrate 
(niobous  acid) ; it  is  amorphous  and  has  a density  of  5'25  ; but  by  exposing  the  niobous 
chloride  to  moist  air.  so  that  it  may  be  slowly  decomposed,  a crystalline  hydrate  is 
formed  having  a density  of  4’6 — 4*7.  By  exposing  the  amorphous  hydrate  to  a red 
heat  for  a long  time,  or  to  a white  heat  for  a shorter  time,  it  is  converted  into  anhy- 
droQs  niobons  oxide  having  nearly  thesame  density  as  the  crystalline  hydrate.  At  the 
highest  temperature  of  a porcelain  furnace,  the  oxide  is  converted  into  a sandy  powder 
consisting  of  microscopic  czy’stals,  of  specific  gravity  4'00 ; in  one  experiment  it  was 
fused  at  this  high  temperature,  and  formed  on  cooling  a radio-ci^stalline  mass. 

The  hydrate  prepared  by  the  action  of  water  on  the  chloride,  and  likewise  that 
precipitatt<l  by  hjdix>cbIoric  acid  from  solutions  of  alkaline  niobites,  exhibits  bright 
incaodesct'ncc  when  culcinod;  the  oxide  containing  sulphuric  acid  obtained  by  fusing 
columbite  with  acid  sulphate  of  potassium  does  not  exhibit  this  phenomenon. 

Niobous  oxide  heated  in  hydrogen  gas  turns  grey  and  is  partially  reduced;  but  the 
loss  of  weight  does  not  exceed  1 percent,  (tantalic  oxide  suffers  no  reaction).  Niobous 
oxide  is  decomposed  by  ignition  in  a stream  of  sxdphydric  acid  gas,  or  vapour  of  sulphide 
of  carbtm,  being  converted  into  niobous  sulphide.  Ignited  in  amuumia  gas  it  turns 
black,  gives  off  a Large  quantity  of  water,  and  is  partly  converted  into  a nitride  (p.  52). 

Niobous  oxide  after  ignition  is  insoluble  in  all  acids.  The  hydrate  dissolves  with 
difficulty  in  hydrttchloric  acid,  so  that  when  an  alkaliuo  niobito  is  precipitated  by  an 
excess  of  hydrochloric  acid,  the  filtrate  retains  only  a small  quantity  of  niobous  acid 
in  solotion ; but  on  boiling  for  some  time  with  strong  hydrochloric  acid,  and  then 
adding  water,  a considturable  quantity  will  l>o  dissolved,  and  by  i\*p<Mting  this  treatment 
with  acid  and  water  two  or  three  times  on  the  residue,  the  whole  may  be  ultimately 
dissolved.  The  hydrate  dissolves  easily  in  hydrojluoric  acid,  but  is  nearly  insoluble  in 
nitric  acid. 

Niobites. — Niobous  oxide  unites* with  basic  metallic  oxides  forming  definite  salts, 
fwveral  of  which  occur  as  natural  rainemlB.  The  niobites  of  the  alkali- metals  are  either 
mono-  or  trimetallic,  MNbO*  or  M*NbO’:  those  of  the  carth-metids  and  heavy  metals 
are  monometallic,  M'NbO*  or  >rNb*0*.  Tlie  niobites  of  the  alkali-metals  are  produced 
by  fusing  niuboas  oxide  with  the  hydrates  of  tlioso  metals  or  by  boiling  niolMus  acid 
with  Bolotions  of  caustic  alkalis. 

The  alkaline  niobites  are  likewise  soluble  in  solutions  of  potash  and  carbonate  of 
potassium,  but  dissolve  with  grt'at  difficulty  in  excess  of  soda  and  carbonate  of  sodium. 
Niobous  acid  is  precipitated  from  its  alkaline  solutions  by  acids,  especially  by  sulphuric 
acid,  even  at  onlin;^'  temperatures  (the  precipiudion  of  tantalic  acid  requires  the  aid 
of  beat ).  Oxalic  acid  does  not  affect  alkaline  niobites ; but  carbonic  acid  gas  precipitates 
an  acid  salt  soluble  in  a large  quantity  of  w.iter ; acetic  acid  sal’ammoniac  also 
form  precipitates,  but  the  precipitation  by  the  latter  is  slow  and  imperfect^  especially  if 
the  solntiun  contains  carbonate  of  potassium  or  sodium.  A solution  of  an  alkaline 
niobite,  acidulat<*d  with  sulphuric  or  hydrochloric  acid,  forms  a red  precipitate  with 
ferrocyanuU  of  potassium,  bright  yellow  with  the  ferricyanidc,  and  orange-rod  with 
infusion  of  galls.  A piece  of  sinc^  immersed  in  the  acidulated  solutiooi  forms -a 
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beantifnl  blae  precipitate,  which  after  a while  chanpoa  to  brown.  Tantalates  yield  only 
a faint  blue  colour  with  zinc,  on  addition  of  a very  large  quantity  of  hydrochloric  acid. 

Niobite$  of  PotaBsiuTJU  The  monop<tia9$ic  salt  ia  difficult  to  obtain  in  definite 
forma,  being  soluble  in  excess  of  hydrate  and  carbonate  of  potassium.  When  niobous 
oxide  is  fused  with  carbonate  of  potassium,  a quantity  of  carbonic  anhydride  is  ex- 
pelled corresponding  to  the  formation  of  the  iripotassic  salt,  K*NbO*. 

9Niohite8  of  Sodium.  The  wonostvffc  jo//,  NaNbO*  or  Na*0.Xb’0*,  crystallises 
with  2 proportions  of  water,  viz.  2NaNb0*.6H“0  and  2NaNb0*.7H*0.  It  gives  off  the 
^atcr  part  of  its  water  of  crj’stallisation  at  100®,  but  still  remains  completely  soluble 
in  water;  by  ignition  it  is  resolve<l  into  an  acid  salt  and  caustic  soda.  It  is  insoluble 
in  strong  solutions  of  hydrate  and  carbonate  of  sodium ; but  dilute  soda-solutiuns  tako 
it  up  more  readily  than  niobate  or  tantalnte  of  sodium,  so  that  niobte  acid  and  tantalic 
acids  are  most  easily  separated  from  niobic  acid  by  digestion  in  solutions  of  hydrate 
or  carbonate  of  sodium  of  a certain  degree  of  dilution. 

By  fusing  niol>ou8  oxide  with  carbonate  of  sodium,  a basic  salt  is  obtained  together 
with  acid  salts  partially  soluble  in  water;  by  continuing  the  fusion  till  no  further  loss 
of  weight  is  sustained,  the  tri»odic  salty  Na*NbO*,  is  pr^uced;  it  is  resolvcHl  by  water 
into  the  monosodic  salt  and  free  soda.  Carlx>nic  anhydride  passed  into  the  solution  of 
niobite  of  sodium  gruduully  throws  down  an  acid  salt. 

A very  acid  niolrite  of  ammonium  separates  after  some  time  fVom  a solution  of 
niobite  of  sodium  mixed  with  chloride  of  ammonium. 

A solution  of  monosodic  niobite  added  to  excess  of  the  solutions  of  neutral  salts  of 
the  rjirfh-metals  and  beaw  metals,  forms  precipitates  having  the  general  formula 
M'Nb0»orM"Nb"0‘  - M"O.NyO>. 

Niobite  of  Iron  and  Manganese,  (FfeO ; MmnO).  Nb*0*  — (Ffe  ■^mn)"| 

Columbite,  Niobite. — This  is  the  mineral  in  which  niobium  or  columbium  was  first  dis- 
covered. It  occurs  in  trimetric  prisms,  exhibiting  the  combination  ocPqo  . 'aPx  . oP . 
cep.  ocf*2  . . P,  with  other  faces.  Axes  a : b : e = 0*8292  : 1 : 

0-8773.  Angles  oc P : ooP  - 100®  40';  oP  : Px  =:  133®  22-fi'  (Dana,  ii.  353). 
A crystal  of  columbite  from  the  granite  of  Monte  Video  examined  by  Maskelyne 
(Phil.  Mag.  [4]  xxv.  41),  exhibited  the  combination  ooPx  . cef*«  . or  . 2P2  . ocP  . 
oop3  . ooP5,  with  the  angles  cePw  : ccP5  = 153®  40';  oePs  : ool*5  =•  166°  42'. 
Columbite  also  forms  twins,  with  face  of  composition  parallel  to  2Px  . Cleavage  par- 
allel to  »fx  and  xPx , the  latter  the  most  distinct.  It  occurs  also  nm.ssive,  but 
rarely.  Hardness  • 6.  Sn.  gr.  5*4 — 6*4;  5'469  for  the  Connecticut  mineml; 

5*7 — 6‘39  for  the  Bavarian.  Lustre  submetallic.  Colour,  various  shades  of  black,  often 
iridescent.  Streak  dork  red  to  black.  Fracture  subconchoidal,  uneven.  Brittle.  It 
is  not  altered  by  heat  alone.  By  l/oraj;  before  the  blowpipe  it  is  slowly  dissolvi'd,  giving 
the  reactions  of  iron  and  manganese  ; the  bead,  if  saturati^  to  a certain  extent,  may  bo 
rendere<l  greyish-white  by  flaming,  especially  if  it  has  been  previously  heated  in  the 
inner  flame;  if  fully  saturated,  it  becomes  opaque  spontant'onaly  on  cooling.  With 
carbiynate  of  sodium  it  gives  the  manganese  reaction.  Many  colurabites  heated  on 
charco&l  with  »?da  and  borax  in  a strong  reducing  flame,  yield  metallic  tin. 


Analyses  of  ColuvdAte, 


Bavaria. 

Connecticut. 

Chante* 

Finland. 

Ilmen  moun- 

0. 

ft. 

c. 

d. 

loub. 

r. 

/■ 

tarns. 

«• 

A. 

Specific  gravity  . 

• 6 390 

6*OT8 

.V80 

60.3-6*05 

6-6-V7 

6-43..S73 

6-4.5 

Niobou*  oxide  (Kb*OS)  , 

, M*07 

80-«4 

7»-« 

7980 

78  74 

S<-5 

bu-47 

76  06 

Stannic  oxide  ( SnO^  . 

. 0*45 

010 

, 0-40 

0-66 

, , 

: 1*0 

Tungstic  oxide  (WO^)  ■ 
Ferrous  oxide . . . 

! U'30 

16-33 

0-26 

14-06 

16-00 

14*90 

trace 

13-2 

8*60 

14-29 

Manganous  oxide  . . 

. 8 S5 

4C6 

6-63 

4-50 

7*17 

6-9 

6-09 

7 66 

Cupric  oxide  . . . 

tlranous  oxide 

. 0*13 

0*60 

0*64 

Lime  .... 

1 

(TSl 

, , 

0-64 

Magnesia  .... 

. . . 

, 

0*49 

, 

, . 

• • 

2*44 

1 tlrla  .... 

• • 

2-00 

99-SO 

100-93 

99*06 

99*86 

100*41 

102*2 

100-00 

100-00 

0.  From  Bodenmaii  In  Bavaria  (H.  Boit).— ft.  From  thaume  (Awdejew).— c.  Prom  Middletown, 
In'CcnDecticuttUermaonl.^.  From  the  Mine  (Oeaten).~e.  From  Chauieloub.  Llmogei  (Damour). 

/.  From  Ilermankir  near  BJotktk&r,  In  Finland  (N  ord'enak  lold) g.  From  the  Ilmen  moiinuint  near 

MUak  Id  the  Ural  (Hermann).^.  From  the  tame  (Oeiten),  RammeUberg' $ Jtfmcro/cAeiwi'e, p.  393. 

The  columbite  of  Bodenmais,  on  the  Babenstein,  near  Zwiescl,  occurs  in  granite.  In 
the  United  States  it  occurs  both  in  felspathic  and  in  albitic  granite. 

Niohites  of  Yttrium,  To  this  head  belong  the  minenUs  Fergusonite,  Tyrite, 
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and  Sra^te,  which  are  in  all  probability  identical.  Fei^fosonite  has  been  already  de«- 
cribed  (ii.  623).  Tyrite  occurs  near  Arondal  in  Non%ay,  in  crystals  too  small  for 
measurement,  but  probably  quadratic,  exhibiting  distinct  cleavage  and  having  a den- 
sity of  6‘13  to  6*56.  According  to  Bondi  and  Kenngott,  their  form  is  identical  with 
that  of  Fergusonitd.  The  minend  decrepitates  and  gives  off  water  when  heated,  and 
exhibits  with  duxes  the  reactions  of  iron  and  urunium. 

Bragite,  also  from  Areodal,  has  a grey-brown  colour,  metallic  lustre,  uneven  small 
splintery  fracture ; hardness  » 45;  sp.gr.  — 6*40. 

The  following  are  analyses  of  these  minerals  ; that  of  fergusonitc  has  been  already 
given,  but  is  repeated  here  for  the  sake  of  ready  comparison. 

Tyrite.  Ferguioolta 


■ 

Brsgite. 

. 

d. 

b. 

e. 

tf. 

e. 

/•  • 

Niobous  oxide  . • 

44-90 

44-48 

43-49 

48-10 

47-75 

48-84 

Stannic  „ 

0-09 

1-00 

035 

Zirconic  „ 

2-78 

0-80 

1-45 

3-02 

6-93 

Alumina  . • 

6-66 

3-55 

1-35WO’ 

Yttria  . . . 

29-72 

27-83 

31-90 

32-71 

41-91 

38-61 

CeroQS  oxide 

£35 

5-63 

3-68  ( 

7-43 

4-68 

3-05 

Oxide  of  lanthanum  . 

1-47 

. . { 

Umnous  oxide  . 

3-03 

5-99 

4-12 

4-05 

0-95 

0-35 

Ferrous  oxide  . • 

6-20 

2-11 

1-12 

1-37 

0-31 

1-33 

Manganous  oxide 

, , 

, 

0-11 

Protoxide  of  lead 

. 

, , 

0-41 

0-09 

Lime 

081 

1-68 

1-95 

1-82 

I’otash  . . . 

• • 

, , 

7-23 

0-39Mg>O 

Wat«r 

4-52 

4-66 

3-71 

1-03 

100-19 

100-18 

99-85 

99-45 

99-62 

99-46 

Forbet  (Phil.  Mag.’  [4]  xiii.  91).— </.  Michael«on  (J.  pr.  Chem.  xc.  106}..^.  Hartwall  (Pogg. 
Aon.  xf  1.  479}.—/.  Weber,  Jnaugwrai  dutrrtation,  Berlin,  1869,  p.  59. 

The  compositioo  of  these  minerals  may  be  re2)resentcd  by  the  general  formula, 
3M"0.Nl)’O*.H*0  or  [ 0*  H'O. 

Jj*  J 

Uranoniobiie  of  yttrium  and  Iron,  Samarskite^  M*0(Nb; 

U)*0*.  Trimetric.  Angle  of  prism  2?«  — 136°  to  136°,  therefore  ocP:  ceP  « 
100°  40' to  101°  40',  which  is  near  that  of  columbite.  Occurs  generally  in  flattened 
grains.  Hardm*SB  — 6'6 — 6.  Specific  gravity  — 6'614 — 6‘C8.  Lustre  of  fracturo- 
surface  shining  and  submetallic.  Colour  velvet-black.  Streak  dark  reddish-brown. 
Opaque.  Fra^lurc  subconchoidal.  Wlien  heated,  it  decrepitates  slightly,  glows  and 
K'comcs  blackish-brovn].  Before  the  blow-pipe  it  melts  on  the  i*dgcs  to  a black  glaas. 
With  borojCy  in  the  outer  flame,  it  forms  ayoUowish-gretu  tonnidish  glass;  in  the  inner 
a yellow  to  greenish-black  glass,  which  becomes  opaque  and  yellowish-brown  by  flaming. 
With  microcosmic  an  emerald-green  Wad  in  both  flames.  With  carbonate  of 
sodium^  the  reaction  of  manganese.  pulverised  it  is  slowly  but  completely  decom* 

posed  by  hydrochloric  acid,  forming  a greenish  liquid ; more  easily  by  sulphuric  acid. 


Analysed  of  Samarskite. 


d. 

b. 

c. 

tf. 

c. 

/. 

§• 

Niubous  oxide 
Tungstic  „ 

1 

56-38 

56-00 

55-91 

65-10| 
0-48  ( 

50-36 

<47-47 
( 1-36 

(60-17 

Zirconic  „ 

, , 

, , 

, , 

, , 

4 35 

4 25 

Stannic  „ 

, , 

, , 

0-26 

, . 

0-05 

0-63 

Uranic  „ 

14-16 

16-70 

16-77 

19  22 

16-03U»0 11-60 

11-08 

Ferrous  „ 

15-43 

15-90 

1594 

16-05 

8-87 

11  08 

10  55 

Hant;aDOU  „ 

, , 

, , 

0-66 

1-20 

0-96 

1-Gl 

Cupnc  „ 

, , 

. • 

, . 

0-07 

, 

0-25 

C^rous  „ 

, , 

, , 

, , 

2-85 

3-31) 

15  90 

Yttria 

9-15 

11-04 

8-36 

4-91 

13-29 

12-61  { 

Thorins  . 

. 

. 

6-05 

5-65 

Lime  . 

0-92 

1-02 

1-88 

0-44 

. 

0-73 

0-64 

Magnesia. 

0-80 

0-75 

075 

0-26 

0-60 

0-14 

0-04 

Water 

. . 

• . 

. . 

. . 

0-33 

0-45 

0-40 

96-84 

101-41 

99  61 

90-35 

10003 

100  41 

100-82 

a,  h,  by  Peres  ; tf.br  Chsodler,  under  H.  Rote's  direction  (Pogg.  Ann.  Ixil.  167;  Ixxii.  469;  lixiU. 
449).—^.  by  Hermann  (J.  pr.  Chetn.  1. 176)— -/.  by  Flnkener  ; g.  by  Stephens,  uod«r  Rose's  dbroetioa 
(Pogg.  Aoo.  cxriii.H9, 406,  497.  BulL  Soc.  Cbim.  t.  491;  Jabrtsb.  1SC3, P.I29), 
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The  formula  of  samarekito  is  that  of  columbito  vith  part  of  the  niobium  re{>laced  bj 
uranium. 

Samarskito  is  from  the  Ilmen  mountains  near  Hiask,  where  it  occurs  with 
ttschynite  in  roddish-brown  felspar. 

Hermann’s  yttro-ilmcnitf^  a mineral  from  the  same  locality,  agreeing  with  sa- 
marskite  in  crystalline  form  and  density,  but  supposed  by  him  to  contain  a peculiar 
acid,  ilmenic  acid  (iii.  245)  is,  according  to  H.  Kose,  nothing  but  samarskite  con> 
taining  a small  quantity  of  tungstic  ackl. 

Xfflobic  Oalde  or  Anhydride^  NbO*.  In  the  hydrated  state,  A7o^»c<7ciVf. — This 
oxide  occurs  in  combination  with  lime  and  other  bases  in  pyrochlore  and  in  euxenite 
(ii.  611),  and  is  produced  artificially  in  the  form  of  a hydrate  by  the  action  of  water  on 
niobic  chloride ; in  the  anhydrous  state  by  roasting  niobic  sulphide  nitride  of  nio- 
bium. It  has  not  hitherto  been  obtained  by  direct  oxidation  of  niobous  oxide. 

Niobic  oxide  is  white  at  ordinarj’  temperatures,  yellow  while  hot.  Like  niobous 
oxide,  it  varies  in  density  accr»nling  to  the  mode  of  preparation  and  the  heat  to  which 
it  lias  been  ex|>osed.  Tlie  hydrate  prepared  from  the  chloride  is  amorphous  or  crys- 
talline acconling  as  that  comr>ound  has  been  decomposed  quickly  by  water,  or  slowly 
by  exf>osure  to  moist  air ; in  the  latter  case  its  density  is  usually  G'2  ; the  oxide  pr<'par«*d 
!)}•  fusion  with  acid  sulphate  of  potassium  has  about  the  same  density.  By  exposing 
either  of  the  products  for  a considerable  time  to  a white  heat,  their  density  is  diminished 
to  about  6 7.  The  hydrate  glows  when  heated,  and  is  converted  into  the  anhydrous 
oxide,  glassy  or  crystalline  according  as  it  has  been  obtained  from  the  amori)hous  or 
the  crystalline  hydrate.  Niobic  acid  prepared  by  treating  the  chloride  with  water  ia 
not  quite  insoluble  in  hydrochloric  acid. 

Niobates.  Niobic  oxide  unites  with  bases  in  several  proportions.  Rose  regards  a» 
neutral  the  salts  containing  M*0.2Nb0**»  or  in  the  case  of  diatomic  metals, 

M'TfbH)*.  The  niolmtes  of  the  alkali  metals  are  soluble  in  water,  and  their  solutions 
yield  with  hydrochloric  add  a precipitate  of  niobic  acid,  the  precipitation  being  com- 
plete if  it  takes  place  in  the  cold  and  the  hydrochloric  acid  is  not  added  in  too  great 
excess;  if,  however,  the  alkaline  niobate  is  boiled  with  a large  excess  of  hydrochloric 
acid,  a turbid  liquid  is  formed  which  becomes  clear  on  dilution  with  water,  and  from 
the  solution  thus  formed,  the  niobic  acid  is  precipitated  by  sulphuric  acid  only  when 
tlie  quantity  of  hydrochloric  acid  present  is  below  a certain  limit.  Nitric  add  reacts 
with  solutions  of  alkaline  niobates  in  the  same  manner  as  hydrochloric  acid.  Phos^ 
j)horiCf  arsmic,  oxalic,  tartaric,  racemic,  and  dtric  adds  form  no  precipitate  in  th^'se 
solutions ; acetic  add,  on  the  contniry,  prt'cipitates  them ; hydrocyanic  add  merely  renders 
them  opalescent ; Gallic  and  tannic  adds  (or  infusion  of  gsilU)  produce  no  pit'cipitate 
unless  the  solution  is  acidulated  with  hydrochloric  or  sulphuric  acid,  in  which  case  an 
orange-yj'llow  prt*cipitate  is  formed.  If  the  greater  part  of  the  niobic  acid  be  thrown 
down  from  the  solution  of  an  alkaline  nioltate  by  hydrochloric  acid,  and  int  tallic  cine 
then  introduced,  the  niobic  acid  becomes  first  blue,  then  brown,  and  after  some  time 
white  again;  if  dilute  suliharic  add  bt*  used  instead  of  hydrochloric,  the  bluocolom- 
tion  is  jmxluced  more  slowly,  but  is  generally  purer ; it  is  best  produced  by  using 
hydrochloric  acid  with  addition  of  dilute  sulphuric  aci*l.  The  blue  niobic  acid  turns 
brown  on  addition  of  ammonia,  and  on  exposure  to  the  air  quickly  becomes  white  ag:iin. 

Niobates  of  RofnsAiMm,  — Monopotassic  niobate  cannot  be  obtaineil  pure  by 
fusing  niobic  anhydride  with  hydrate  of  potassium,  since  it  is  soluble  in  hydrate  of  po- 
tassium in  all  proportions,  and  cannot  be  isolatt-il  by  ciystallisation.  Niobic  auhydndo 
fused  with  carbonate  of  jKitassium  expels  cjirbonic  anhydritle,  and  forms  the  cijmpounds 
6K*0.5Nb0*  and  7K*0.5Nb*0*;  the  quantity  of  carI>onic  anhydride  eliminated  in- 
creasing with  the  dnnjtion  of  the  fusion. 

Niobates  of  Sodium. — When  niobic  anhydride  is  added  to  melting  hydnite  of 
sodium, a strtmg  action  takes  place,  attcmdinl  with  incandescence;  and  on  subsequently 
treating  tlie  fused  mass  with  water,  the  excess  of  sodium-hydrate  is  first  removed  and 
fresh  water  then  dissolves  the  so-called  neutral  salt,  Xir0.2Nb0*  or  Na’NbK)^  which 
crystallises  from  the  solution  g»'nemlly  with  7 at,  but  sometimes  with  6 at.  water. 

Salts  containing  a larger  proportion  of  acid  are  obtained,  together  with  that  just  men- 
tioned, by  fusing  niobic  anhydride  with  carbonate  of  sodiam,  also,  though  slowly,  by 
decomposing  a solution  of  the  neutml  salt  with  carbonic  acid.  Ry  fusing  together 
weighed  quantities  of  niobic  anht’dride  and  carbonate  of  sodium,  and  keeping  the  heat 
motn  mte,  a quantity  of  carbonic  anhydride  is  expelled  corresponding  to  the  formation 
of  the  salt  Nu'O.NbO’  or  Na^NbO* ; at  higher  temperatures,  however,  a larger  quantity 
of  carbonic  anhydride  is  ex|xlled. 

Chloride  of  ammonium  added  to  a solution  of  niobate  of  scxlium  forms  an  immediate 
precipitate,  which  however  contains  but  a small  quantity  of  ammonia. 

On  adding  the  solution  of  the  sodium-salts  ton  neutral  salt  of  an  earth-metal  or 
a heavy  metal,  precijpitatcs  are  formed  consisting  of  neutral  niobates  haring  the  com|>o- 
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«ition  M*O.NbO*  or  Rose  bfts  obtained  the  magnesium,  rinc,  silver,  mercu- 

rous and  cupric  salts. 

Kiobate  of  Calcium^  C<?rtum,  ^c.— -This  is  the  composition  of  pyrochlore,  a 
mineral  occurring  imbedded  in  syenite  at  Fredriksviirn  and  Lau^g  in  Norway,  asso- 
ciated with  zircon,  polymignite,  and  phosphate  of  yttrium ; also  at  Rrevig  with  thorite ; 
in  the  Ilmen  mountains  near  Mtask,  and  associated  with  tourmalin  in  tlie  albitc  vein  at 
Chesterfield,  Massachusetts.  Monometric,  occurring  in  octahedrons  modified  by  faces  of 
the  cube,  also  in  dodecahedrons  and  tmpezohedrous  202,  303.  Cleavage  octahedral, 
sometimes  distinct,  especially  in  the  smaller  crystals.  Hardness  = 6 — 6 Specific 

gravity  *■  3-802  from  Brevig  (Berzelius);  4*32  from  Miosk  (Rose) ; 4*203  from 
Miask  (Hermann);  4*203— 4 221  from  Fredriksvarn  (Hayes).  Lustre  vitreous  or 
resinous.  Colour  pale  honey-yellow,  brown,  dark  reddish  or  blackish-brown.  Sub- 
translucent  to  opaque.  Fracture  conchoidal.  Before  the  blowpipe  it  becomes  pale 
brownish-yellow  or  leraon-yellow,  but  retains  its  lustre  and  fuses  with  great  difficulty. 
With  borax  ityieMs,  in  the  outer  flame,  a reddish-yellow  transparent  gla.ss  whicli  b«-comos 
opaque  by  flaming,  and  with  a larger  proportion  of  borax  forms  a white  enamel.  In 
microcosmic  »aU  it  dissolves  completely,  forming  in  the  outer  flame  a yellow  glass 
which  becomes  grass-green  on  cooling. 


FredriluTani.  Brevtg.  Mluk. 


Wohler. 

Hayei? 

Wohler. 

Cbydeniui.' 

Wdhler. 

Hermaniu 

Niobic  oxide  ) 

Titanic  oxide  > 

. 62-75 

<63-10 

j 20-20 

67*02? 
truce  ( 

61-07 

67-37 

j 60-83 
1 4-90 

Stannic  oxide  • 

. 061 

, , 

0-57 

Ceric  oxide  , , 

Alumina  . • 

. 6-80 

• • 

1 6-16 

• 

13-16 

15-23» 

Ferric  oxide. 

. 2l’6 

'2-36 

Uranic  oxide  . 

Uranous  oxide 

618 

i-20 

4-60 1 

2-82 

Ferrous  oxide 

• . • 

1-33 

Manganous  oxide . 

. 2-75 

, 

1-69 

1-28 

2-23 

Cerous  oxide 

• . • 

, 

6-00 

0-14 

Yttria  . . 

... 

, 

, , 

4-62 

Tborina 

, 

, , 

10-02 

0-81 

0-94 

Lime  . • 

. n s's 

1946 

9-88 

10-98 

Magnesia 

• • . 

, , 

9-80 

Soda  . 

. 

, 

, , 

4-60 

5-29 

1-46 

Potash 

... 

* , 

. 

3-62 

Fluorine 

, trace 

, , 

not  det. 

3-23 

0*65 

Water 

. 4-20 

0-80 

7-06 

1-17 

1-16 

2-21 

97-30 

97-10 

96-74 

96-87 

103-41 

101-87 

Wffbler  (Pofir.  Ann.  Tii.  417:  xxvil.  M;  xlflil.fO;  Ann.  Ch.  Phartn.  Ixi.  S64V  Haypi  (SHI. 
Am.  J.  xWL  IM,  IG4'.  Chxdaitlut  (Jahrptb.  isCd.  p.  S3?.  H erman  n ( J.  pr.  C?icm.  xxxt. 94  ; 1. 
Ixfiil.  96).  Acrunlins  to  Hermaim'a  mokt  recpm  ttatemeiU.  pyrochlore  conulni  Diol>»u«  at  well  u 
ntoUc  licld. 


Pyrochlore  (or  Microlite)  from  Chesterfield,  Massachusetts  contains,  aM>rding  to 
Shepard  (Sill.  Am.  J.  xxxii.  338),  75*70  per  cent  niobic  oxide,  7*42  tungstic  oxide, 
uranous  oxide  and  yttria,  14*84  lime,  and  2*04  water. 


Euxenite  (it  611)  from  Norway  is  essentially  a titano-niobate  of  yttrium  and 
urzuiiam. 

JEtchynitt  (i.  59)  from  Minsk,  is,  according  to  Hermann,  a compound  of  titanic 
and  niobic  (perhaps  also  niobous)  oxides  with  ceric,  ferric,  lauthanic  oxide,  &c. 

Polycta»f,  a mineral  from  Hitterde  in  Norway  agreeing  in  crystalline  form  with 
colnmbite  and  samarskite,  contains,  according  to  Schoerer  (Pogg.  Ann.  Ixii.  430; 
IxxiL  568)  and  Hermann  (J.  pr.  Chem.  1. 181),  titanic,  niobic  andzirconic  oxides,  com- 
bined with  ferric  oxide,  uranic  oxide,  cerous  oxide,  and  yttria,  small  quantities  of 
aiamina,  and  traces  of  lime  and  magnesia. 

irxOBlUM,  SXr&FKZBBS  OV.  The  compound  Nb^S'is  produced  by  the  action 
of  sulphydric  acid  gas  on  niobic  chloride,  at  orainary  or  more  quickly  at  higher  tem- 
peratures, or  by  passing  the  vapour  of  sulphide  of  carbon  mixed  with  carbonic  anhy- 
^de  (to  carry  it  forw:^)  over  strongly  ignited  niobic  oxide.  It  is  a black  powder 
which  conducts  electricity  and  acquires  metallic  lustre  hy  trituration.  It  is  decom- 
posed by  chlorine  at  a gentle  heat,  yielding  niobic  chloride  and  chloride  of  sulphur. 

The  same  compound  is  formed  by  heating  niobous  chloride  in  sulphydric  acid  gas. 
Kiobous  oxide  is  converted  by  sulphide  of  carbon  vapour  at  a heat  into  the 


s Wlib  ozldoofUDihsoum. 


Digitized  by  Google 


58 


NEPHOLITE— NITRILES. 


compound  Nb*S*.3NbS,  and  at  a white  heiit  into  Nb*S*.7NhS.  These  products,  called 
hy  Kor‘  sulphide  of  hypefniobiutii,  resemhle  the  sulphide,  Nb*S*,  in  physical  proj)crtie8, 
excepting  that  they  acouire  a ateel-grcy  colour  by  tritunition,  whereas  Nb’S*  remains 
black.  Ily  iraition  in  hydrogen  gas  they  are  couTcrted  in  Nb^S*.  When  burnt  in  the 
air  they  yield  niobous  oxide. 

nrSPBOXfZTS.  A variety  of  chiolite  (fluoride  of  aluminium  and  sodium, 
2Nah’.AllF*),  found  at  Miask  in  the  Ural.  (See  Sodium,  Fluobidb  of.) 


VXTBXA&Xlfa  A yellow  amorphous  substance,  produced  by  tho  action  of 
sulphide  of  ammonium  on  paranitrunibne.  (Arppe,  Ann.  Ch.  Fharm.  xevi.  113.) 


JtrXTSUkCBOX^  A heavy  colourless  pungent  liquid,  forme<l,  together  with  others, 
by  the  action  of  strong  nitric  acid  on  ccnanthol  (Tilley,  Phil.  Mag.  [3]  xxxiii.  81) ; 
also  on  choloi'dic  acid  (Kedtenbacher,  Ann.  Ch.  Pharm.  Irii.  145). 


WZTBABCAUn.  See  AMABryx  (i.  162). 

ayXTBAHTXX>XM'»  An  explosive  substance  produced  by  the  action  of  strong 
nitric  acid  upon  starch,  also  called  Xyloidin  (g.  t>.). 

KXTRAIV.  Graham’s  name  for  tho  radicle  NO*  which  must  be  supposed  to 
exist  in  the  nitrates,  when  they  are  regarded  os  formed  on  the  type  of  the  chlorides, 
e.g.  nitric  acid,  NO*.H. 


snTBAVXX>x».  8yn.  with  Nitbatbs. 

mTBASrzXiXM'XL  See  Axilikb,  Nitbic  Derivatives  of,  under  pKEMTUtHTXBS. 
1TXTRA77X8XO  ACXBS.  See  Anisic  Acid  (i.  302). 

XrXTBAn'XBXl>lB.  See  Anise,  Oil  of  (i.  208). 

XrXTXULirXSXXmrE.  See  Anisidine  (i.  304). 
srXTXUlN'XSOXi.  See  Anisol  (i.  305). 

xnTBATXis.  See  Nitric  acid,  under  Nitbooen,  Oxides  and  Oxtosk^Acids  of. 
xrXTXtATXtft  Native  nitrate  of  sodium.  See  Nitrates. 

VXTSAKOVKBWTZiAMXVB.  See  Anilinb,  Nitric  Derivatives  of,  under 

PllENYLAMINES. 


irZTBAZO»B8VTS>-CmACOVAMXC  ACXB.)  » , 

( See  tho  last  reference. 

3rZTBAftOVBB»n>»CXTmACOBAMX3>B.  > 

IfZTBB.  A name  applied  sometimes  to  nitrate  of  potassium,  sometimes  to  nitrate 
of  sodium,  but  more  ft^uently  in  commercial  language  to  the  latter,  the  potassium- 
salt  being  more  especially  distinguished  as  saltpetre. 

irZTXtXC  ACH>.  See  Nitrogen,  Oxides  and  Oxtgek-Acids  or. 

srZTBZCXms.  Syn.  with  Nitrogen. 

IffZTitZBZlS.  This  term  might  be  applied  to  the  compounds  of  nitrogen  with  any 
other  clement  or  radicle,  but  it  is  chiefly  used  to  designate  the  compounds  of  nitrogen 
with  phosphorus,  lx)ron,  silicon,  and  tho  metals.  The  metallic  nitrides  have  for  tho 
roost  part  the  composition  denoted  by  the  formula-  RN,  R^,  or  R*N  (R  denoting  a 
monatomic  metal),  tho  last  being  analogous  to  ammonia.  They  are  mostly  obtained  by 
the  action  of  ammonia  on  metallic  oxides  or  chlorides ; frequently  also  by  the  direct 
action  of  atmospheric  nitrogen  on  metals  at  the  moment  of  s«-paration  from  their  oxides 
by  charcoal.  Most  of  them  have  n metallic  asp«  ct,  are  easily  decomposed  by  heat, 
sometimes  with  explosion  ; some  of  them  however  withstand  a very  high  temperature 
without  decomposition.  Hany  of  them  arc  reduced  to  the  metallic  state  by  ignition  in 
hydrogen  op  ammonia-gas;  heated  with  water  or  hydrate  of  potassium;  they  often 
yield  metallic  oxides  and  ammonia ; they  burn  when  heated  in  the  air.  They  unite 
with  other  metallic  compounds,  especially  with  meta]amides.»[For  the  special  descrip- 
tions  of  these  compounds,  see  the  seve^  metals ; for  the  methods  of  analysing  them, 
BOO  page  65.] 

irXTSZXBS.  This  term  is  applied  to  the  cyanides  of  the  alcohol-radicles 
regartled  as  compounds  of  nitrogen  with  acid  radicles ; thus  cyanide  of  ethyl 
C*H*.CN  — propionitrile  C*H*.N.  (See  Cyanides,  ii.  202,  211,  268,  272,  274;  also 
Bknzonitrile,  i.  603,  and  Cyanide  of  C'etyi.,  i.  840.) 

Hendius  (Ann.  Ch.  Pharm.  exxi.  129)  has  shown  that  the  nitriles  are  converted 
by  direct  assumption  of  hydrogen  into  amines,  according  to  the  general  equation: 
OH**-*  + n*  OH**+*N ; e.g.  formonitrile  (cyanide  of  M'drogen)  into  methyl- 
Hmine,  acetonitrile  into  ethyloxoine,  &c.  Tho  oonveraion  is  enoctod  by  bringing 
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nitnle  mixed  with  hydrochloric  acid  and  alcohol  into  contact  with  metallic  zinc.  (See 
Mbthtlamdsb,  iii. 

wrmm>TK.  See  InDts  (iil  266). 

VXTRZTS8.  Soc  Nrmocs  Acid,  under  Nitbooex,  Oxidis  and  Oxyobn-acids  op. 
irZTR&XOBSKXBirS.  See  Azobvxzexb  (i.  478). 

VZXROBSVrAMXDBS.  See  Bbhzamidb  (i.  541). 

irXTBOBBVZAmXiZBB.  See  Phbxtl>i<bkzamide,  under  Phbxtiavikbs. 
BXTBOBBjrXAXrzaXBZBSf  or  Bexzonitraxisidb  (see  AxismiKR,  i.  304). 

BXTROBEirXBlV'XSS.  See  BEyzBXE  (i.  543). — The  following  are  additional  modes 
of  formation  and  transformation  of  these  compounds. 

1.  Nitrobenzene  is  produced,  together  with  other  products,  by  the  action  of  strong 
nitric  acid  on  oil  of  turpentine  (11.  Schiff,  Ann.  Ch.  Phurm.  cxiv.  201).  See  Tunpax* 

TINS. 

2.  In  preparing  nitrobenzene  for  use  in  perfumeiy,  H.  VoUl  recommends  that  the 
benzene  be  first  distilled  at  a temperature  below  83®,  to  free  it  from  aToIatilo  sulphur- 
etted body  which  it  usually  contains.  The  nitrobenzene  is  subsequently  to  bo  distilled 
in  a current  of  aqueous  vapour,  and  the  portion  of  the  product  which  remains  dissolved 
in  the  water  separated  by  addition  of  common  salt.  (I)ingL  poL  J.  clxrii.  148.) 

3.  Nitrobenzene  distilled  for  a long  time  with  chromate  of  potassium  and  sulphuric 
acid,  is  converted  into  nitrophenoic  acid,  C‘H\N0*)0*  (Church,  Chem.  Soc.  Qu. 
J.  xiv,  52).  See  Phbnoic  Acid. 

4.  When  vapour  of  nitrobenzene  mixed  with  hydrogen  is  pa.ssed  over  heated 
platinum  sponge,  there  is  obtained  amongst  other  products  a yellowish  oil,  forming 
with  hypoclilorito  of  calcium  a blue  substance  which  is  reddened  by  acids  and  turned 
blue  again  by  alkalis.  It  is  insoluble  in  water,  soluble  in  alcohol  and  ether,  and  is 
nentniT  to  litmus.  (O.  Jumel,  Bull.  Soc.  Chim.  1861,  p.  47.) 

6.  Nitrobenzene  heated  with  sulphide  of  carbon  to  160®  is  converted  into  aniline. 
(Schlagdenbauffen,  J.  Pharm.  [3]  xxxiv.  176.) 

For  other  modes  of  cfri*ctiDg  this  transformation,  see  Aniuxe  under  Phbny- 

LAMIXES. 

6.  Nitrol>enzeDe  treated  with  2 pts.  iron  filings  and  ^ pt  strong  hydrochloric  acid 
is  converted  into  a red  colouring  matter  called  ery  throbenzin.  After  24  hours’  contact 
the  solid  mass  is  to  be  triturat<*d  and  exhausted  with  water,  the  clear  solution  pre- 
cipitated with  common  salt,  and  the  product  purified  by  resolution  and  precipitation. 
(K  Laurent  and  J.  Castlehaz,  Rep.  Patent  Inventions,  Oct  1862,  p.  339.) 

7.  Di nitrobenzene  treated  with  irm-jUin^s  and  acriic  acid,  is  converted  into  phony- 

lene-diamine,  C«H\NO»)»  + - 4H*0  + N* HXC'H*)".  (A.  W.  Hofmann, 

Proc.  Roy.  Soc.  xi.  618.) 

xrZTBOBXSrZOBVBt  Syn.  with  Hydride  of  Nitrobenzoyl  (see  Bbizyi.,  Htdridb 
OF,  i 674). 

XrZTROBXOrzOZC  ACZBS.  See  Biu^-zoic  Acn>  (i.  466). 

BXTBOBBWZOM I'i'ltZBS.  See  BEXZoxrmnji  (i.  664).  For  the  action  of 
sulphide  of  ammonium  on  this  compound,  see  SuLPHAMmonEXZAaoKX. 

ITITBOBEBZOTZh  PBBOXZBE  or.  See  I^BOXIDBS. 

BZXBOBEirZOXrB  or  ITXTROBEVZOPKBirOBXl.  See  Benzoxb  (i.  662). 
VXXBOBBXrZOTZ-BEarZOZXr.  St^e  Bbxzoin  (i,  660). 

jrZTBOBBOMO-PBXOrZC  or  -CARBOZJCC  ACZB.  See  Phenol,  Hebita- 

TIVES  OK. 

VZTROBUTTXtOBTZC  ACZB.  Syn.  with  BuTTRO-Kmuc  Acm  (i.  698). 

■ XTltOC AZCZTB.  Native  nitrate  of  calcium  (see  Nitrates). 

JU  XT  HOC  APBXO  ACZB.  C'"H'*(N0*)0. — Produc^  together  with  nitrocapTylie 
acid,  by  the  action  of  boiling  nitric  acid  on  the  uon-volatile  fatty  acids  of  cocoa-nut  oil. 
(Wire,  Ann.  Ch.  Pharm.  civ.  289.) 

XrZTBOCAPRTUC  ACZB.  See  Caprtlic  Actd  (i.  746). 
VZT&OCA&BOBZO  ACZB.  Syn.  with  Nitrophbnic  Acid. 
irZTBOCBBZ.irzOBB,  See  Cellulose  (i.  819)  and  Pyroxylin. 
VZTBOCHBOBOBBWZBra.  See  CuLORiDE  OF  Hxnit&ophskyl,  oader  Phxnyl, 
Chu)bo>i  of. 
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jrzraOCBMXOBBMXOXO  ACZB8.  These  acids  are  produced  bj  the  action 
of  fuming  nitric  acid  on  the  corresponding  chlorobonzoic  acids.  yitromonocklorobeii~- 
sole  add,  C’H*CI(N0*)0*,  is  slightly  soluble  in  cold,  easily  in  hot  water,  and  crys- 
tallises in  needles  which  melt  at  205(?)  Its  sil7er*salt  is  a white  precipitate  which 
sej>RTates  from  water  in  flat  crystals.  yUrodichlorohenzoic  acid,  C’H*C1*(N0*)0*,  is  a 
yellowish  oil  which  does  not  solidify  eren  after  long  standing.  (Otto,  Ann.  Ch.Pharm. 
exxii.  129.) 


vmtocnxiosovzcaxo  aczi>. 
srrrsocHXtOsoirxoBira. 


See  Chlorokickic  Acid  (i.  920). 


H ITROCHOUC  ACZ3>.  CH^N^CP?  (Redtenbacher,  Ann.  Cb.  Pharm.  Ivii. 
145.) — An  acid  produced  by  the  action  of  nitric  acid  on  choloidic  acid  (L  929).  The 
heavy  oil  which  condenses  in  the  receiver  has  an  acid  reaction,  but  is  not  a uniform 
substance.  When  washed  with  water  and  left  in  contact  with  aqueous  potash,  it 
ao»iuires  a yellow  colour,  and  if  the  alkaline  solution  is  concentrated,  deposits  lemon- 
yellow  crystals  of  nitrocholato  of  potassium.  To  obtain  the  whole  of  this  salt,  the 
alkaline  solution  is  decanted  from  the  unaltered  oil  and  evaporated  in  a vacuum.  It 
may  be  purified  by  redissolving  the  crystals  in  tepid  water,  and  again  evaporating  in  a 


yitrochohte  of  potassium,  CHKN^O*?,  has  a lemon-yellow  colour,  and  apparently’ 
the  same  form  as  feirooyanide  of  potassium  ; it  has  a slightly  intoxicating  odour,  and 
is  not  permanent  in  the  air.  The  crystals,  as  they  dry  even  in  vacuo,  and  especially  if 
heated,  split  into  a great  number  of  small  fra^tmts,  acquiring  at  the  same  time  a 
powerful  odour  and  apparently  suffering  decomposition.  The  solution  of  the  salt 
decomposes  under  the  same  circumstances.  When  boiled  for  a long  time,  it  yields 
ciystalsof  saltpetre,  W'^hen  decomposed  by  an  acid,  dilute  sulphuric  acid  for  example, 
it  yields  nitrous  acid,  nitric  acid,  a fat  oil  and  hydrocyanic  acid,  products  which  may 
likewise  be  obtained  from  the  mother-liquor  of  the  crude  uitrocholate.  Nitrocholata 
of  potassium  does  not  precipitate  metallic  salts. 


SrmOCBSTSBirB.  See  Chbtskxb  (i.  958). 

irXTXOCZSnrABCEKB.  See  ClXNAXENB  (i.  983). 

xrZTBOCXmrAHSXC  AOZD.  See  CiNHAVic  Acm  (i.  983). 

VZTBOCXmrAMXDB.  See  CiNVAViDB  (i,  989). 

XI ITltOCXinr  AJrZBZSZBB.  Nitranisyl-cinnaimde  ox  CinnitranUide,  C'*H**N*CH 
(s.H?  i.  304,  989). 

M 1TBOOOCOXT8XO  ACXX>«  A product  of  the  action  of  nitric  acid  on  carmine 
(i.  804). 

xrXTBOCOIXBXWB.  See  CoDElNB  (i.  1068). 

arXTBOCOUMAJUSr.  See  CouHARlx  (ii.  94). 

VXTBOCITKXtirS  or  XTXTXtOCnrMOX..  See  CrMBNR  (ii.  174). 

VrrBOCltXIBTX.XO  ACXB.  See  Chhstlic  Aixtohol  (ii.  207). 

SXXT&OClTMXlWTXftABCXVS  or  XrXTBOOVKZXXXXrS*  See  Cuhbxtlauixb 

(ii.  178). 

VXTKOCtmCXirxc  AOXB.  See  CruiMC  Acid  (i.  178). 

WXTBOCTMXtirS  or  ITXTBOCTKOXi.  See  C\-HKKK  (ii.  296). 

XrXTBOBBACOXXESXC  ACXX>.  Syn.  with  NiTBANisic  Acid. 

3VXTXOXIXCBXtOBOPBX!3XXC  ACXX>.  yhrvdichloroplunolf  yUrodichlorocar* 
bolic  add.  (See  Fhx.nol,  Dehivativks  of.) 

VXTBOXXBACTXAJBXDB.  Isomeric  with  nitrobenzaroide  (i.  541). 

Obtained  by  the  action  of  ammonia  on  nitrodracylic  ether.  (Wilbrand  and 
Beilst  cin.) 

VXTBOXXBACmXC  ACXIX.  Paranitrcf>mzoic  add.  C’H*(NO*)0*  (Wil- 
brand and  BeiUtoin,  Ann.  Ch.  Pharm.  cxxri.  266  ; cxxviii.  257. — 6.  Fischer, 
cxxvii.  137 ; exxx,  128.) — An  acid  isomeric  with  nitrobenzoic  acid,  produced  by 
the  action  of  fuming  nitric  acid  on  toluene  (hydride  of  benzyl).  It  was  ^t  observed 
by  Olenard  and  Boudault  (Ann.  Cb.  Pharm.  xlviii.  344),  who  however  assigned  to 
it  the  formula  Fischer  obtained  it  as  a secondary  product  in  preparing 

nitrobenzene  from  benzene  containing  toluene.  By  agitating  the  crude  nitrobenzene 
thus  obtained  with  dilute  soda-ley,  and  neutralising  the  alkaline  solution  with  hydro- 
chloric acid,  the  acid  separated  in  flocks,  which  were  purified  by  rcciystallisatiou  with 
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«d<]iti*on  of  animal  charcoal.  Wilbrand  and  Beilstein  saturate  fuming  nitric  acid  with 
toluene,  keeping  the  liquid  cool ; boil  the  mixture  for  four  or  five  days  with  excess  of 
nitric  acid;  dilute  the  liquid  with  water;  distil  off  the  greater  part  of  the  nitric  acid 
and  the  onattacked  toluene ; agitate  the  residue  with  dilute  ammonia ; supersaturate 
with  nitric  acid  ; and  purify  the  separated  nitrodracylic  acid  by  repeated  solution  in 
ammonia,  precipitation  with  acid,  and  recrystallisation  from  ^conoL  The  mother- 
liquor  retains  a more  soluble  acid,  not  yet  examined. 

Nitrodracylic  acid  crptallises  ftom  solution  in  yellowish  laminse,  and  sublimes  in 
slender  needles.  It  is  easily  soluble  in  alcohol,  ether,  and  boiling  water ; melts  at  240^ 
(nitrobenzoic  acid  at  127*^). 

^iitrodracyhU  of  Ammonium,  C^H\NH*)(N0*)0*.2H*0,  crystallises  in  faint  rose- 
coloured  very  efflorescent  laminfe  (Wilbrand  and  Beilstein).  On  saturating  an 
arorooniacal  solution  with  sulpbydric  acid,  and  adding  acetic  acid  to  the  filtrate,  a crys- 
talline precipitate  is  formed  consisting  of  oxy dracylamic  acid,  C^H’NO'^  or 

I Qt  with  oxybenzamicacid  (Fischer).  The  same  acid  is  produced 

by  treating  nitrodracylic  acid  with  tin  and  hydrochloric  acid  (W.  and  B.).  See  Oxt- 
i>BacYi..isnc  Acid. 

Nitrodracylate  of  Barium,  2C’H*Ba(N0*)0*  5H"0  or  C'*H“Bba"(N0’)*0‘.6n'0, 
crystallises  in  transparent  yellow  prisms  (W.  and  B.);  the  caioittm-mlt  in  ct^lourless 
needles  containing  C*H«Ca(N0*)0».4H»0  or  C'*H•Cca''(N0*)*0^8H*0  (W.  and  B.) ; in 
splendid  large  tables,  C'*H*Cca''(N0')K)*.9H*0,  which  give  off  8 at.  water  over  oil  of 
Titriol,  and  the  remainder  at  150°  (Fischer).  [Nitrobenzoate  of  calcium  crjslal- 
lUes,  according  to  Fischer,  in  indistinct  nodules  with  2 at.  water,  which  it  givt's  off 
between  130°  and  190°.] 

The  lead-salt,  C**H*Ppb''(X0’)’0*,  crystallises  in  needles  (W.  and  B. ; Fischer); 
the  magnesium- salt  in  thick  rhomlx»hedral  crystals  (W.  and  B.) ; the  silver-salt  in 
needles  (Fischer;  W.  and  B.)  ; the  sodium-^t  in  large  yellow  prisms.  (W.  and  B.) 


wrrmODSAXnXXC  STKERS.  The  ethylic  ether,  C^H<(C>H*)(N0^)0’ 
obtained  by  treating  the  alcoholic  solution  of  the  acid  with  hydrochloric  acid  gas, 
crystallises  from  alcohol  in  large  inodorous  laminse,  molting  at  67° — The  metkylic 
ether,  C'H\CH'XN0’)0®,  forms  nacreous  lamime  melting  at  96°,  (Wilbrand  and 
Beilstein,  loc.  cit.) 


MlT>0>ltITIUk01f IIHJIITB.  Niiroerythrin,  See  E&TTHUoMAmiiTB  (ti. 
dOd). 

inraOKTHYMC  ACX1>  (»X-).  C*H«N*0*.  (Frankland,  Phil.  Traus. 
1857,  p.  69;  Chem.  Soc.  J.  xi.  89.) — This  acid  is  obtained  as  a zinc-salt,  C*IPZnN*0* 
or  rather  C*H‘®Zzn'^^*0‘,  by  the  combination  of  4 at.  nitric  oxide  (NO)  with 
1 at,  zinc  ethyl  (<U^H**Zzn’').  When  zinc-ethyl,  either  pure  or  dissolrea  in  ether, 
is  passed  np  by  small  quantities  into  dry  nitric  oxide  confined  over  mercury,  the  gas 
is  absorbed  slowly,  but  completely  and  in  large  quantity,  without  the  production  of  any 
other  gas.  The  solution  may  be  accelerated  by  agitation.  At  the  end  of  one  to  four 
days,  rhomboidal  crystals  of  a zinc-salt  begin  to  be  deposited,  and  increase^  in  number 
till  the  liquid  finally  solidifies. 

[For  a description  of  the  mode  of  preparing  it  in  larger  quantities,  see  the  memoir 
Ahore  cited;  also  Gmelin's  Ilandltook,  xii.  655.1 

The  salt  obtained  as  above  is  a compound  of  dinitroethylate  of  zinc  with  zinc-ethyl, 
C*H**Zzn‘7?^0*.Zzn’'(C^H*)*.  It  dissolves  in  anhydrous  ether,  and  separates  from  the 
solution  iu  large,  colourless,  transparent,  rhomboulal  crystals,  wliich  instantly  In’come 
opaque  on  exposure  to  the  air,  owing  to  the  formation  of  an  oxidised  product.  II»?4ited 
to  between  180°  and  190°  itgives  off  a mixture  of  carbonic  anhydride,  ethylene,  hydride 
of  ethyl,  nitrogen,  and  nitrous  oxide. 

A basic  dinitroethylate  or  oxy-dinitroethylats  of  tine,  C*H>®ZznN^O*i^nO,  is 
obtained  by  treating  the  preceding  salt  with  water,  which  decomposes  the  zinc-ethyl, 
with  evolution  of  hydride  of  ethyl  and  formation  of  oxide  of  zinc.  The  oxy-dinitroethy- 
late  remains  dissolved  in  the  water,  and  ou  passing  carbonic  anhydride  through  the 
eolation,  carbonate  of  zinc  is  precipitated,  aud  a solution  is  obtained  which  when 
evaporated  to  dryness,  yields  neutral  dinitroethylate  of  tine,  as  a radiated  crystalline 
mass  composed  of  C*H’*Zzn"N*0'.H*0  ; and  this  when  heated  to  100°,  yields  the  anhy- 
drous salt,  which  takes  fire  at  about  300°,  burning  with  a beautiful  bluish-green 
flame. 

JHniiroethylic  acid  is  obtained  in  dilute  aqueous  solution  by  decomposing  a dilute 
eolation  of  the  zinc-salt  with  sulphuric  acid  and  distilling  in  a vacuum,  or  by  decom- 
posing  the  barium-salt  with  just  sufficient  sulphuric  acid  to  precipitate  the  base.  It 
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NITROKaXANTHIC  ACID— NITROGEN. 


has  a pnngont  odour,  reddens  litmus  strongly,  and  is  very  unstable,  decomposing 
gradimlly  even  at  ordinary  temperatures,  and  mpidly  when  slightly  heated,  with  CTolu* 
tion  of  gases  and  white  vapours. 

The  ainitroethylates  are  all  soluble  in  water  and  in  alcohol,  and  most  of  them  crys- 
tallise with  mon»  or  less  difficulty.  They  are  all  riolcntly  acted  on  by  strong  nitric 
acid,  the  dinitroethylic  acid  lieiiig  decomposed  and  a nitmto  of  the  base  productMl. 
Dilute  nitric  acid  acts  in  a similar  way.  but  more  slowly.  They  all  melt  at  a little 
above  100®.  The  potassium',  sodium-,  calcium-,  and  barium-salts  deflagrate  explosively 
like  loose  gunpowder,  at  a temperature  considerably  below  redness. 

DinitnyrthyhU  of  Harium,  C*H'*Hba‘'N*0‘,  prepared  by  treating  the  zine-salt  with 
excess  of  caustic  baryta,  removing  the  excess  of  baryta  by  carlwnic  acid,  &c.,  is  neu- 
tral, unciystallisable,  very  deliquescent,  and  very  soluble  in  water. — The  calcium-salt, 
C*H'*Cca''N*0*.3H*0,  prepared  like  the  barium-salt,  crystallises  in  silky  needles  which 
give  off  2 at.  water  at  100®.  By  distillation  with  ethyl-sulphate  of  potassium  it 
appears  to  yield  dinitroethylate  of  ethyl. — The  copper-salt,  2C*H'*Ccu"N*0*.H*0, 
pn'pared  from  the  barium-sjQt  by  double  decomposition,  forms  a solution  of  a splendid 
purple  colour,  which,  by  evaporation  in  a vacuum,  yields  purple  four-sided  needle* 
several  inches  long. — The  ma^nesinm-salt,  C*H**Mmg"N*0*,  prepared  by  decomposing 
the  zinc-salt  with  magnesia,  separates  from  the  solution,  when  concentrated  over  a 
water-bath,  in  granular  crvf^tals  which  melt  at  100®,  and  dry  up  to  a solid  amorphous 
mass  consisting  of  the  anhydrous  salt, — The  silver-salt,  (7H*AgN*0\  prepared  like  the 
copper-salt,  is  very  soluble  in  water,  and  crystallises  in  very  light  scales,  which  are 
rapidly  decorapostxl  on  exposure  to  light.  A compound  of  this  salt  with  nitrate  of 
silver,  C^H*AgN*0*.AgNO*,  is  obtained  as  a crysUillo-granular,  sparingly  soluble  pre- 
cipitate, on  mixing  concentratixl  solution  of  dinitroethylate  of  zinc,  and  nitrate  of  silver. 

VZTSOBVXAJi THXC  ACX3>,  See  Euxantric  Aero  (u.  610). 

irXTSOrSR&XCTAWXl>88.  Nitroprussuics.  (See  Ctawidbs  op  Isoiv,  it. 

250.) 

srXT&OFORUC.  See  NiTBOirxTiiroBS. 
wmOFRAirOVXiZO  ACZD.  See  FBAXon.iw  (ii.  707). 

KITROGEV.  Azotf.  Gas  azote.  Stickluft.  Stickst^‘f‘.  Atomic  Weight,  14, 
Symbol,  N. — This  element  was  discovered  by  Rutherford  in  1772.  Lavoisier 
6ul>seqiienlly  ascertained  that  atmospheric  air  is  compo.sed  of  oxygen  and  Ditn>grn 
gush's,  the  latter  of  which  he  cjilled  azote,  from  its  incapability  of  supporting  life  (a  and 
Chaptal  afterwartls  gave  it  the  name  nilroffcn,  from  its  entering  into  the  com- 
position of  nitre,  nitric  acid,  &c. 

Nitrogen  constitutes  al>out  one-fifth  of  the  volume  of  the  atmosphere.  It  occurs 
also  in  the  tree  state  in  the  air-blxulders  of  fish,  and  in  other  cavities  of  the  bodi«*H  of 
animals  and  vegetables.  In  combination  it  oevurs  in  native  nitrates  and  ammo- 
niacul  salts,  and  in  avast  number  of  organic  compounds,  especially  those  belonging  to 
the  animal  kingdom. 

Prtparadon.  1.  Fr4*m  the  Air. — Nitrogen  may  be  separated  from  the  air  by  burning 
in  it  any  substance  which  forms  with  the  oxygen  a product  that  can  •.•n.*‘ily  be  removed. 
Thus  when  phosphorus  burns  under  a bell-jar  standing  over  wat<-r  in  the  pneumatic 
trough,  phosphoric  acid  is  pro<luced,  and  is  quickly  absorla-d  by  the  water,  which  thrn 
rises  into  the  jar  till  it  fills  nlK)iit  one-fiflh  of  the  space  originally  occupied  by  the  air. 
The  remaining  gas,  after  being  well  shaken  several  times  with  fnsh  portions  of 
water  to  remove  the  last  traces  of  phosphoric  acid,  consists  of  nitrogen  contaminated 
only  with  aqin-ous  va|x>ur  and  a trace  of  «irbonic  anhydride.  When  the  ga.s  is  n-quireil 
quite  pure,  u l>etter  metlnxl  of  obtaining  it  is  to  pAssntr  previously  freed  fnim  carl*onic 
anliydride  by  caustic  potash  and  from  aqueous  vaf-ourby  oil  of  vitriol,  over  ignite<l  metallic 
copper ; the  oxygen  then  enters  into  combination  with  the  copj»er  and  the  nitrogen,  may 
be  received  in  a vfS'icl  exhausted  of  air.  Or  air  from  a gjis-holder  may  lx*  nassixl 
through  a large  Ixittle  fdbni  witli  a mixture  of  moistened  sawdust  and  precipitutoil  oxidei 
of  iron  which  has  her  n converttnl  into  sulphate  of  iron  by  a current  of  sulphydric  acid 
gas.  After  its  transit  through  thisvessel.  the  air,  deprived  almost  entirely  of  its  oxy- 
gen, should  bo  passed  through  a series  of  four  U-tub<‘a,  the  first  two  containing  solution 
of  pyrogallate  of  potassium  a caustic  potash  to  absorb  the  carbonic  anhydride  and  residual 
oxygen,  the  last  two  containing  oil  of  vitriol  to  absorb  the  aqnc'ous  vapour.  This 
is  a very  convenient  methcKl  in  practice,  as  the  sulphide  of  iron  may  be  restored  to 
efficient  activity  an  indtffiuite  number  of  times  by  passing  sulphydric  acid  gas  tlirough 
the  containing  vessel. 

2.  From  Ammonia  and  its  salts. — a.  By  passing  clUorine  through  aqueous  ammonia : 
4NH*  Cl«  - N + 3NIDC1. 
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The  liberated  nitrogen  may  be  freed  from  adheringnmmoniahy  washing  with  eulphnric 
acid-  Care  must  be  taken  to  keep  the  ammonia  in  con.siJeralde  exeeaa,  Ji.'<  otherwise 
the  dangerous  compound,  chloriuc  of  nitrogen,  may  be  formed  by  the  action  of  the 
chlorine  on  Uu*  sal-ammoniac.  According  to  Anderson  (Chem.  News,  r.  246),  the 
nitrogen  obtain<d  by  this  method  is  always  mixed  with  oxygon. 

Solution  of  nitrite  of  ammonium  when  boiled  splits  up  into  water  and  nitrogen, 
NH*NO*  2H*0  + But  as  this  salt  is  difficult  to  prepare,  it  is  better  to  sub- 
stitute for  it  a mixture  of  sal-ammoniac  and  nitrite  of  potassium : • 

NH*a  + KNO*  =.  Ka  + 2H»0  + N. 

This  is  the  easiest  of  all  methods  of  obtaining  pure  nitrogen.  The  solution  of  nitrite  of 
pr>tassium  may  be  prepan*d  by  pas.s:ng  nitrous  anhydride,  evolved  from  starch  and 
nitric  acid,  into  solution  of  potash  of  specific  gravity  r38,  till  it  actiiiir»»H  a decided 
acid  reaction,  when  it  is  to  be  neutralis<\l  by  further  addition  of  the  alkali.  Thi.s solu- 
tion un  lergtxs  no  changt^  by  kt'cping,  and  when  required  to  yield  nitrogen,  must  bo 
mixed  with  three  times  its  volume  of  a concentrated  solution  of  Nal-ammuuiac. 

7.  Nitrate  of  ammonium  heated  in  the  dry  state  with  sal-ammoniac  also  yields 
nitr«>gi‘n,  together  with  chlorine,  which  maybe  absorbed  by  slaked  lime  or  caustic 
potash : 

2(Nn*)No>  + Nii*a  =.  N»  + Cl  + sn-o. 

Nitrogen  may  also  bo  obtaine<l  from  nitrate  of  ammonium  'by  dipping  a piece  of 
metallic  rinc  into  the  fusetl  salt. 

3.  Or  it  may  be  procured  by  saturating  oil  of  vitriol  with  nitric  oxide  giis,  adding 
sulphate  of  ammomura,  and  heating  to  130®. 

3.  From  Animal  snUtancfg. — Muscle  and  other  animal  substances  gently  heated 
with  dilute  nitric  acid  give  off  nitrogen,  together  with  a little  nitric  oxide,  which  may 
be  removed  by  ptissing  the  evolved  gas  through  a solution  of  ferrous  sulphate. 

Prtyprrtifs. — Nitrog*‘n  is  a colourless  uncondensable  gas,  of  specific  gravity  0 972  ; 
tastehss,  inodorous,  and  without  action  on  vegetable  colours.  It  is  sparingly  soluble 
in  wn/rr,  100  measures  of  which  at  15®  dissolve  only  IJ  measurca  of  nitrogen.  (St*© 
Gast-s,  AiwtmPTioN  op,  ii.  795.)  It  is  incomljustible,  and  does  not  support  the  com* 
bustiouof  orlinar)'  combustibles  (sulphur,  phosj^horus,  earl^on,  hydrocarbons,  &c.).  It 
may  be  broathcsl  for  a short  time,  but  does  not  support  respiration.  It  is  nut  poisonous, 
but  an  animal  immer9e<l  in  it  dies,  simply  for  want  of  oxygen.  Its  function  in  the  at- 
mosphere, as  regards  combustion  and  respiration,  appears  to  be  merely  that  of  a diluent, 
preventing  the  too  rapid  action  that  would  take  place  in  an  atmosphere  of  unmixed 
oxygen. 

In  the  free  state,  nitrogen  exhibits  for  the  most  part  but  little  chemical  activity. 
The  met.als  titanium,  tanUdum,  timgstm,  and  probably  a few  others,  combine  with  it 
however,  and  oven  bum  in  it,  and  under  certain  circumstances  it  may  be  made  to  unite 
din'ctly  witli  hydrognt,  osggfn,  and  carbtm.  Thus  when  a long  series  of  electricsparks 
is  pfisstnl  through  a mixtun>  of  oxygen  and  nitrogen  gas<'s  standing  over  a solution  of 
caustic  alkali,  comhination  slowly  tak«  s place,  and  a nitrate  of  the  alkali-metal  is  pro- 
duced. Tmcea  of  nitric  acid  and  nitnitc  of  ammrintum  also  result  fn>m  burning  hydro- 
gen gas  mixed  with  nitrogen  in  an  ntmospheri*  of  air  or  oxygen.  Nitrogen  and 
hydrogen  can  also  unite,  when  one  or  both  the  gases  are  in  the  nascent  state,  to  form 
ammonia  (i.  182).  The  dir»‘ct  union  of  carbon  with  nitrogeu  to  form  cyanogen,  takes 
place  when  nitrogen  gas  or  atmospheric  air  is  passed  over  an  ignited  mixture  of  diareoal 
and  potash  or  bjiryta.  (See  Cyamiibs,  ii.  198,  239.) 

The  slight  affinity  existing  Ix’twcen  nitrogen  and  other  eloment.s  gives  a peculiar 
character  to  its  compounds,  many  of  which  are  extremely  prone  to  decomposition,  e.g, 
the  az«jti8ed  principles  of  the  animal  and  vegetable  organism.  Many  nitrogen- 
compounds  also,  especially  those  which  contain  the  oxygenated  radicle  nilryl,  NO*,  aro 
highly  explosive. 

Nitrogen  belongs  to  the  pentad  group  of  elements  (iii.  967X  including  also  phospho- 
rus, arsenic,antimony  and  bismuth.  It  enters  however  into  combination  with  other  ele- 
ments in  several  proportions ; thus  there  is  a complete  series  of  oxides  of  nitn>gen,  in 
which  the  ratio  of  the  number  of  nitrogen  atoms  to  that  of  the  oxygen-atoms  ranges 
between  the  limits  2 : I and  2:5;  and  Oriess  has  shown  that  in  a variety  of  organic 
bodies,  a single  atom  of  nitrogen  may  be  substituted  for  I or  for  3 atoms  of  hydrogen. 
In  ammonia  and  its  numerous  sul>stitution  derivatives,  asingle  atom  of  nitrr^en  is  united 
with  3 atoms  of  hydrogen  or  of  radicles  equivalent  tUoreto ; in  the  ammonium-salts  and 
(heir  analogue's,  on  the  other  hand,  an  atom  of  nitrogen  is  united  with  5 atoms  of 
hydrogen  and  other  monatomic  elements,  or  with  equivalent  quantities  of  polyatomic 
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elementa:  chloride  of  ammoniani,  N 


Q ; solphate 


orthophospbato  of  ammonium, 


N> 


H'* 

(PO<)-. 


of  ammoniam,  N* 


VZTSOOBV,  BO&Z9B  OV.  See  Borox,  Nitridb  of  (i.  635). 
xrzTItOOBn’,  BKODCZSB  or.  NBr*?— Formed  by  decomposing  chloride  of 
nitrogen  with  aqueous  bromide  of  p>tas8ium.  Benae  blackish^red,  rery  volatile  oil, 
having  an  odour  like  that  of  the  chloride,  and  exploding  violently  by  contact  with 
phosphorus  and  arsenic.  (Millon,  Ann.  Ch.  Phys.  Lxiz.  75.) 

vmoOTX,  CBZiOBIBB  OF.  N'CF  ?— This  highly  exnlosive  compound  was 
discovered  by  Duiong  in  1812.  It  may  be  prepared  : 1.  By  tUling  a bottle  carefully 
cleaned  and  freed  from  every  trace  of  greasy  impurity,  with  chlorine  gas,  and  inverting 
it  over  a leaden  dish  containing  a weak  solution  of  some  ammoniacal  salt,  a solution  of 
1 pt.  eal-ammoninc  in  12  to  15  pts.  water  being  generally  employed.  The  chlorine  is 
then  gradually  absorbed,  while  yellow  oily  drops  of  chloride  of  nitrogen  form  on  the 
surface  of  the  liquid,  and  soon  fall  to  the  bottom.  The  reaction  is — 


NH'a  + CT*  - 4HC1  + NCI*. 

2.  When  a small  lump  of  sal-ammoniac  is  suspended  in'an  aqueous  solution  of 
hypochlorous  acid,  the  same  compound  is  deposited,  being  produced  according  to  the 
reaction : 

NH'Cl  + 3HGO  =.  HCl  + 3H*0  + NG*. 

This  is  a better  mode  of  preparation  than  the  former. 

Chloride  of  nitrogen  is  a thin  yellow  oil  of  specific  miFity  1*653.  It  volatilises 
quickly  in  the  air,  giving  off  a peculiar  penetrating  odour,  and  attacking  the  eyes 
strongly.  When  heated  to  nearly  UK)®,  or  when  trt'sted  with  any  oil  or  fat,  or  with 
turpentine,  phosphorus,  and  many  other  substances,  it  decomposes  with  an  extremely 
Tiolent  though  local  explosion.  A single  drop  of  it  exploded  on  a glass  or  porcelain 
dish,  shatters  the  vessel  to  atoms.  By  hydrochloric,  sulphydrie,  or  sulphurous  acid,  it 
is  decomposed  without  explosion,  and  these  reactions  afford  tlic  means  of  analysing  the 
compound.  The  results  of  diffi  rent  chemists  who  have  examined  it  do  not,  however, 
agree.  Acording  to  Bineau  (Ann.  Ch.  Phys.  [3]  xv.  71)  it  has  the  formula  NCI* ; 
according  to  hlillon  (Ann.  Ch.  Phjs.  [2]  Ixix.  75),  it  is  N*H*Cl*  ■■  NC1*.2NH’; 
according  to  GUdstone  (Chem.  Soc.  Qu.  J.  vii.  51),  N*HC1*  = NCRNHCl*.  The 
reaction  with  sulphurous  acid  is,  according  to  Bincau's  formula, 

NCI*  + 3H»SO*  + 3H*0  - NHVH.SO'  + 2H*S0*  + 3UCI; 
according  to  Gladstone's, 

N*HCP  + 5H'SO*  + 5H*0  - 2(NH*.H.S0‘)  + 3H»SO*  + 5HCT. 


KTmoaVK,  CBBOBOFKOBPBXBB  OF.  NPG*.  Sec  Phosphorus,  Cblo- 

BOXITRIDK  OF. 

BmoOBBT,  CBMBOSBXiFBZBa  OF.  NS’G  or  N*S*.SC1'.— When  the 
compound  2NU*.SC1*  (obtained  by  bringing  ammonia-gas  slowly  in  contact  with 
protosulpbide  of  chlorine)  is  beatcHl  for  some  hours  to  100^  in  a glass  tulx%  it  is 
converted  into  a yellow  mixture  of  sal-ammoniac  and  chlorosulphide  of  nitrogen  : 

2(2NH*.Sa*)  = 3NH*a  + NS’G. 

On  heating  this  mixture,  sabamrooniac  is  given  off,  and  the  chlorosulphide  of  nitrogen 
is  resolved  into  nitrogen,  sulphur  and  disulphide  of  chlorine— 

2NS*Cl  - N"  + S*CP  + S*. 


The  same  mixture  dissolves  completely  in  water,  and  the  solution,  which  is  yellow  at 
first,  becomes  turbid  aftera  while  and  slowly  deposits  a brown  powder,  and  is  tht^n  found 
to  contain  sal-ammoniac  and  hyposulphurous  acid,  with  a trace  of  sulphydrie  acid.  The 
principal  reaction  may  bo  expnsscd  by  the  equation : 

NS’Cl  + 3H»0  - NH«C1  + H*S*0». 


The  brown  powder  appears  to  be  composed  of  7 at.  sulphur,  3 at  hydrogen  and  3 at 
nitrogen,  with  a trace  of  chlorine. 

When  carbonic  anhydride  is  passed  through  a hot  solution  of  sulphide  of  nitrogen 
in  protosulphide  of  chlorine,  a small  quantity  of  chlorosulphide  of  nitrogen  sublimes 
after  a while  in  yellow  crystals.  The  compound  thus  prepared  gives  a blue  colour 
with  ammonia.  (Soubeiran,  Ann.  Ch.  Phys.  Ixvii.  87,  101.  8ee  also  Gmchn't 
Uandbwk^  ii.  475.) 
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WTTUOOmr,  SBTSCTXOST  Jksn  SMTIMATIOV  OT,  Reactions.^'ThQ 
propertie#  of  nitrogen  in  the  free  state  have  been  alre^uly  di  scribed.  They  arc 
eseendallj  negative.  A gas  which  does  not  burn  in  the  air  or  support  the  combustion  of 
a taper,  which  has  neither  an  acid  nor  an  alkaline  reaction,  does  not  render  lime-water 
turbid,  and  is  not  absorl>ed  by  caustic  alkalis  or  by  acids,  may  be  pronounci*d  to  bo 
nitrogen.  In  like  manner,  in  examining  a gast'ous  mixture,  after  all  the  absorbable 
gases  have  been  removed  by  appropriate  reagents,  hydrogen  and  hytirocarbons  by  ex- 
plosion with  oxygen,  and  oxygen  itself  by  ex^c^ion  with  hydrogen,  the  residual  gas  cjin 
consist  of  nothing  but  nitrogen,  and  its  volume  may  be  determined  by  direct  mea.sure- 
menh  (See  Akaltsis  (Volumxtbic)  of  Gases,  i.273, 280, 285;  also  Atmosphere,  i.  636.) 

The  methods  of  detecting  and  estimating  nitrogen  in  liquid  and  solid  compounds  in 
which  it  is  associated  with  carbon  and  hydrogen,  viz.  in  organic  bodies,  have  be<'n 
already  fully  described  in  the  article  Aj^alysis,  Organic  (i.  225,  239).  The  method  of 
calcinatioo  with  soda-lime  may  also  be  applied  to  the  determination  of  nitrogen  iu 
many  inorganic  compounds,  e.g,  the  nitride  of  boron  (i.  635),  and  certain  metallic 
nitrides. 

Nitride  ofboron  may  also  be  analysed  by  mixing  it  with  a known  weight  of  pure 
oxide  of  lead,  drenching  the  mixture  with  nitric  acid,  evapomting  it  to  dryneas,  and 
calcining  it  in  a platinum  crucible.  Tlie  excess  of  weight  of  the  residue  over  the 
original  weight  of  the  lead-oxide  gives  the  quantity  of  boric  anhydride  produced  by 
the  oxidation  of  the  boron,  whence  the  amount  of  boron  in  the  compound  may  be  cal- 
culated, and  the  nitrogen  determined  by  difference. 

Nitride  of  phosphorus  may  be  analysed  in  a similar  manner;  or  by  heating 
it  to  redness  in  u stream  of  hydrogen,  whereby  the  nitrogen  is  converted  into  ammonia, 
which  may  be  condensed  in  hydrochloric  acid,  and  estimated  as  platinum-salt. 

Sulphide  of  nitrogen  is  analysed  by  oxidising  the  sulphur  with  nitric  acid,  or 
with  hydrocldoric  acid  and  chlorate  of  potassium;  or  dissolving  the  compound  iu 
dilute  potash,  and  oxidising  with  hypochlorite  of  potassium.  The  sulphuric  acid  thus 
formed  is  pr«*cipitated  by  a barium-salt,  the  quantity  of  sulphur  thence  calculated,  and 
the  nitrogen  determined  by  diffen-ncc. 

The  compounds  of  nitrogen  with  chlorine,  bromine,  and  iodine,  may  be  analysed 
by  decomposing  them  with  hydrochloric,  sulphydric  or  sulphurous  acid,  and  determining 
the  quantities  of  ammonia,  and  of  hydrochloric  acid,  &c.,  thereby  produced  (see  iii. 
281,  and  iv.  64). 

The  nitrogen  in  metallic  nitrides  may,  in  most  cases,  be  accurately  determined 
by  i^piitiug  the  compound,  reduced  to  very  fine  powder,  with  oxi<U  of  copper  in  a eom- 
bttsUon-tube.  The  metal  is  thereby  oxidised,  and  the  nitrogen  is  given  off  as  gas,  which 
may  be  cullecte^l  and  measured.  It  does  not  appear  that  any  oxides  of  nitrogen  are 
fonntHl  during  the  combustion.  If  the  compound  also  contains  hydrogen,  that  nement 
will  be  converted  into  water,  which  may  be  condensed  in  a chloride  of  calcium  tube,  as 
in  organic  analysis.  In  some  cases  exact  results  may  be  obtained  i^iting  the 
nitride  in  a current  of  air  or  oxygen — whereby  the  met^  is  oxidised,  while  l^e  nitn^en 
escapes — weighing  the  resulting  oxide,  thence  determining  the  amount  of  metal,  and  the 
nitrogen  by  difference. 

Another  roetliod  of  decomposing  metallic  nitrides  is  to  ignite  them  in  a state  of 
extremely  fine  division  in  a stream  of  hydrogen  gas.  The  nitrogen  is  then  converte<l 
into  ammonia,  which  may  be  condensed  in  hydr^hloric  acid,  while  the  metal  remains 
in  the  free  state.  If  an  oxide  is  likewise  present,  water  will  be  formed ; and  if  it  be 
condensed  by  chloride  of  calcium  or  hydrate  of  potassium  and  weighed,  its  weight  will 
give  by  calculation  the  quantity  of  oxide  present  in  the  metallic  compound.  There  are 
a few  metallic  nitrides  which  are  not  decomposed  by  hydrogen ; such  is  the  case  with 
nitride  of  chromium. 

The  method  very  frequently  adopted  for  analysing  metallic  nitrides  is  to  fuse  them 
in  the  state  of  fine  p^iwder  with  hydrate  of  potaeeium  or  $t*dadime^  whereby  the 
nitrogen  is  converted  into  ammonia.  Some  nitrides,  however,  are  not  completely 
decomposed  this  treatment,  and  nitride  of  chromium  resists  it  altogether.  Whether 
the  decomposition  of  these  mtrides  would  be  assiste<l  by  addition  of  sugar,  as  in  the 
analysis  of  certain  oi^anic  nitrogen-compounds  (i.  246),  is  a point  which  does  not 
ap^ar  to  have  been  ascertained  by  experiment. 

The  quantity  of  metal  in  the  more  refractory  metallic  nitrides  may  be  determined  by 
fusing  the  compound  with  a mixture  of  alkedine  carbonate  and  nitrate,  whereby  the 
nitrate  is  oxidised.  These  compounds  may  also  be  oxidised  by  digestion  in  a strong 
solution  of  an  alkaline  hypochUtrite^  the  nitrogen  being  at  the  same  time  given  off  as  gas. 

Lastly,  these  more  refiraclory  nitrides  may  be  analysed  by  fusion  with  eudd  sidphate 
of  potaaiium.  This  method  has  been  applied  by  Wohler  to  the  analysis  of  the  ciystaU 
of  nitrocyanide  of  titanium  found  in  iron  smelting  furnaces  (ii.  273).  The  crystalH, 
reduced  to  fine  powder,  were  dissolved  by  fusion  in  the  previously  melted  salt 
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contained  in  a gmall  retort;  theerolved  gaa^B,  consisting  of  nitrogen, carbonic  anhydride 
(from  the  cyanogen)  and  sulphurous  anhydride,  were  passed  through  a tube  containing 
lumps  of  potash,  to  absorb  the  last  two  gases ; and  the  nitrogen  was  collected  and 
measured  (see  Rose’s  Ckimie  Analytiquf,  ii.  1081). 

It  is  often  of  importance  to  detect  and  estimate  the  presence  of  very  small  quantities 
of  nitrogen  in  metals,  inasmuch  as  the  peculiar  properties  of  certain  metals  prepared 
by  particular  processes,  are  sometimes  attributed  to  the  presence  of  these  minute 
quantities  of  nitrogen.  Thus  the  difference  in  quality  of  ^*arious  kinds  of  steel  has 
been  partly  attributed,  by  Krimy  and  others,  to  the  greater  or  smaller  quantities  of 
nitrogen  contained  in  them.  On  the  other  hand,  a series  of  experiments  recently 
made  by  Messrs.  Stuart  and  Baker  (Chem.  Soc.  J,  xvii.  390),  in  which  different 
kinds  of  steel  in  a state  of  verj'  minute  dirision  were  ignited  in  hydrt^en  gas,  hare 
shown  that  when  proper  precautions  were  taken  to  prevent  access  of  nitrogen  from  the 
air  or  other  extraneous  sources,  the  quantity  of  ammonia  formed  is  almost  impercep* 
tible ; hence  they  consider  it  probable  that  the  small  quantities  of  nitrogen  found  in 
steel  by  other  observers  may  have  been  due  to  errors  of  experiment,  and  at  all  events 
that  the  existence  of  nitrogen  in  steel  cannot  be  regarded  as  proved.  Fr^my,  however, 
does  not  consider  the  method  of  ignition  in  hydrogen  as  well  adapted  for  the  precise 
determination  of  the  quantity  of  nitrogen  contained  in  steel,  but  is  of  opinion  that  the 
only  method  capable  of  yie  lding  trustworthy  results  is  the  direct  oxidation  of  the  steel 
by  combustion,  as  in  organic  analysis,  and  the  determination  of  the  nitroge.ii  by 
measurement.  (Pelonzeot  Fr^my,  Traits,  3me.  Ed.  iii.  412.) 

The  oxides  of  nitrogen  are  analysed  either  by  exploding  them  with  hydrogen 
(i.  285),  or  by  passing  them  over  red-hot  copper,  wliich  removes  the  oxygen  and  leaves 
the  nitrogen.  When  carbon  and  hydrogen  are  likewise  present,  as  in  organic  com- 
pounds, the  substance  must  be  burnt  with  oxide  of  copper,  and  the  evolved  gases  passed 
over  rod-hot  metallic  copper  (i.  242). 

The  methods  especially  adapted  for  the  analysis  of  nitrates  and  nitrites  will  be 
described  further  on  (pp.  71,  84). 

Atomic  Weighiof  JVi7ro^en.— The  weights  of  equal  volumes  of  hydrogen  and 
nitrogen  at  the  same  pressure  and  temperature  are,  according  to  Regnault's  experiments, 
as  1 : 14*06  ; hence,  on  the  assumption  that  equal  volumes  of  elementary  gases  contain 
<>qual  numbers  of  atoms,  the  atomic  weight  of  nitrogen  should  be  14*06. 

S van  berg  (Berz.  Jahresb.  xxii.  39),  by  the  analysis  of  nitrate  of  lead,  obtained  for 
nitrogen  the  number  13*95;  Penny  (Phil.  Trans,  cxxix.  13),  from  the  analysis  of 
nitrate  of  sodium,  found  N = 14  02. 

The  experiments  of  Pelouze  (Compt>  rend.  xx.  1047)  and  Marignac  (Ann.  Ch. 
Phann.  lix.  289),  on  the  quantity  of  chloride  of  ammonium  required  to  precipitate  1 pt, 
of  silver  from  its  solution  in  nitric  acid,  give — if  Ag  — 108,  and  Cl  » 36*6 — as  a mean 
result,  N 13  99;  and  if  Ag  107  98,  Cl  “ 35  46,  then  N ■■  14*01.— Marignac  has 
further  determined  the  weight  of  nitrate  of  silver  produced  by  treating  a known  weight 
of  metallic  silver  with  nitric  acid.  100  pts.  silver  gave,  as  a mean  of  five  experimenU, 
167  2 pts.  nitrate:  hence  (for  Ag  = 108)  N «■  14.  Stas  (Ann.  Ch.  Pharm.  SuppL 
i,  62)by  the  same  method  found  N ™ 14  041. — Lastly,  Marignac  finds  that  100  pts. 
chloride  of  potassium  require  for  complete  decomposition,  on  the  average,  227*9  pts. 
nitrate  of  silver  (ma.\.  228*09 ; min.  =»  227*81),  whence  if  Ag  » 107*98,  Cl  * 35*46 
and  K « 39*11,  we  find  N =»  14*03. 

These  several  results  differ  about  equally  in  excess  and  defect  from  the  whole  num- 
ber 14,  which  is  ac-cordingly  received  os  the  true  atomic  weight  of  nitrogen. 

irZTKOOlUr,  Z0BX1>B  or.  See  loDAMiDES  (tii.  280). 

WZTROOEK,  OXZBBS  iklTO  OXTOEir-ACZBS  OF.  Nitrogen  forms  a 
very  complete  series  of  oxides,  as  represented  in  the  following  table  : 


Protoxide  or  Nitrous  oxide  . 
Dioxide  or  Nitric  oxide 
Trioxide  or  Nitrous  anhydride 
Tetroxide  or  Nitric  peroxide 
Pentoxide  or  Nitric  anhydride 


N’O 

N*0*  or  NO 
N*0» 

N*0<  or  NO* 
N*0*. 


All  these  compounds  may  be  produced  directly  or  indirectly  from  nitric  acid  and  re- 
converted into  it.  The  three  higher  oxides  are  decompose  by  water,  yielding  the 
corresponding  acids ; thus : 

N=0*  + H*0  » 2HNO* 

Nitrous  acid. 

N*0*  + ITO  = HNO*  + HNO* 

Nitrous  acid.  Nitric  acid. 

N’O'  ^ H*0  * 211NO* 

Nitric  acid. 
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Pbotoxios  of  Nithookn  or  NiTHoua  Oxidb.  N*0. 

This  compound,  which  is  gaseous  at  ordinary  temperatures,  was  discorered  by 
Priestley  in  1776,  and  minutely  examined  by  Davy  in  1800,  who  first  noticed  the 
lirely  stimulating  efifects  produced  by  iU  inhalation,  whence  its  popular  name  of 
iM^king  gas, 

Fvrwation  and  Prtparation. — 1.  By  gently  heating  nitrate  of  ammonium  in  a flask 
or  retort  to  a temperature  not  exceeding  250®.  The  salt  puts  on  the  appearance  of 
ebullition,  and  is  entirely  resolved  into  water  and  nitrous  oxide : 

(NH*)NO»  - N>0  + 2H»0. 

The  gas  may  be  collected  orer  brine,  warm  water,  or  mercury.  If  the  temperature  of 
the  fused  is  allowed  to  rise  too  high,  a more  complex  decomposition  ensues, 
attended  with  the  evolution  of  white  fumes  of  nitrate  and  nitrite  of  ammonium,  and  of 
nitrogen,  nitric  oxide  and  ammoniacal  gases.  Moreover  this  decomposition  is  some- 
times attended  with  explosion.  If  the  gas  is  to  be  used  for  inhalation,  great  care  must 
be  taken  to  ensure  that  the  nitrate  of  ammonium  used  is  free  from  sal-ammoniac, 
otherwise  the  product  will  be  contaminated  with  chlorine. 

2.  When  granulated  sine  is  acted  upon  by  nitric  acid  diluted  with  eight  or  ten 
times  its  volume  of  water,  very  pure  nitrous  oxide  gas  is  slowly  evolved : 

lOHNO*  + Zn*  = 8ZnNO«  + 6H*0  N*0. 

3.  Nitrous  oxide  may  also  be  obtained  by  decomposing  nitric  add  or  a nitrate  with 
a solution  of  stannous  chloride  in  hydrochloric  acid;  by  acting  upon  sal-ammoniac 
with  nitric  acid  of  specific  gravity  1*2  ; by  slowly  passing  nitric  oxide  gas  through  a 
solution  of  sulphurous  add  or  an  acid  sulphite ; by  decomposing  nitiosulphate  of  am- 
monium ; and  by  many  other  reactions ; but  when  requix^  in  quantity,  it  is  always 
prepared  from  nitrate  of  ammonium. 

Properties. — Nitrous  oxide  is  at  ordinary  temperatures  a colourless,  feebly  refrangi- 
ble gas,  of  specific  gravity  1*496  ^ x 0*0693^ . It  has  a fkint  agreeable 

odour  and  sweetish  taste.  When  respired  for  four  or  five  minutes,  it  produces  a lively 
intoxication,  often  attended  with  a disposition  to  muscular  exertion  asid  violent 
laughter.  Animals  immersed  in  it  become  restless  and  die  after  some  time.  It  is 
somewhat  soluble  in  water^  100  pta  of  which  absorb  130  volumes  of  the  gas  at  0®, 
78  voL  at  15®,  and  61  voL  at  24®.  (See  Gases,  Absorption  of,  ii.  796.)  It  also 
dissolves  in  tther  and  in  the  fixed  and  volatile  oUs.  Neither  the  gas  nor  any  of  its 
solutions  has  any  action  upon  vegetable  colours. 

Nitrous  oxide  may  be  r^uced  to  the  liquid  and  to  the  solid  state.  The  liquid  is 
obtained  bv  heating  perfectly  dry  nitrate  of  ammonium  at  the  end  of  a bent  glass  tube 
hcrmeticaUy  sealed,  till  the  whole  has  distilled  over  to  the  cold  end;  then  this  end 
is  heated,  and  so  on  two  or  three  times  till  the  greater  part  of  the  salt  is  decomposed. 
In  the  cooler  end,  two  strata  of  liquid  condense,  the  lower  of  which  is  water  containing 
nitrous  acid  and  nitrous  oxide  in  solution,  the  upper  liquid  nitrous  oxide.  The 
apparatus  is  very  liable  to  burst  with  extreme  violence,  so  that  the  greatest  caution  is 
required  in  using  it  (Faraday).  The  liquid  compound  ma^  also  be  obtained  by 
mechanical  compression  of  the  gas.  (Natterer,  Pogg.  Ann.  xii.  132.) 

Liquid  nitrous  oxide  is  colourless  and  very  mobile.  Its  specific  gravity  at  7®,  and 
under  a pressure  of  50  atmospheres,  was  found  to  be  0*908.  It  boils  at  about  — 88®. 
A single  drop  of  it  placed  upon  the  hand  produces  a wound  like  a bum.  Metals  dipped 
into  it  make  a hissing  noise,  like  that  produced  by  quenching  red-hot  iron  in  water. 
Potassium,  charcoal,  sulphur,  phospbonis,  and  iodine  float  on  ita  surface  without 
altemtiuD.  Ignited  charcoal  bums  on  its  surface  with  a vivid  light.  It  is  miscible  with 
ether  and  alcohoL  Sulphuric  and  nitric  acid  are  immediafelv  frozen  by  it  Water 
also  freezes,  but  at  the  same  time  causes  the  liquid  nitrous  oxide  to  evaporate  with  a 
degree  of  rapidity  almost  amounting  to  explosion.  According  to  Faraday,  nitrous  oxide 
is  the  least  refra^ive  of  all  liquids. 

By  exposing  liquid  nitrous  oxide  to  the  cold  produced  b^  a bath  of  solid  carbonic 
anhydride  and  ether  (—  100®  C.  or  — 160®  F,),  the  compound  is  reduced  to  the  solid  state. 
Again,  when  liquid  nitrous  oxide  is  allowed  to  escAM  into  the  air,  by  opening  the  stop- 
cock of  the  vessel  in  which  it  has  been  condensed,  the  first  portion  which  escapes  u 
reduced  to  the  solid  state.  Solid  nitrons  oxide  is  a white  snowy  mass  which,  when 
placed  upon  the  hand,  melts,  evaporates  suddenly,  and  produces  a blister  like  a bum. 
Mixed  in  vacuo  with  sulphide  of  carbon,  it  depresses  the  thermometer  to  —140°  C.  or 
— 240°  F.  (Natterer.) 

Decompositions.^ i.  Nitrous  oxide  gas  is  resolved  into  its  elements  by  a series  of 
electric  sparks,  or  by  transmission  through  a red-hot  tube,  2 rol.  of  the  gas  yielding 
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1 Tol.  oxygen  and  2 toI.  nitrogen.  A coil  of  iron  rendered  incandescent  by  the  electric 
current  al^  decomposes  it,  with  formation  of  ferric  oxide,  and  liberation  of  a volume  of 
nitrogen  equal  to  that  of  the  original  gas.  A similar  effect  is  produced  by  the  electric 
arc  issuing  from  an  iron  point.  An  incandeBcent  pLitinura  cou  produces  a more  com- 
plex decomposition,  attended  with  formation  of  red  vapours.  (Buff  and  Hofmann, 
Chem.  5?oc.  J.  x.  279.) 

2.  Nitrous  oxide  forms  explosive  mixtures  with  many  inflammable  gases.  When 
exploded  with  its  own  volume  of  hydrogen,  it  yields  water  and  a volume  of  nitrogen 
equal  to  that  of  the  original  gas. 

N*0  + H*  - H»0  + N* 

( 9 TOl.  9 TOl.  9 Tol. 

3.  Nitrous  oxide  acts,  like  oxy^n,  as  a supporter  of  combustion,  but  is  distingnlshed 
from  that  gas  by  not  forming  red  vapours  when  mixed  with  nitric  oxide.  A br^ht- 
glowing  match  introduced  into  nitrons  oxide,  bursts  into  flame  and  bums  with  a 
brilliancy  almost  equal  to  that  which  it  exhibits  in  oxygen.  Ignited  carbon  and  its 
compounds  inflame  very  readily  in  nitrous  oxide  gas ; but  other  combustibles, 
pho8pfu>rus  and  sulphur  for  example,  require  to  be  very  strongly  heated  in  order  to 
burn ; tho  combustion,  however,  when  once  established,  takes  place  with  great 
brilliancy.  Sodium  heated  in  nitrous  oxide  takes  fire  and  leaves  a volume  of  uitn^en 
equal  to  that  of  the  original  gas.  Iron,  einc,  and  other  metals,  in  a state  of  ignition, 
also  continue  to  bum  in  nitrous  oxide. 


Dioxide  of  Nitiioobn  or  Nitric  Oxide,  NO  or  N*0*. 

Synonymes.  Binoxide  of  Nitrogen.  Deutoxide  of  Nitrogen.  Nitro*yl.  Aeoiyl. 
Nitrous  gas.  Nitrous  air.  Salpittrrgas.  Gas  nitrosum. — This  gas,  which  was  first 
investigated  if  not  discovered  b^'  Priestley,  may  be  prepared; 

1.  By  acting  on  copper  clippings  or  borings  witli  nitric  acid  of  specific  gravity  1*2, 
ma<lo  by  diluting  the  strong  acid  with  about  twice  its  bulk  of  water.  Nitrate  of  copper 
18  then  formed,  and  nitric  oxide  evolved : 

4HN0*  Cu»  - 3CuN0*  + 2H»0  + NO. 

The  reaction,  if  it  does  not  take  place  at  once,  may  be  set  up  by  the  application  of  a gentle 
heat ; but  the  lower  the  temperature  the  purer  is  the  resulting  gas.  When  strong  nitric 
acid  is  used,  or  the  temperature  rises  high,  the  nitric  acid  is  contaminated  with  free 
nitrogen.  Other  metals,  lead,  mercury,  silver,  and  bismuth,  for  example,  may  be  sub- 
stitutnl  for  copper  in  the  above  reaction,  but  with  them  a strong  acid  or  a higher 
temperature  is  required. 

2.  By  decomposing  nitrate  of  potassium  or  sodium  with  a solution  of  ferrous 
chloride  in  hydrochloric  add,  or  of  ferrous  sulphate  in  dilute  sulphuric  acid : 

fiFc’SO*  + 6H*SO*  + 2KNO»  - 3FeVSO*)*  + 2HKSO*  + 4H’'0  + 2NO. 
This  process  yields  the  gas  abundantly  and  in  a pure  state. 

3.  Nitric  oxide,  more  or  less  pure,  is  produced  by  many  other  reductions  of  nitrons 
or  nitric  acid ; also  by  the  oxidation  of  ammonia,  as  when  that  gas  is  passed  over  heated 
oxide  of  manganese. 

Properties  and  Reactions. — Nitric  oxide  is  a colourless  uncondensable  gas  of  specific 
gravity  1 0393  x 0*0693^  It  is  veiy  sparingly  soluble  in  tcaUr. 

According  to  Heniy,  1 vol.  water  at  mean  temperature  absorbs  ^ of  its  volume  of  the 
gas.  According  to  Bunsen,  100  vol.  alcohol  at  16®  absorb  27  4 vol  of  the  gas. 

Nitric  oxide  combines  directly  with  free  oxygen,  producing  deep  orange-coloured 
fumes  of  variable  composition,  but  con.sisting  in  great  part  of  nitric  peroxide.  These 
red  vapours  dissolve  in  water,  forming  an  acid  solution,  but  nitric  oxide  itself  is 
p<’rfeclly  neutral  to  vegetable  colours.  From  the  characteristic  nature  of  this  reaction, 
nitric  oxide  may  be  advantageously  employed  to  detect  the  pre.«ence  of  fn*e  oxygen  in 
a gaseous  mixture.  It  is  necessary  to  observe,  however,  that  chlorine,  in  presence  of 
water,  produces  the  same  effect  with  nitric  oxide,  inasmuch  as  it  decomposes  the 
water  and  tuts  oxygen  free.  This  reaction  was  in  fact  one  of  those  which  were 
formerly  adduced  in  favour  of  the  theory  which  regarded  chlorine  as  a compound  gas 
containing  oxygen.  Nitric  oxide  was  formerly  used,  especially  by  Priestley  and 
Cavendish,  to  estimate  the  proportion  of  oxygen  in  tho  air  or  other  gaseous  mixture,  but 
the  method  is  not  capable  of  yielding  exact  results,  on  account  of  the  difficulty  of 
obtaining  nitric  oxide  pc-rfectly  pure,  and  it  has  long  since  been  superseded  by  more 
trustworthy  methods.  In  consequence  of  the  rapid  conversion  of  nitric  oxide  into  acid 
products  when  it  comes  in  contact  with  the  air,  its  actual  taste,  smell,  and  respirability 
liare  not  been  ascertained. 


Digitized  by  Googic 


NITROUS  ANHYDRIDE. 


69 


Nitric  oxide  is  absorbed  freelj  by  nitric  acid,  with  probable  conTersion  into  nitric 
peroxide,  and  formation  of  a deep  brown,  green,  or  blue  liquid,  according  to  the  con- 
centration of  the  acid.  It  is  likewise  absorbed  by  frrrou*  ioiU,  producing  a de<p 
brown,  almost  black  coloration.  The  brown  liquid  thus  formed  contains  2 atoms  of 
iron  (at.  w,  = 66)  to  each  molecule  of  nitric  oxide,  the  formula  of  the  compound  being 
2Kfe'*SO*.NO.  It  gires  up  nearly  the  whole  of  the  absorbed  gas  when  heated,  but 
becomes  rapidly  oxidised  on  exposure  to  the  air.  This  compound  is  also  formed  when 
nitric  or  nitrous  acid  U added  to  the  solution  of  a ferrous  salt,  and  affords  one  of  the 
most  delicate  tests  for  those  acids  (pp.  71,  82).  Nitric  oxide  forms  precisely  similar 
compounds  with  cMromotu  salts;  it  is  likewise  ab.«orbed  by  stannous  and  mercurous 
salt*,  and  forms  crystalline  compounds  with  stannic  chloride,  and  with  sulphuric 
acid  or  anhydride. 

Dec%>mpr>sitii*ns. — 1.  Nitric  oxide  is  a very  stable  compound,  and  if  j>erfectly  dry,  is 
not  decomposed  by  a red  heat,  or  by  ordinary  electric  sparks.  Buff*  and  Hofmann 
found,  howerer,  that  it  was  slowly  decomposed  by  the  spark  cummt  of  the  induction 
coil.  Moist  nitric  oxide  is  more  easily  decompost^  by  a succession  of  electric  sparks 
into  nitrogen  and  nitric  acid. — 2.  By  moist  iron  filings,  sine  filinas,  soluble  sulpnides, 
acid  sulphites,  stannous  chloride,  and  other  reducing  agents,  it  is  slowly  conrert<Kl  into 
nitrous  oxide,  frequently  accompanied  by  ammonia. — 3.  Nitric  oxide  is  completely  con- 
verted into  ammonia  when  mixed  with  excess  ot  sulphydric  acid,  and  transmitted  over 
quicklime.— 4.  A mixture  of  moist  iron  filings  and  sulphur  also  ri'duces  nitric  oxide 
very  completely,  but  chiefly  to  free  nitrogen.— 5.  Ordinary  combustibles  do  not  bum 
in  nitric  oxide,  but  phosphorus  and  carbon,  when  introduced  in  full  combustion,  burn  in 
the  gas  with  great  brilliancy. — 6.  With  an  equal  volume  of  kydrog(n,  it  forms  a mixture 
which  does  not  explode  on  the  approach  of  a burning  lx>dy,  but  burns  quietly  with  a 
greenish  flame. — 7.  Four  volumes  of  nitric  oxide  passed  over  red-hot  charcoal  are  con- 
verted into  2 voL  nitrogen  and  2 vob  carbonic  anhydride : N*0^  + C = N^  + CO*  — 
8.  Sulphur  does  not  bum  in  nitric  oxide,  but  a mixture  of  the  vapour  of  sulphide  of 
carbon  and  nitric  oxide  gas  inflames  readily,  producing  a bright  gn*enish  flash  of 
light. — 9.  Red-hot  iron  decomposes  nitric  oxide,  with  liberation  of  half  its  volume  of 
nitrogen.  With  a coil  of  iron  wire  rendered  incandescent  by  the  electric  current,  tlie 
d<<compositiun  is  easily  and  completely  eflTccted  (Buff  and  Hofmann).  Potassium 
and  sodium  effect  similar  decompositions  when  heated  sufficiently  to  bum  in  the 


gas. 

Nitric  oxide  enters  into  several  compounds  as  a monatomic  radicle  (nitrosyl),  replac- 


ing hydrogen  atom  for  atom,  as  in  the  nitrites,  the  general  formula  of  which  is 
|o.  It  has  for  the  most  part  a chlorous  rather  than  a basylous  character, 


nevertheless  it  is  sometimes  capable  of  replacing  basjlous  hydrogen,  as  in  chloride  of 
nitrosyl,  NOCl,  and  sulphate  of  nitrosyl,  H(NO)SO*.  In  nitrous  ether,  (^H*(N0)O,  the 
nitrosyl  may  also  be  reganh'd  as  occupying  the  place  of  the  basylous  hydre^en-atom  of 
alcohol,  C7*H*.H.O.  According  to  W'eltzien,  nitric  oxide  is  sometimes  diequivalent  or 


capable  of  displacing  two  atoms  of  hydrogen,  a view  which  is  in  accordance  with  the 
fact  that  it  forms  a dichloride,  NOCl*,  as  well  as  a protochloride.  (See  Nitrosyl.) 


NiTBOUS  AjfHTDRIDE,  AciD,  AKD  SXLTS. 

xntroiu  anhydride  or  Trloxlde  of  nitrogen  « N*0* — Vltreiui  acid  » 

H*0.N*0*  or  HNO*.  Nitrous  anhydride  is  formed,  together  with  nitric  peroxide,  when 
nitric  oxide  comes  in  contact  with  oxygen  in  atmospheric  air.  It  may  be  obtained  pure 
by  mixing  2 vol.  nitric  oxide  with  1 vol.  of  oxygen  in  a vessel  surrounded  by  a fn‘czing 
mixture  capable  of  producing  an  intense  degree  of  cold.  A blue  liquid  is  then  formed 
which  emits  red  fumes,  and  is  decomposed  by  water,  yielding  nitric  acid  and  nitric  oxide : 
3N*0*  + 2H*0  = 2HNO*  + 4NO  + H»0. 

The  same  liquid  is  more  easily  obtained  by  heating  1 pt.  of  starch  with  8 pts.  of  nitric 
acid  of  specific  gravity  1*26,  and  passing  the  evolved  gases,  first  through  a diying 
tube  two  feet  long  containing  fused  chloride  of  calcium,  and  then  into  an  empty  tube 
cooled  to  —20®  F.  ( — 93*6®  C.)by  immersion  in  a mixture  of  pounded  ice  and  crystal- 
lised chloride  of  calcium. 

Nitrous  anhydride  (or  perhaps  the  acid)  mav  also  be  prepared  by  adding  a small 
quantity  of  ice-cold  water  to  liquid  nitric  peroxide  surrounded  by  a fn^ezing  mixture. 
After  tKe  n'action  of  the  two  has  taken  place,  distillation  may  bo  effected  at  a low 
temperature,  and  the  product  condensed  in  a U-tube  immersed  in  salt  and  ice. 

At  0®  and  at  lower  temperatures,  nitrous  anhydride  combines  readily  with  water, 
forming  a blue  solution  ; but  at  higher  temperatures  the  mixture  is  di'composed,  nitric 
oxide  being  given  off|  and  nitric  acid  remaining  in  solution.  The  same  dteompobitiou 


70 


NITROGEN : OXIDES  AND  OXYGEN-ACIDS. 


takc«  place  when  nitroua  acid  la  set  free  by  the  action  of  aulphuric  acid  on  a nitrite. 
Ice-cold  acidified  solutions  of  nitrites  however,  that  of  potassium-nitrite  with  sulphuric 
acid,  for  instance,  seem  to  contain  undecomposed  nitrons  acid.  Nitrons  acid  (or 
perhaps  only  the  moist  anhydride)  is  likewise  obtained  by  the  action  of  nitric  acid  at  a 
gentle  beat  on  arsenious  anhydride : 

As*0*  + 3H*0  + 2HNO*  - 2H*AsO*  + 2HNO*  (or  H=O.NK)*). 

Beep-brown  vapours  are  then  given  off,  which  when  passed  over  chloride  of  calcium, 
give  up  their  water  and  leave  nitrous  anhydride.  Similar  vapours  are  given  oflf  when 
starch  is  treated  with  a large  excess  of  nitric  acid,  of  specific  gravity  1*26 ; but  the 
process  is  attended  with  considerable  frothing,  and  occasionally,  when  a stronger  acid 
IS  used,  with  explosion. 

Nitrous  acid  acts  very  roadilv  both  as  an  oxidising  and  as  a reducing  agent  Thus 
it  reduces  permanganic  and  chromic  acids  to  the  state  of  mannnous  and  chromic 
salts,  and  mercurous  and  auric  salts  even  to  the  metallic  state.  On  the  other  band,  it 
bleaches  indigo  by  oxidation,  liberates  iodine  from  iodide  of  potassium,  and  converts 
ferrous  into  ferric  salts,  with  production  of  nitric  oxide. 

Nitrous  add  decomposes  urea,  with  evolution  of  carbonic  anhydride  and  nitrogen 
gases: 

CH'N*0  + 2HNO*  « CO*  -f  N*  + 2H*0. 


When  nitrous  acid  or  the  anhydride  acts  upon  a hydrate,  either  acid,  neutral  or  basy- 
lous,  it  frequently  gives  rise  to  the  formation  of  nit  roso-com  pounds,  in  which  an  atom 
of  hydit^en  is  displaci*d  by  an  atom  of  nitrosyl,  NO : thus  with  alcohol,  C*HMI.O,  it 
forms  nitrous  ether,  C^H*.NO.O.  Its  reactions  withamid<4  and  amines  are  particularly 
remarkable,  and  differ  according  as  the  amide  or  amino  is  present  in  aqueous  or  in 
alcoholic  solution : 

a.  An  aqueous  solution  of  an  amine  or  amide  treated  with  nitrous  acid  or  anhydride, 
yields  the  corresponding  acid  or  alcohol,  with  evolution  of  nitrogen : thus 


C’H‘O.H».N  -I-  HNO* 

B«nt4fntde. 


C»H*O.H.O  + H*0  + N* 

Bensoic  sdd. 


+ HNO*  « C*H».H.O  -t-  H*0  -»•  N* 

PhenyUmlne.  Pheoylic  alcohol. 


With  larger  proportion  of  nitrous  acid,  amines  yield  the  corresponding  nitrous  ethers; 
thus 

C*H».H*.N  + 2HN0*  « C»H‘NO*  + 2H’0  + N*. 

EthjInniiM.  Sitrite  of  ethyl. 

h.  When  nitrous  acid  or  anhydride  is  passed  into  an  alcoholic  solution  of  an  amine 
or  amide,  a different  or  intermediate  reaction  takes  place,  attended  with  the  formation 
of  compounds  in  which  1 at.  nitrogen  displaces  3 at.  hydrc^en.  Thus  the  double 
molecule  of  phenylamine  reacts  with  nitrous  acid  or  anhydride  according  to  the  following 
equation ; 

C»*H’«N*  + HNO*  « C‘*H"N*  + 2H*0. 


In  like  manner,  a double  molecule  of  oxybenzamic  acid,  C’H^NO*,  treated  with 
nitrons  acid,  yields  an  acid  having  the  composition  C‘*H"N*0‘; 


C"H'*N*0*  + HNO*  - C‘*H"N*0*  + 2H*0; 
and  similarly  for  other  cases.  (See  pHxinn.AViKss,  Oxt-akisaxic,  Oxt-bsxxaxic, 
OxT'CrXBNAMlC  BJld  OXYTOLVIXAMIC  AciDS.) 

Tnoxide  of  nitrogen  unites  with  the  tetrachlorides  of  tin  and  titanium,  forming  solid 
compounds  which  are  obtained  by  passing  the  yspour  of  nitric  peroxide  into  those 
chlorides.  The  stannic  compound  has  the  composition  SnClVN’O*.  (R.  Weber,  Pogg. 
Ann.  cxriii.  471 ; Jahresb.  1863,  p.  165.) 

sntritaa.  The  normal  nitrites  hayo  the  composition  MNO*  btjJ'q  I O or  M"N*0* 
= (NO)*!^*’  metal  contained  in  them  is  mono-  or  di-atomic.  There 

are  alao  nitritea  containing  M*NO*  = ^ | O’ or  in  which  the 

three  atoms  of  metal  denoted  by  the  symbol  M may  consist  of  the  same  or  of  different 
metals,  including  hydre^n  : thus  there  are  basic  nitrites  of  lead  containing  Pp''b*N*0* 
and  Ppb"HNO*.  There  are  also  a few  nitrites  containing  a still  larger  proportion 
of  base,  which  may  be  regarded  as  compounds  of  tri-metaUic  nitrites  with  oxides  or 
hydrates. 

Nitrites  are  produced;  I.  By  the  reduction  of  nitraUc. — When  nitrate  of  potassimn 
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or  sodium  is  strongly  boated,  oxygen  is  given  off,  and  a mixture  of  nitrate,  nitrite,  and 
free  alkali  is  left ; similarly  with  the  nitrates  of  barium,  strontium  and  others.  On 
dissolving  the  fused  mass  thus  obtained  in  water,  and  adding  nitrate  of  silver,  a pre- 
cipitate of  the  sparingly  soluble  nitrite  of  silver  is  obtained,  which  may  be  purified  by 
solution  in  water  and  crystallisation  ; and  from  this  salt  the  other  nitrites  may  be 
formed  by  double  decomposition  with  the  chlorides  of  the  several  metals.  Nitrate  of 
of  lead  Imiledwith  metallic  lead,  yields  a basic  nitrite  of  lead,  thus: 


Pph"  } 
(NOVJ 


0>  + Ppb* 


0^. 


2.  By  (UeomposUion  of  nitric  peroxide  in  presence  of  an  alkaline  hast : 


N»0*  + H’O  - HNO»  4 HNO*. 


Wlion  the  red  vapours,  chiefly  consisting  of  pernitric  oxide,  evolved  by  distilling 
fuming  nitric  acid,  are  passed  into  a solution  of  caustic  potash  or  soda,  a mixture  of 
nitrate  and  nitrite  is  obtained,  from  which  the  nitrous  acid  maybe  precipitated  in  the 
form  of  a silver-salt,  as  above.  The  same  reaction  takes  place  when  the  vapours 
evolved  on  heating  starch  or  arsenious  acid  with  dilute  nitric  acid  are  passed  into  solu- 
tion of  caustic  alkali ; in  this  case,  however,  the  vapours  contain  a considerable  quantity 
of  nitrous  acid  or  anhydride,  so  that  a larger  proportion  of  nitrite  is  obtained. 

3.  By  oxidation  of  the  lower  oxides  of  nitroaen  in  presence  of  bases. — Nitrite  of 
potassium  is  formed  when  oxygen  gas  is  gradually  added  to  nitric  oxide  standing  over 
caustic  potash  solution,  or  when  a mixture  of  1 vol.  oxygen  and  4 vol  nitric  oxide  is 
passed  through  the  same  liquid.  Nitrites  are  also  produced  by  passing  nitric  oxide 
over  metallic  peroxides. 

4.  By  oxidation  of  Ammonia, — Platinum-black  quickly  converts  a mixture  of 
ammonia  and  atmospheric  air  into  nitrite  of  ammonium.  A coil  of  heated  platinum- 
wire  introduced  into  a flask  of  air  to  which  a few  drops  of  strong  ammonia  have  been 
added,  also  produces  an  instantaneous  cloud  of  nitrite  of  ammonium.  Again,  when 
finely  divid^  copper  is  shaken  up  with  moist  amraoniacal  air,  both  the  copper  and  the 
ammonia  are  rapjaly  oxidised  and  nitrite  of  copper  is  formed.  Nitrites  are  frequently 
found  in  the  well-water  of  towns,  the  nitrous  acid  being  probably  formed  in  this  caso 
also  by  oxidation  of  ammonia. 

Itfoctions  of  Nitrites. — Nitrites  are  colourless  or  slightly  yellow,  and  for  the  most 
|)art  crystallisable.  The  solutions  of  the  potassium-  and  sodium-salts  have  on  alkaline 
reaction  (H.  Rose!  Nitrites  melt  when  moderately  heated  and  solidify  unchanged 
on  cooling;  but  wnen  strongly  heated  they  are  decomposed,  giving  off  nitrogen  and 
oxygen  gasee.  They  detonate  sharply  when  heated  with  combustible  bodies.  The 
normal  nitrites  (MNO’)  are  all  soluble  in  water,  the  lead-  and  silver-salts  however  are 
sparingly  soluble,  so  that  the  solutions  of  the  more  soluble  nitrites  give  precipitates 
with  lead-  and  silver-.salts.  Heated  solutions  of  nitrites  exposed  to  the  air,  absorb 
oxygen  and  are  converted  into  nitrates.  When  boiled  for  a long  time  in  a flask  or 
retort,  they  arc  decomposed,  yielding  a nitrate,  nitric  oxide  and  free  alkali : e.g.^ 

3KN0*  + H*0  = KNO*  + 2KH0  + 2N0. 


Nitrites  act  readily  both  as  reducing  and  os  oxidising  agents.  Acidulated  solu- 
tions of  nitrites  decolorise  permanganate  of  potassium,  and  gradually  change  the 
colour  of  acid  chromate  of  potassium  to  a greenish-blue;  they  also  reduce  tri- 
chloride of  gold  and  mercurous  salts,  giving  with  the  former  a brown  precipitate  of 
metallic  gold,  and  with  the  latter  a grey  precipitate  of  metallic  mercury.  These 
reducing  actions  distinguish  nitrites  from  nitrates. 

Id  their  oxidising  action,  nitrites  resemble  nitrates,  excepting  that  they  act  more 
readily,  and  in  many  cases  without  the  presence  of  a free  acid.  Thus  they  give  a 
dark-brown  colour  with  ferrous  salts  without  the  addition  of  acid,  whereas  nitrates 
exhibit  this  effect  only  when  the  nitric  acid  is  set  free  by  addition  of  sulphuric  acid. 
Acidulated  solutions  of  nitrites  produce  at  once  a purple  colour  with  starch  and  iodide 
of  potassium,  whereas  pure  nitrates  do  not  exhibit  this  effect  until  the  nitric  acid  is  set 
free  and  partially  reduced  to  nitrous  acid  (p.  85).  Nitrites  in  solution  are  further 
distinguished  from  nitrates  by  their  behaviour  with  certain  metallic  salts,  giving  white 
precipitates  with  lead-  and  silver-salts,  and  a yellow  precipitate,  which  forms  slowly,  with 
cofxilt-salts  (i.  1045).  With  aqueous  sulphate  of  copper,  they  produce  nitrite  of  copper 
which  forms  a very  characteristic  apple-green  solution. 

Estimation  of  Nitrous  add. — Nitrous  acid  is  most  correctly  determined  by  oxidation 
with  peroxide  of  lead,  whereby  nitrate  and  hydrate  of  lead  are  produced,  according  to 
the  equation : 

2PpbO=  + 2HN0*  - PpbN»0*  + PpbU’O^ 
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A known  quantity  of  the  dried  peroxide  is  added  to  a dilute  solution  (1  pjm.  salt  ra 
100  c.  c.  water)  of  the  nitrite  to  l>e  analysed,  and  the  solution  mixed  with  acetic  acid 
diluted  with  10  or  12  times  its  bulk  of  water  is  warmed  for  12  hours  to  30®  or  40®. 
The  weight  of  the  washed  and  dried  residue  gives  the  quantity  of  peroxide  dissolved, 
whence  the  quantity  of  nitrous  acid  may  bo  calculated,  1 at.  peroxide  corresponding  to 
1 at.  nitrous  acid.  (P^ligot.  Lang,  Jahresb.  1862,  p.  581.) 

Nitrous  acid  may  bo  determined  volumetrically  by  means  of  a standard  solution  of 
nitrate  of  urea,  each  molecule  of  that  salt,  CH*N*O.HNO*,  decomposing  2 molecuh^s  of 
nitrous  acid,  according  to  the  equation  given  on  page  70.  The  solution  of  nitrate  of 
urea  is  heated  nearly  to  boiling,  and  tne  liquid  containing  the  nitrous  acid  or  the 
acidulated  solution  of  a nitrite  is  added  drop  by  drop,  till  the  solution  produces  a blue 
colour  with  starch*paste  mixed  with  iodide  of  potassium. 

Nitrites  may  also  be  analys^Hl  by  several  of  the  methods  to  be  hereafter  described 
for  the  analysis  of  nitrates,  viz.  by  igniting  the  salt  with  oxide  of  copper  or  chromate 
of  lead  in  a tube  the  fore  part  of  which  is  filled  with  metallic  copper,  or  by  the  volu- 
metric method  with  ferrous  chloride,  the  decomposition  taking  place  as  represented  by 
the  equation : 

FfeCl*  + HNO»  + nCl  * = FfeCl*  + NO  + 11*0. 

Or  the  acid  may  be  determined  by  loss,  either  by  simple  ignition  of  the  salt,  or  by 
decomposing  it  with  sulphuric  acia,  sal-ammoniac,  borax,  or  silic^  &c. 

The  amount  of  water  in  nitrites  is  best  determined  by  combustion  with  chromate  of 
lead  or  oxide  of  copper,  and  absorption  of  the  water  by  chloride  of  calcium. 

Afetal/tc  A'lf  rifes, 

Nitbite  of  Ammoxihm.  (NH*)N0*H*0. — Obtained  by  double  decomposition 
of  nitrite  of  lead  and  sulphate  of  ammonium,  or  of  nitrite  of  silver  with  chloride  of 
ammonium;  also  by  passing  nitrous  vapours  into  aqueous  ammonia  and  evaporating 
over  lime.  It  forms  an  imperfectly  ciystallised  mass  which  is  resolvtxl  by  heal  into 
nitrogen  and  water.  Its  aqueous  solution  is  similarly  di'composed,  suddenly  if  acid, 
slowly  if  alkaline. 

Nitrite  of  Harium.  Bba"N*0*.H*0. — Obtained  by  igniting  nitrate  of  barium  at 
a moderate  heat,  precipitating  tlie  ^e  ban’ta  from  the  solution  of  the  residue  by  cat- 
bonie  acid,  mixing  the  filtrate  with  alcohol  to  precipitate  the  remaining  nitrate,  and 
evaporating  to  the  crystallising  point  (Fischer).  Or  by  passing  nitrous  vapours  into 
baiyta-water,  evaporating  to  dryness,  digesting  the  residue  in  a small  quantity  of  water, 
which  will  dissolve  the  nitrite  of  barium  and  leave  the  undecomposed  nitrate,  and 
evaporating.  It  is  permam  ut  in  the  air,  easily  soluble  in  water  and  in  alcohol,  nnd 
crystallises  according  to  Fischer,  either  in  needle-shaped  hexagonal  prisms,  or  in  thick 
rhombic  prisms  of  71^®. 

Nitrite  OF  Caumivii,  Ccd'Tv*0MT*0,  is  a sparingly  soluble  laminar  mass  which 
decomposes  at  100®  (Lang,  J.  pr.  Cbem.  Ixxxvi.  295;  Jahn*sb.  1862,  p.  99).— 
According  to  Hampe  (Ann.  Ch.  Pliarm.  exxv.  334  ; Jahreeb.  1863,  p.  160),  the  solu- 
tion evaporated  in  a vacuum  leaves  a viscid,  deliquescent  mass  which  when  treated 
with  water  yields  the  basic  salt  2Ccd"O.N^O*  or  Ccd"O.Ccd''N*0\ 

Nitrite  of  Cai.cicm.  Cca"N*0*.H*0.— Prepared bydeoompostng  a boiling  solu- 
tion of  the  silver-salt  with  lime-water,  treating  the  filtrate  with  sulphydric  acid,  and  then 
with  carbonic  acid  to  remove  excess  of  silver  and  calcium,  and  evaporating  at  a gentle 
heat.  It  forms  deliquescent  prismatic  crystals  insoluble  in  absolute  alcohol. 

Nitrite  of  Cob  alt.— Black-brown  or  red-brown  crystals  which  dissolve  in 
water,  and  yield  a brown  precipitate  with  potash ; hence  they  contain  cobaltic  oxide 
(Lang).  The  solution  is  decomposed  by  evaporation,  with  separation  of  a basic 
suit,  (Hampe.) 

Nitrite  of  Cobalt  and  Potassium.  C^*K*N**0**  « Cco*0’.3K*0.6N*0*  ■» 

(N0)^*(^''*  Coff(Ut-i/db>w. — The  yellow  prtxiipltato  formed  on  adding  nitrite  of 

potassium  to  an  acid  solution  of  a cobalt-salt.  It  is  of  a very  fine  colour  and  is  used 
as  a pigment.  Its  formation  serves  also  as  a means  of  separating  cobalt  from  nickel 
and  many  other  metals.  For  the  details  of  its  preparation,  and  the  several  ^iews  of 
its  composition,  see  Cobalt-yellow  (l  1058). 

Nitrite  of  Copper. — Obtained  as  an  apple-green  solution  by  decomposing 
nitrite  of  lead  with  sulphate  of  copper.  It  oxidises  in  the  air  especially  if  heated,  and 
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is  conrertsd  into  nitrate.  According  to  Hampe,  the  solution  }*ields  hy  eraporation 
blue  sbining  laminte  containing  2Ccu"O.N^O*. 

NiTRiTFS  OF  Lbao.  a.  Monopluvibw  OT  Normot.  — rpb"0.N’0*. — 

Obtained  by  passing  carbonic  acid  gas  through  a hot  solution  of  tho  tetraplumbic  salt, 
till  three-fourths  of  the  lead  is  precipitated  as  carbonate.  The  resulting  yellow  solu- 
tion evaporated  in  the  air  or  in  a vacuum,  deposits  the  normal  salt  iu  long  yellow  prisms 
(P^ligot),  or  yellow  laminie  (Chevreul),  containing  1 at.  water  according  to 
NickUs  (Compt.  rend,  xxvii,  244),  2 at.  according  to  Gom^s  {ilrid.  xxxir.  187).  It 
is  easily  decomposible  and  very  soluble  in  water. 

0.  J^piumhic  or  Plumbo-hyaric  NitriU.  2Ppb"0,N*0*.H*0  * PpbHNO*. — Formed 
in  small  quantity  according  to  Bromeis  (Ann.  Ch.  Pharm.lxxii.  60),  when  the  yellow 
diplnmbic  nitroso-nitrate  {vid.  inf.)  is  boiled  for  some  time  with  metallic  lead.  It  is 
then  deposited  in  long  golden-yellow  needles. 

y.  TViplumhic.  3Ppb"O.N^O*  = Ppb*N*0*.— Deposited  when  the  orange-red 
nitroso-nitrate  is  boiled  for  some  hours  with  lead,  in  needle-shaped  crystals,  mostly 
united  in  concentric  groups  having  sometimes  a tlery-rcd,  sometimes  a green  colour, 
but  always  the  same  composition  (Bromeis,  loc.cit.).  Peligot  doubts  the  existence  of 
this  salt. 

Trirapiumbic.  4Ppb"0.N*0*.H*0  (Berzelius)  = Ppb"HNO“.Ppb"0. — Obtained 
by  boiling  a mixture  of  1 pt.  nitrate  of  lead  and  1^  pt.  or  more  lead  with  50  pts. 
water  in  a long-necked  flask  for  about  12  hours.  It  crystallises  according  to  Cherroul 
in  stellate  groups  of  pale  flesh-red  silky  needles ; the  solution,  if  quickly  cooled,  deposits 
it  in  the  form  of  a white  powder.  It  gives  oflf  its  water  at  100^  (Peligotb  together 
with  a small  portion  of  acid  (Cbeyreul);  at  a red  heat  it  gives  off  the  whole  of  its 
acid  without  fusion  (Berzelius).  Has  a strong  alkaline  reaction,  and  dissolves, 
according  to  P61igot,  in  34 '6  pts.  boiling  and  1250  pts.  cold  water. 

Sitrogo^niirates  of  Lead, — By  heating  nitrate  of  lead  with  metallic  lead  in 
certain  proportions,  salts  arc  obtained  which  are  sometimes  regarded  as  compounds  of 
lead-oxide  with  nitric  peroxide ; but  they  arc  more  probably  double  salts  composed  of 
nitrates  and  nitrates  of  lead. 

a.  2Ppb"O.NK)*.H*0  or  Ppb"HNO*.Ppb”HNO*. — A solution  of  normal  nitrate  of 
It-ad  in  16  to  20  pts,  water  heated  to  60® — 70°  for  several  hours  with  63  pts.  very 
finely  divided  lead,  deposits  this  salt  on  cooling  in  straw-yellow  shining  needles  and 
lumins  haring  an  alkaline  reaction,  soluble  in  85  pts.  of  cold  and  10*6  pts.  of  boiling 
water  (Bromeis).  By  prolonged  boiling  with  metallic  lead,  it  is  converted  into 
diplnmbic  nitrate.  (F^ligot,  Bromeis.) 

h.  7Ppb"0.2X0*.3H»0  or  Ppb'‘N'0«.PnVN»0".PpbH’0^2H*0.— Obtained  by  boil- 
ing  the  preceding  salt  with  lead,  or  a dilute  solution  of  neutral  nitrate  of  lead  with 

at.  metallic  iron.  Forms  hard,  orange-red  crystals  soluble  in  1250  pts.  of  cold  and 
34  pts.  of  boiling  water.  When  boiled  for  some  hours  w’ith  lead,  it  is  converted  into 
tfiplumbic  nitrite  (7)  (Peligot,  Bromeis).  Both  these  salts  (a,  6)  are  decomposed 
by  baryta-water,  yielding  nitrate  and  nitrite  of  barium.  (P51  igot.) 

c.  Bromeis,  in  endeavouring  to  prepare  this  salt,  once  obtained  an  orange-red  but  more 
shining  salt,  containing,  according  to  his  analysis,  3PpbO.N*0*  + 4PpbO.N^O*+  3H’0. 

d.  The  same  chemist,  by  boiling  a solution  of  nitrate  of  lead  for  several  days  with  u 

Urge  excess  of  metallic  lead,  obtained  light  brick-red  rhombic  crystals,  to  which  he 
anigned  the  formula  4PpbO.N^O*  4-  3PpbO.N*0*  + For  further  details  on 

the  nitrites  and  nitroso-nitrates  of  lead,  see  GiiuUti's  Handbook,  x.  152. 

Nithitb  of  Maoxesium.  Mmg'^^0*.3H^O  (Lang);  with  2H*0  (Hampe). 
— Laminar  deliquescent  mass,  insoluble  in  alcohol,  easily  decomposed  by  heat;  obtained 
by  boiling  a solution  of  the  silver-salt  with  magnesia,  removing  the  excess  of  silver  by 
sdphydric  acid,  and  evaporating. 

Nitaitb  of  Maxoakbsb. — Deliquescent  saline  mass. 

Mekcuric  Xitbitr,  llhg*N’0*  H’O,  separates  on  evaporating  a mixture  of  mer- 
curic chloride  and  nitrite  of  silver.  (Lang.) 

Nitbitb  of  Nickel,  Nni"N*0*,  forms  reddish-yellow  crystals  which  are  perma- 
nent in  the  air,  and  in  the  diy  state  may  be  heated  to  100°  without  decomposition, 
but  in  water  only  to  80°  (Lang).  According  to  Hampe,  the  solution  decomposes  even 
at  common  temperatures,  giving  off  nitric  oxide  and  leaving  a green  basic  salt, 
NnrO.Nni"N*0*. 

Nitbite  op  PoTASSirx.  KNO* — Produced,  as  already  described  (p.  70),  by 
beating  the  nitrate  to  redness,  or  by  passing  nitrous  vapours  into  a solution  of  caustic 
potash.  When  the  mixture  of  nitrate  and  nitrite  thus  obtained  is  dissolved  in  water, 
and  the  solution  concentrated,  nitrate  of  potassium  crystallises  out  first,  and  afterwards 
the  nitrite,  but  very  impure.  To  obtain  a pure  salt,  Fischer  mixes  the  solution,  after 
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the  nitrate  has  ciyataiLlised  oat,  with  dilute  acetic  acid  and  twice  its  volume  of  alcohol ; 
more  nitrate  then  crystallisea  out,  and  the  liquid  sepamtes  into  two  layers,  the  upper 
consulting  of  an  alcoholic  solution  of  acetate  of  potassium,  the  lower  of  a solution  of 
the  nitrite.  This  solution  evaporated  over  oil  of  vitriol  yields  the  nitrite  in  indistinct 
ci*>*staLs.  Nitrite  of  potassium  may  also  be  obtained  pure,  by  decomposing  nitrite  of 
silver  with  an  equiv^cot  quantity  of  chloride  of  potassium,  or  nitrite  of  lead  with 
carbonate  of  potassium.  Or  the  following  process  may  be  adopted : 1 pt.  of  nitrate  of 
potassium  is  fused  in  an  iron  crucible,  and  2 pts.  of  lead  are  added,  with  constant 
stirring.  The  lead  oxidises  even  at  a dull  red  heat ; the  temperature  is  then  raised  to 
complete  the  oxidation;  the  cooled  muss  is  exhausted  with  water;  the  solution  is 
treated  with  sulphide  of  ammonium  to  remove  a small  quantity  of  lead,  then  evaporate<l ; 
and  the  residue  is  heated  to  fusion,  to  decompose  any  hyposulphite  of  potassium  that 
may  have  been  formed  (A.  Stromeyor,  Ann.  Cb.  Pharm.  xcri.  330).  Nitrite  of  po- 
tassium is  also  formed  by  the  action  of  ammonia  in  excess  on  permanganate  of 
potassium.  (Cloez  and  Guignet.) 

Pure  nitrite  of  potassium  is  a white  ci^’stalline,  deliquescent,  saline  mass,  neutral  to 
vegetable  colours,  according  to  Fischer,  alkaline  according  to  H.  Kose.  When  treated 
with  any  of  the  stronger  acids,  it  gives  off  nitric  oxide  gas,  the  nitrous  acid  eliminated 
at  the  first  instant  being  immediately  resolved  into  that  compound  aud  nitric  acid: 
3HNO*  - HNO*  + H=0  + 2NO. 

Double  Balts  of  Pot  as  aium^nitrit  e, — The  harium-salt,  K*Bba"N*0*.H*0.  forms 
long  slender  needles,  permanent  in  the  air,  easily  soluble  in  water,  insoluble  in  alcohol 
i!>imilar  double  suits  are  formed  with  the  uitrites  of  sfrowfium,  calcium,  and  magmsium, 
the  first  being  permanent  in  the  air,  the  other  two  deliquescent  (Lang). — Cadmium- 
salts. — A mixture  of  cadmium-acetiito  w’ith  excess  of  pot'issium-nitrite  deposits  first 
the  salt  K-Ccd"N*0*,  in  oblique,  one-sided,  sinning,  yellow  prisms;  afterwards  the 
salt  K*Ccd"N*0'*,  in  yellow,  less  lustrous  tabular  crystals  (Lang).  Hampe  obtained 
this  last  salt  by  recr^stallisation,  in  colourless  cubes;  the  mother-liquor  contained  an- 
other salt  which  ciystallised  in  prisms,  probably  K*Ccd’'N*0*.  — The  copper-salt, 

K*Ccu’N'*0*.IP0,  forms  thin  prisms,  black  by  reflected,  dark  green  by  transmitted 
light,  permanent  in  the  air,  easily  soluble  in  water,  less  in  alcohol.  The  solution 
decomposes  easily,  depositing  dicupric  nitrite  (Hampe).— Lemf-so/fs. — The  salt 
K*Ppb"N*0*.H*0  crystallises  in  brown-yellow  rhombic  prisms.  A solution  of  nitrite 
of  lead  mixed  with  a large  excess  of  nitrite  of  potassium  yields  loug  slender  prisms 
less  soluble  than  the  preceding,  and  probably  consisting  of  a compound  of  the  two 
double  salts  K*Ppb"N*0“  and  K*Ppb"N*0'*  (Lang). — The  mercurtf-sali,  K*Hhg"N*0*, 
forms  straw-yellow  prisms  (Lang).— The  nickel-salt,  K*Ni"N*0'*,  forms  brown  octahe- 
dral crystals  which  dissolve  with  green  colour  in  water,  are  insoluble  in  alcohol,  but 
are  decomposed  by  boiling  therewith.  A triple  salt  containing  potassium,  barium,  and 
nickel,  riz.  K*Bba'Nni"N“0'*,  is  obtained  by  mixing  acetate  of  nickel  with  potassio- 
barytic  nitrite,  or  acetate  of  barium  with  nicoolo-pota»sic  nitrite,  in  brown-yellow 
microscopic  tablets,  sparingly  solubleincold  water  (Lang,  Hampe). — ^)ie palladium- 
salt  separates  from  concentrated  solutions  as  a white  powder ; friDm  more  dilute  solu- 
tions in  yellow  crystals,  very  soluble  in  water.  It  is  decomposed  heat,  leaving 
a residue  of  palladium  and  nitrite  of  potassium  (Fischer). — The  silver-salt, 
2KAgN*0*.H’0,  forms  yellow  rhombic  j)risms  or  tablet^  permanent  in  the  air,  soluble 
without  decomposition  in  a small  quantity  of  water,  decomposed  by  a larger  quantity 
(Lang,  Hampe). — The  zinc-salt,  K’5^n"N*0Ml*0,  ciystallises  in  short,  yellow, 
deliquescent,  easily  decomposible  prisms.  (Lang.) 

Nitrite  OF  SiLvjBR.  AgNOl — Obtained  by  double  df*composition  of  an  alkaline 
nitrite  and  nitrate  of  silver.  Separates  from  cold  solutions  as  a white  powder  com- 
posed of  capillary  cirstals  ; from  hot  solutions  in  larger  crj'stals.  In  small  quantities 
It  appears  white,  in  larger  quantities  yellow.  Dissolves  in  300  pts.  water  at  ordinary 
temperatures,  easily  in  boiling  water. 

Nitrite  of  Sodium.  NaNO*. — Prepared  like  the  potassium-salt.  Nitrate  of 
sodium  is  more  easily  decompose^i  by  heat  than  nitrate  of  potassium,  and  pelds  a 
larger  proportion  of  free  alkali.  In  purifying  the  nitrite  by  Fischers  method  with  acetic 
acid  and  alcohol  i^vid.  sup.),  tlie  alcoholic  solution  does  not  separate  into  two  layers, 
and  the  aqueous  alcohol  holds  in  solution  acetate  and  nitrate  of  potassium,  as  well  as 
nitrite.  It  must  therefore  be  evaporaU*d  to  dryness  and  the  residue  exposed  to  the  air. 
The  deliquescent  nitrite  of  sodium  may  then  be  decanted,  and  will  yield  the  crystalline 
salt  by  evaporation  over  oil  of  vitriol 

The  properties  of  nitrile  of  sodium  are  for  the  most  part  the  same  us  those  of  the 
potassium-salt ; it  is  distinguished  however  by  its  greater  solubility  in  alcohol 

Nitrite  of  Strontium.  S«r"N*Ol— Prepared  like  the  barium-salt,  but  the 
solution  requires  to  be  more  strongly  concentrate  to  separate  the  remaining  nitxate. 
Crystallises  in  slender  needles  which  slowly  deliquesce  in  damp  air. 
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Kitbitb  op  Zinc. — WhiU  laminar  mass,  consisting  of  2^u'’N*0*.3lI’0  (Lang), 
or  Zan"0.Zaj*'N*0’  (Hampe). 

Alcoholic  liitrites.  Nitrous  Ethers. 

Nitrite  of  Amyl.  C*H*'N0*  « passing  nitrous  va- 

pours into  amylic  alcohol  contained  in  a heated  retort,  rectifying  the  distillate,  and 
collecting  opart  the  portion  which  goes  over  at  96*^.  It  is  a light-yellowish  liquid 
becoming  darker  while  hot,  smelling  like  ethylic  nitrite,  having  a specific  gravity  of 
0'877 ; boiling  at  96®  (Balard),  at  91®  (Rieckber).  Its  vapour  has  a reddish-yellow 
colour,  and  produces  head-ache  when  inhaled. 

It  isquickly  decomposed  by  alcoholic  potash,  yielding  nitrite  of  potassium  and  probably 
ethyl-amylic  ether ; aqueous  potash  acts  but  slowly  on  it  When  dropt  upon  melting 
potash,  it  takes  fire  at  the  first  instant,  and  forms  valerate  of  potassium.  W'^hen  heated 
with  water  in  which  peroxide  of  lead  is  suspended,  it  yields,  according  to  Kiekher, 
amylic  alcohol,  nitrate  of  lead  and  nitride  of  letid.  (Balard,  Ann.  Ch.  Phys.  [3]  xii. 
316;  Rieckher,  Jahresb.  1847-8,  p.  699.) 

Nitbitb  of  Ethyl.  Nitrous  BUher^  C*H*NO*;  formerly  called  Nitric  Ether^ 
Salpetcr-ather^  8alpeter^naphtkay  Ether  nitriqw.. — This  ether  was  first  observed  by 
Rumkel  in  1681 ; but  its  composition  was  first  exactly  determined  by  Dumas  and 
Bonllay  (Ann.  Ch.  Phys.  [2]  xzxvii.  16).  It  is  produced  by  the  action  of  nitric  or 
nitrous  acid  upon  alcohol.  The  action  of  the’  former  acid  is  very  violent,  part  of  the 
alcohol  being  oxidised  and  the  nitric  acid  reduced  to  nitrous  acid,  which  then  forms 
nitrous  ether  with  the  remaining  alcohol. 

Preparation. — 1.  A mixture  of  alcohol  and  nitric  acid  (ranal  parts  of  alcohol  of 
36®  Bm.  and  nitric  acid  of  32®,  according  to  Th^nard)  is  distilled  in  a retort  connected 
with  a series  of  Wonlfifc’s  bottle  half-filled  with  salt-water,  heat  being  applied  to  set  the 
action  going,  and  the  fire  afterwards  removed.  Nitrons  ether  then  collects  on  the  surface 
of  the  brine  in  the  form  of  a light  liquid  which  is  to  be  rectified,  and  then  set  aside  in 
contact  with  quicklime.  Berzelius  recommends,  as  originally  proposed  by  Black,  to 
place  8 pts.  of  fuming  nitric  acid,  4 pts.  water,  and  9 pts.  alcohol,  one  above  the  other 
in  a glau  cylinder,  leave  the  whole  to  itself  for  two  or  three  days,  so  that  the  alcohol 
and  acid  may  mix  slowly  by  difiFusion,  and  purify  the  upper  layer  by  distillation. 

2.  As  the  direct  action  of  nitric  acid  upon  alcohol  is  necessarily  attended  with  a 
considerable  loss  of  alcohol  by  oxidation,  it  is  more  advantageous  to  reduce  the  nitric 
to  nitrous  acid  by  means  of  starch,  sugar,  Ac.  Liebig  (Ann.  Ch.  Pbarm.  xxx.  142) 
passes  the  nitrous  vapours  evolved  from  nitric  acid  and  starch  through  cooled  dilute 
alcohol,  and  condenses  the  evolved  vapours  in  a cooled  receiver.  Or  equal  volnroes  of 
alcohol  and  nitric  acid  may  be  distilled  with  starch  or  sugar  (J.  Grant,  Pbarm.  J. 
Trans,  z.  244) ; or  with  copper  turnings.  (£.  Kopp,  J.  Pbarm.  [3]  xL  320.) 

Nitrite  of  ethyl  is  a yellowish  liquid  having  an  ^our  of  apples,  miscible  in  all  pro- 
portions with  alcohol,  but  sparingly  soluble  in  water  (1  pt.  in  48).  It  boils  at  18®. 
It  decomposes  by  keeping,  especially  in  presence  of  water,  giving  off  nitric  oxide,  and 
often  bursting  the  containing  vessel.  It  is  reduced  by  sulpbydric  acid  or  sulphide  of 
ammonium  in  the  manner  represented  by  the  equation  : 

C™*NO*  + 3H»S  - C»H*0  + NH*  + H»0  + S*. 

Nitrous  ether.  Alcohol. 

A solution  of  ethylic  nitrite  in  alcohol  constitutes  the  nitric  ether  of  the  pharmaco- 
peias, also  called  aweet  Spirits  of  Nitre,  Spiritus  nitrico-aihereus  or  Spiritus  nitri 
dulcis. 

For  details  on  the  preparation  and  properties  of  nitrous  ether,  see  G}nelitCs  Handbook, 
viii.  468. 

Nitbitb  of  Methyl.  CH*N0^ — Produced  by  treating  wood-spirit  with  nitric 
acid  and  copper  turnings  or  arsenious  acid.  The  less  volatile  products  are  condensed 
in  a receiver  cooled  to  0®,  and  the  gaseous  metbylic  nitrite,  after  purification  by  passing 
through  potash-ley,  solution  of  ferrous  sulphate,  and  dry  chloride  of  calcium,  is  con- 
deuB^  in  a tube  cooled  to  between  —30  and  —40®.  As  thus  obtained  it  is  a liquid 
of  specific  gravity  0*991,  which  boils  at  — 12®,  giving  off  a gas  which  smells  like  ethylic 
nitnte  and  boms  with  a green-edged  flame.  It  is  also  found  among  the  gaseous 
products  evolved  on  treating  brucine  with  nitric  acid.  (Streeker,  Compt'.  rend, 
ixxix.  63.) 


Nitric  Pkboxidb  or  Tbtroxjdb  of  Nitroobn.  NO*  or  N*0^ 

Synonymes : Nitric  Peroxide.  Peroxide  of  Nitrogen.  Nitroso^nitric  anhydride.  Hypo- 
nitric  acid.  In  combination : Nitryl. — This  is  the  principal  constituent  of  the  orange 
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fumos  produced  on  mixing  nitric  oxide  with  oxygen  or  air.  When  nitric  oxide  is  mix#»d 
with  excess  of  oxygen,  2 vol.  of  the  former  combine  with  1 vol.  of  the  latter  to  form 
2 toIb.  of  nitric  peroxide. 

Pre^ration. — 1.  When  a mixture  of  2 vols.  nitric  oxide  and  1 vol.  oxygen,  incorpo* 
rated  passing  through  a tui>e  filled  with  broken  porcelain  and  thoroughly  dried  by 
transmission  over  pumice  soaked  in  oil  of  vitriol,  and  then  over  recently  fused  slack- 
potash,  is  Bubjectea  to  the  action  of  a freezing  mixture  of  salt  and  ice,  pemitric  oxide 
condenses  in  transparent  crystals,  or  ifthe  slightest  trace  of  moisture  is  present,  into  an 
almost  colourless  liquid.— 2.  Thoroughly  dried  nitrate  of  lead  heated  in  a retort,  givea 
off  a mixture  of  pemitric  oxide  and  oxygen  gases,  the  former  of  which  may  be  con- 
densed as  above,  while  the  latter  passes  on  : 

PpbNW  - Ppb'O  + 0 + N’O*. 

The  first  portions  of  nitric  peroxide  thus  obtained  do  not  solidify,  doubtless  owing  to 
the  presence  of  a trace  of  moisture,  but  if  the  receiver  be  changed  in  the  midst  of  the 
operation,  and  if  every  care  has  been  taken  to  avoid  moisture,  the  later  portions  may 
be  obtained  in  the  ciystalline  form. 

ProprrfiVs.— Pemitric  oxide  at  very  low  temperatures  forms  transparent,  colourless, 
prismatic  crystals  which  melt  at  —9®;  but  wuen  once  melted  do  not  resolidify  till 
cooled  down  to  — 30°.  Above  —9°  it  forms  a mobile  liquid  of  specific  gravity  1*461, 
the  appearance  of  which  varies  greatly  according  to  the  temperature.  When  still 
liquid  below  —9°,  it  is  almost  colourless;  at  —9°  it  has  a perceptible  greenish-yellow 
tint ; at  0°  the  colour  is  somewhat  more  marked  ; at  10°  it  is  decidedly  yellow ; and  at 
15°  and  upwards,  orange-yellow,  the  depth  of  colour  increasing  progressively  with  the 
temperature  up  to  22°,  the  boiling  point  of  the  liquid.  The  vapour  has  a brown-red 
colour,  the  depth  of  which  also  increases  with  the  temperature,  until  at  40°  it  is  so 
dark  as  to  be  almost  opaque.  This  remarkable  change  of  colour  is  accompanied  by  a 
great  diminution  of  density  as  the  temperature  rises,  both  phenomena  pointing  to  a 
molecular  change  produced  in  the  vapour  by  heat.  Playfair  and  Wanklyn  (Chem. 
Soc.  J.  XV.  156)  have  determined  the  density  of  the  vapeur  by  Dumas’  method,  using 
nitrogen  as  a diluent,  and  find  that  the  densities  at  diffen*nt  temperatures  are  us  follows: 
Temperature.  Vapour.deniit)r. 

97-5°  ....  1*783 

24-5  ....  2*620 

11-3  ....  2*646 

4*2  ....  *2-588 

Now  the  density  required  by  the  formula  NO*  for  a two-volume  condensation  is 
X 0 0093  — 1*6893  ; that  required  by  N*0*  for  the  same  condensation  is 

the  double  of  thiB,  viz.  3*1786;  and  the  vapour-densities  found  by  experiment  are  all 
intermediate  between  these  two  numbers,  that  found  at  97*6°  not  differing  very  much 
from  the  lower  calculated  number,  while  those  found  at  the  lower  temperatures  approach 
more  nearly  to  that  required  by  the  formula  N*0*.  Hence  it  is  probable  that  nitric  per- 
oxide exists  in  two  modifications,  NO*  and  N*0*,  which  pass  readily  one  into  the  other 
with  change  of  temperature ; that  at  temperatur«'s  near  100°, ‘the  gas  consists  chiefly  of 
NO*,  at  onlinarj*  temporal ures  of  N*0*,  and  at  intermediate  temperature-8  of  mixtures 
of  the  two  in  various  proportions.  Liquid  pemitric  oxide  gives  off  at  ordinary*  tem- 
peratures an  abundance  of  reddish  vapours  which  when  mixed  with  air  are  extremely 
difficult  to  condense.  These  vapours  have  a pungent,  suffocating  odour  and  acid  taste, 
are  quite  irrespirable,  and  stain  the  skin  of  a bright  yellow.  Conceraingthe  dark  bands 
in  the  spectrum  of  lamp-light  passing  through  the  vapour  of  nitric  peroxide,  see 
Light  (iii.  621). 

Ikampotitions. — Nitric  peroxide  is  decompos<^  by  trover,  with  production  of  nitric 
and  nitrous  acids,  whence  it  may  bo  regarded  as  nitroso-nitric  anhydride  : 

N*0*  + H*0  - HNO*  + UNO*. 

This  simple  reaction  however  takes  place  only  at  very  low  temperatures ; when  a 
small  quantity  of  ice-cold  water  is  added  to  pemitric  oxide  cooled  by  ico  and  salt,  two 
layers  of  liquid  are  formed,  the  upper  and  least  coloured  of  which  consists  chiefly  of 
aqueous  nitric  oxide,  the  lower  and  darker  of  nitrous  acid  or  anhydride,  which  may  be 
distilled  off  at  a low  temperature,  as  already  described  (p.  74).  Pemitric  oxide  acts 
in  a similar  manner  upon  caustic  alkalis  when  not  too  dilute,  forming  a nitrate  and 
nitrite  of  the  alkali-metal.  But  when  nitric  peroxide  is  added  to  excess  of  water  at 
ordinary  temperatures  it  is  decompoBcd  into  nitric  acid  and  the  products  of  decompo- 
sition of  nitrous  acid,  namely,  nitric  acid,  water,  and  nitric  oxide  gas.  As  the  quantity 
of  nitric  peroxide  added  to  the  water  increases,  the  evolution  of  nitric  oxide  becomes 
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and  leas  obrioas,  until,  when  a considerable  quantity  of  nitric  acid  has  been  formed, 
it  disappears  altogether.  During  this  saturation  of  the  water  with  nitric  acid,  it 
becomes  successiTely  blue,  green,  and  orange-^coloured,  these  colours  depending  upon  the 
solution  of  unaltered  nitric  peroxide  in  the  aqueous  nitric  acid,  which,  accoiding  to  its 
concentration,  is  capable  of  dissolring  an  increasing  quantity,  and  of  decomposing  a d«'« 
creasing  quantity  of  that  compound.  The  similarly  colqured  liquids  produced  by 
treating  aqueous  nitric  acid  with  nitric  oxide  gas  are  thought  to  owe  their  colour  to  the 
presence  of  pemitric  formed  by  deoxidation  of  a portion  of  the  nitric  acid : 

NO  + 2HNO*  = H*0  + 3NO*. 

Nitric  peroxide  is  not  decomposed  at  a dull  red  heat  Mixed  nitric  peroxide  and 
cr^en  ga^*  passed  orer  spongy  platinum,  react  upon  each  other,  with  production  of 
water  and  ammonia,  the  platinum  at  the  same  time  becomiug  red-hot.  Nitric  per- 
oxide is  also  absorbed  by  aqueous  sulphydric  acid,  with  formation  of  ammonia  and 
deposition  of  sulphur.  Ordinary  combustibles  are  extinguished  by  nitric  peroxide 
rapour ; but  charcoal  and  phosphorui,  when  strongly  ignit^,  bum  in  it  with  consider- 
able brilliancy,  liberating  the  nitrogen.  It  is  also  decomposed,  w'iih  liberation  of  nitro- 
gen, by  iron  and  other  metals  at  a red  heat.  Potassium  introduced  into  the  Tapour  at 
ordinary  temperatures  inflames  spontaneously  and  burns  with  a red  flame. 

Combinations. — Nitric  peroxide  usually  reacts  with  basylous  metallic  oxides,  as  before 
obeerred,  to  form  nitrates  and  nitrites ; but  it  has  been  supposed  also  to  unite  dinctly 
with  some  oxides  to  form  deflnite  salts:  hence  it  has  been  called  hyponitric  acid. 
Thus  the  nitroso-nitrates  of  lead  already  described  (p.  73)  are  regarded  by  Bromois  as 
compounds  of  lead-oxide  with  nitric  peroxide;  and  cobalt-yellow  (i.  1058)  is  by  some 
chemists  supposed  to  have  the  composition  CoKO.N*0*. 

Nitric  peroxide,  or  nitpyl,  acts  as  a monatomic  chlorous  radicle  analogous  to  chlorine 
and  bromine,  and  capable  of  displacing  one  or  more  atoms  of  hydre^en  in  various  com- 
pounds, chiefly  organic,  atom  for  atom  ; naphthalene,  for  example,  yields  the  three  nitro- 
deriratives,  C**H’(NO*)*,  C'*H*(NO*)*,  C'®H‘(NO')*.  Some  of  these  compounds  are 
formed  by  the  direct  action  of  nitric  peroxide  on  organic  bodies,  e.g.  mononitronaph- 
thalene,  U‘*H'(NO’) ; but  they  are  generally  speaking  most  easily  formed  by  the  action 
of  strong  nitric  acid  (which  may  itself  be  supposed  to  contain  the  radicle  nitryl)  on  the 
primary  compounds  : thus, 

C"H*  + = C»H'(NO>)  + H'O. 

Nitric  peroxide  also  unites  with  amylenc,  forming  nitryUde  of  amylme,  C*H'*(NO*), 
analogous  to  the  bromide,  and  pos.sibIy  also  with  the  other  Olefini's. 

(Guthrie,  see  i.  2o9.) 

A chloride  of  nitryl,  NO^Cl,  is  produced  by  the  action  of  oxychloride  of  phospho- 
rus on  nitrate  of  lead ; thus, 

SPpbN’O*  + 2PC1«0  » PpVP*0»  + 6NO*Cl; 
also  by  the  action  of  chlorbydro-sulphuric  acid  upon  nitrate  of  potassium : 

KNO*  + HCISO*  « KHSO®  NO»Cl. 

It  is  a thin  pale  oil  smelling  somewhat  of  nitro-muriatic  acid.  It  is  decomposed  by 
water  into  hydrochloric  and  nitric  acids  : 

NO^a  + H’O  - HCl  + HNO*. 

NiTfiic  Akhtdridb,  Acid,  and  Salts, 

Vitrto  Anbydrtde«  or  Pentoxlde  or  Kltrogen.  Anhydrous  Hiiric  acid. 
HitraU  of  — NO’(^* — This  compound,  discovered  by  H.  Devillein  1849, 

is  produced  by  decomposing  nitrate  of  silver  with  chlorine-gas,  both  being  perfectly 
diy: 

2AgNO>  + Cl*  - 2AgCl  + N*0*  + 0. 

The  nitrate  of  silver  is  placed  in  a U-tubc  capable  of  containing  about  500  grms.  of 
the  salt.  This  tube  is  connected  with  another  U-tube  of  considerable  size,  and  having 
at  the  bottom  a small  spherical  reservoir,  which  serves  to  receive  a very  volatile  liquid 
(nitrous  anhydride),  pr^uced  in  the  course  of  the  operation.  The  tube  containing  the 
nitrate  of  silver  is  immersed  in  water  covered  with  a thin  layer  of  oil  and  heated  by 
means  of  a spirit  lamp,  which  communicates  with  a reservoir  kept  at  a constant  level. 
The  chlorine  is  evolvi^  from  a glass  gasometer,  and  its  displacement  is  regulated  by  a 
slow  and  constant  flow  of  sulphuric  acid ; it  is  dried  by  passing  over  chloride  of 
calcium  and  then  over  pumice-stone  moistened  with  sulphuric  acid.  The  bend  uf  the 
large  U-tabe  is  immersed  in  a freezing  mixture.  The  nitrate  of  silver  is  first  heated 
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to  180^  and  deprived  of  moisture  bj  passing  a current  of  carbonic  anhydride  through 
the  apparatus.  After  this,  the  transmission  of  the  chlorine  is  commenced.  At 
ordinary  temperatures  it  appears  to  exert  no  action;  but  when  the  nitrate  of  silver  is 
heated  to  96®,  and  the  temperature  then  lowered  to  68® — 68®,  the  decomposition  of  the 
nitrate  takes  place,  chloride  of  silver  being  formed  and  nitric  oxygen  evolved.  At  first 
a portion  of  nitric  peroxide  is  developed,  but  as  soon  as  the  temperature  has  reached  its 
lowest  point,  crystals  of  nitric  anhydride  are  formed  and  soon  obstruct  the  U-tube. 
The  gases  evolved  during  the  process  are  coloured ; and  in  the  spherical  reservoir  at 
the  bottom  of  the  tube,  there  collects  a small  quantity  of  liquid  which  must  be  removed 
from  the  apparatus  before  transferring  the  nitne  anhydride  to  another  vessel.  To  effect 
this  transference,  the  current  of  chlorine  must  be  replactd  by  a current  of  carbonic  anhy- 
dride, the  condensing  tube  must  no  longer  be  cooled  ; and  the  bulb  destined  to  receive 
the  crystals  must  be  immersed  in  a freezing  mixture  and  connected  with  the  U-tube 
by  means  of  a caoutchouc  tube  lined  with  asbestos.  The  chlorine  should  pass  very 
slowly,  not  more  than  3 or  4 litres  (about  CO  cubic  iuebes)  in  24  hours.  An  apparatus 
arranged  as  above  described  will  go  on  day  and  night  without  superiDtendence : it 
is  merely  necessary  to  renew  the  supply  of  sulphuric  acid  which  displaces  the  chlorine, 
the  alcohol  which  feeds  the  lamp,  and  the  freezing  mixture. 

Nitric  anhydride  forms  transparent  colourless  crystals  of  great  brilliancy,  haring  the 
form  of  prisms  with  six  fuee.s  and  Hp{>arently  derived  from  a right  rhombic  prism. 
When  slowly  deposited  in  a current  of  the  gas  strongly  cooled,  they  attain  a consider- 
able size.  They  melt  a little  above  30®,  and  boil  at  al^ut  46®.  At  10®  the  tension  of 
the  vapour  is  very  considerable.  At  temj>eratures  near  the  boiling  point,  decomposi- 
tion appears  to  begin : henct*  the  tension  of  the  vapour  cannot  be  determined  by  Dumas' 
process.  (Deville,  Ann.  Ch.  Phys.  [3]  xxviii.  241.) 

Httrlo  Add.  HNO*  — |o  or  H^O.NK)*. — Azotic  acid.  Spirit  of  nitre. 

Spiritue  nitri  acidus.  Salpetergeist.  In  the  dilute  state:  Aaua  foriis.  Eau  forte. 
Scheidewoeerr. — This  acid  has  bi>eD  known  from  early  times,  it  is  mentioned  in  tbo 
writings  of  Geber  in  the  eighth  century ; Raymond  LuUius,  in  the  thirteenth  cen- 
tury, gave  directions  for  preparing  it  by  distilling  saltpetre  with  sulphate  of  iron; 
and  Glauber  soon  afferwai^  obtained  it  by  distilling  saltpetre  with  oil  of  vitriol,  the 
process  by  which  it  is  prepared  at  the  present  day. 

Formation.. — 1.  When  nitrogen-gas  mixed  with  10  or  12  times  its  bulk  of  hydrogen 
is  burnt  in  oxygen,  the  resulting  water  is  found  to  contain,  in  addition  to  nitrite  of 
ammonium,  a small  quantity  of  free  nitric  acid.  Again,  when  a succession  of  electric 
sparks  is  passed  through  a moist  mixture  of  2 voL  nitntgen,  and  6 vol.  oxygen,  traces 
of  nitric  acid  are  slowly  formed.  It  was  by  a moditioation  of  the  experiment  that 
Cavendish  hrst  ascertained  the  composition  of  nitric  acid.  Davy  notic^  that  traces 
of  nitric  acid  are  producexl  at  the  positive  pole,  when  water  containing  atmospheric 
air  is  submitted  to  electrolysis. 

2.  By  the  decomp>o8ition  of  nitrous  acid,  and  of  all  the  oxides  of  nitrogen.  Thus, 
traces  of  nitric  acid  are  formed  from  moist  nitrous  and  nitric  oxide  gases,  by  transmis- 
sion tlirough  red-hot  tul>es,  or  by  electrolisation  ; while  i^uantities  of  it  are  produced 
by  the  action  of  water  upon  nitrons,  nitroso-nitric,  and  nitric  anhydrides.  Nitric  acid 
also  occurs  among  the  products  resulting  from  the  transmission  through  red-hot  tubes 
of  an  excess  of  oxygen  mixed  with  animoniacal  or  moist  cyanogen  gas. 

Preparation. — 1.  Vrom  Nitrate  of  potaseium.  1000  parts  of  purified  saltpetre  are 
distilbni  in  a glass  retort  with  96  parts  of  common  oil  of  vitriol,  till  the  residue  in  the 
retort  becomes  tranquil,  and  no  more  drops  distil  over.  The  ingredients  should  be  but 
little  more  tlian  sufficient  to  half  fill  the  retort,  or  there  will  he  danger  of  the  mixture 
boiling  over.  »Whcn  a tubulated  retort  is  employed,  the  oil  of  vitriol  is  introduced 
through  the  tubulus;  but  with  a plain  retort,  the  acid  is  poured  down  the  neck  by 
means  of  a bent  tulw-funnel,  care  being  taken  not  to  soil  the  neck  with  the  oil  of 
vitriol.  Tile  neck  of  the  retort  must  reach  almost  to  the  middle  of  the  receiver, 
which  is  cook'd  with  water,  and  attached  to  the  retort  without  any  cement. 

For  every  molecule  of  saltpetre  (KNO*  » 101  pts.)  1 molecule  of  oil  of  vitriol 
(H*SO*  ■■  98  pts.)  is  required,  in  which  case  1 molecule  of  nitric  acid  passes  over, 
and  1 molecule  of  acid  sulphate  of  potassium  remains  in  the  retort : 

KNO*  + H*SO<  - KHSO*  HNO>. 

It  was  formerly  the  practice  to  use  only  half  the  quantity  of  sulphuric  acid  indicated 
by  the  above  proportion ; and  in  fact  when  1 at.  sulphuric  acid  is  heated  with  2 at. 
saltpetre,  the  whole  of  the  nitric  acid  is  ultimately  given  off* ; for  the  decomposition 
begins  in  the  manner  above  indicated,  the  oil  of  vitriol  acting  upon  half  the  quantity 
of  salt|>etre  present,  so  that  1 at.  nitric  acid  is  disengageil,  and  a mixture  of  nitrate  and 
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arid  sulphate  of  potassium  remains  behind.  This  first  stage  of  the  reaction  takes 
place  at  a moderate  heat ; but  afterwards^  as  the  contents  of  the  retort  attain  a higher 
temperature,  the  acid  sulphate  and  nitrate  act  upon  one  another,  according  to  the  fol- 
lowing equation,  yielding  nitric  acid  and  neutral  sulphate  of  potassium  ; 

KHSO*  + KNO«  - HNO*  + K*SO‘. 

But  these  proportions  are  not  advantageous,  at  least  when  a colourless  acid  is  required; 
tor  at  the  high  d^ree  of  heat  attained  in  the  latter  stage  of  the  process,  a great  portion 
of  the  nitric  acid  is  resolved  into  oxygen  and  nitric  peroxide,  which  being  absorbed  by 
the  acid  first  distilled  over,  converts  it  into  red  fuming  nitric  acid. 

2.  From  commercial  A'Urate  of  sodium  or  Chils  soHpeirt. — This  salt,  on  account  of 
its  lower  price,  is  now  generally  used  for  the  preparation  of  nitric  acid  on  the  large 
scale.  The  distillation  is  conducted  as  above,  excepting  that  1 molecule  (98  pto.^  of 
oil  of  Titriol  is  sufficient  for  the  decomposition  of  2 molecules  (1/0  pts.)  of  the  nitre 
(or  58  to  100),  because  the  reaction  takes  place  at  a lower  temperature  than  with  nitrate 
of  potassinm,  so  that  the  heat  never  rises  high  enough  to  decompose  much  of  the  nitric 
add,  and  the  add  collected  in  the  receivers  has  only  a pale  yellow  colour.  If  2 at. 
sulphuric  acid  are  used  to  2 at.  nitrate  of  sodium,  the  acid  must  be  diluted  with  one- 
fourth  its  weight  of  water  to  prevent  the  mass  from  boiling  over.  The  best  proportions 
are  100  pts.  nitrate  of  sodium,  1167  pts.  of  oil  of  vitriol  and  30  pts.  of  water;  for  the 
add  sulphate  of  sodium  retains  not  only  1 at.  water,  like  the  p>otassium-8alt,  but  3 at., 
which  it  tends  to  separate  from  the  nitric  add.  so  that  unless  water  is  added,  the  mass 
becomes  solid,  and  the  add  is  partly  resolved  into  nitric  peroxide  and  oxygen  gas. 
(Wittstein,  Report.  Pharm.  Ixiv.  289.) 

Both  potash-  and  soda-nitre  generally  contain  chloride  of  potassium  or  sodium,  which 
at  the  commencement  of  the  process  gives  rise  to  the  evolution  of  a yellowish-red  mixture 
of  pemitric  oxide  vapour  and  chlorine  gas.  As  however  the  whole  of  the  chlorine  passes 
over  at  the  banning  of  the  distillation,  an  acid  is  at  length  obtained  perfectly  free 
from  chlorine  ; this  pure  acid  amounts  to  one-half  or  two-thirds  of  the  whole.  It  is 
well  to  change  the  receiver  as  soon  as  the  acid  drops,  which  fall  from  the  neck  of  the 
retort,  produce  but  a slight  turbidity  in  a solution  of  nitrate  of  silver,  and  again,  when 
they  cease  to  cause  any  turbidity  whatever.  If  the  saltpetre  be  purified  by  repeated 
crystallisation  from  every  trace  of  chloride,  it  yields  a perfectly  pure  acid  from  the 
commencement. 

The  ordinary  acid  may  be  purified  by  distillation  with  a small  quantity  of  saltpetre 
— the  receiver  being  changed  m the  course  of  the  process.  Acid  containing  chlorine 
passes  over  first,  and  aflerwards  pure  nitric  acid. 

In  order  to  obtain  an  acid  as  concentrated  and  as  free  as  possible  from  chlorine  and 
nitric  peroxide,  M i Hon  distils  it  till  a third  part  has  passed  over,  and  then  distils  the 
rest  with  an  equal  measure  of  oil  of  vitriol,  the  receiver  being  changed.  The  latter 
distillate  he  purifies,  by  a second  distilLition,  from  the  sulphuric  acid  which  comes  over; 
beats  the  distillate  to  the  boiling  point  in  the  bottle  in  wnich  he  intends  to  presence  it; 
snd  passes  a oontinuons  current  of  carbonic  anhydride  through  it,  till  the  acid  becomes 
cold.  Should  the  specific  gravity  of  the  acid  exceed  I S,  the  heating  and  current  of 
carbonic  anhydride  must  be  repeated  once  or  twice,  to  remove  the  whole  of  the  nitric  per- 
oxide. In  this  manner,  a transparent  and  colourless  acid  may  be  obtained  of  specific 
gravity  1*521. 

Nitric  acid  prepared  from  Chile  saltpetre  often  contains  iodine.  Such  acid,  when 
distilled  with  sulphuric  acid,  yields  a sublimate  of  iodine  after  uU  the  nitric  acid  has 
passed  over.  The  iodine  (which  is  in  the  form  of  iodic  acid)  may  also  bo  detected  by 
redneing  it  with  sulphydric  acid  or  hyposulphite  of  sodium  and  then  testing  with  starch. 

Non-volatile  impurities,  chiefiy  potassium  or  sodium  salts,  arc  occasionally  present 
in  the  acid,  having  been  carried  over  by  too  rapid  distillation. 

On  the  large  scale,  the  potash  or  soda  nitre  is  distilled  in  horizontal  cast-iron  cylinders, 
or  similar  vessels,  snd  the  acid  is  condensed  in  a scriesof  stone-ware  Woulffe’s  bottles, 
into  the  last  of  which  a certain  quantity  of  water  is  poured,  to  effect  complete  conden- 
sation. Formerly,  calcined  green  vitriol  or  moistened  clay  was  substituted  for  sulphuric 
add  in  this  process  ; the  greater  part  of  the  acid  then  distilled  over  as  pemitric  oxide, 
which,  when  condensed  by  the  water,  yielded  a^ua  fortis  {^Skhndewasstr\ 

In  some  French  manufactories,  the  generating  vessel  is  connected  with  a double 
series  of  condensers  by  means  of  a T-shaped  tube  fitted  with  a three-way  cock,  so  that 
the  acid  vapours  may  be  made  to  pass  into  either  set  of  condensers  at  pleasure,  and 
shut  off  from  the  other.  In  this  way  the  pure  colourless  acid  which  distils  over  towards 
the  middle  of  the  process  may  at  once  be  separated  from  the  coloured  ndd  which  is 
given  off  at  the  beginning  and  the  end.  For  full  details  respecting  tliis  and  other 
recent  improvements  in  the  methods  of  distillation  and  condensation,  see  Hichardson 
and  Watts’s  Ch^ical  Technofogy^  vol.  i.  pt.  4,  pp.  337-350. 

The  following  methods  of  preparation  de8n*il>^  by  K u h 1 m a n n (Rep.  Chim.  app. 
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1862,  p.  337  ; Wa^D  er’s  Jahro8lM*richt,  1862,  p.  239)  may  perhaps  be  adraotageously 
adopted  under  particular  cireuiastances. 

a.  By  heating  chloride  of  manganese  with  nitrate  of  sodium,  whereby  a large  quantity 
of  nitrous  fumes  arc  given  oflT,  and  an  oxide  of  manganese  is  formed  which  may  serve 
for  the  evolution  of  chlorine : 

6MuCl  + 6NaNO»  = 3Mn0.Mn*0  + 6NaCl  + 6NO*  + O. 

The  mixture  of  nitric  peroxide  and  oxygen  coming  in  contact  with  the  water  of  the 
condenser  is  converted  into  nitric  acid,  the  excess  of  nitric  peroxide  being  resolved  at 
the  same  time  into  nitric  acid  and  nitric  oxide. 

b.  By  the  action  of  certain  sulphates  on  the  nitrates  of  potassium  and  sodium.  Sul- 
phate of  manganese  acts  in  a similar  manner  to  the  chloride;  the  sulphates  of  zinc, 
magnesium  and  calcium  also  decompose  alkaline  nitrates  when  heated  with  them. 

e.  By  the  action  of  certain  metallic  oxides,  alumina,  and  silica  on  nitrates.  Wohler 
has  shown  that  when  a mixture  of  peroxide  of  mauganest^  and  nitrate  of  sodium  is  mode- 
rately heated  in  a close  ve.ssel.  caustic  soda  is  formed,  but  no  salt  of  manganic  acid,  and 
large  quantities  of  nitrous  vapours  are  given  off,  which  may  be  condens^  in  water  as 
above. 

d.  Kuhlmann  (Compt.  rend.  xlvi.  464,  676)  recommends  the  preparation  of  weak 
nitric  acid,  without  distillation,  by  decomposing  a strong  solution  of  nitrate  of  barium 
(obtained  by  decomposing  nitrate  of  scwlium  with  chloride  of  barium)  with  an  equiva- 
lent quantity  of  sulphuric  acid.  Thu  aqueous  nitric  acid  d<*canted  from  the  precipitat«*d 
sulphate  of  barium  has  a strength  of  10^ or  ll®Baum6  (specific  gravity  1'076 — r083), 
and  may  be  concentrated  by  boiling  to  26®  Baum^  (specific  gravity  1*210). 

Preparation  of  Fuming  Fitric  Acid. — This  ro<l  fuming  liquid,  which  consists  of 
strong  nitric  acid  holding  in  solution  a considerable  quantity  of  pernitric  oxide,  and  is 
a much  more  powerful  oxidising  agent  than  the  strong  I'olourless  acid,  is  usually  prepared 
by  distilling  2 at.  saltpetre  with  1 at.  of  sulphuric  acid,  so  as  to  obtain  a rt>sidueof  neutral 
sulphate  of  potassium  (p.  79),  a considerable  portion  of  the  evolved  nitric  acid  being 
then  decomposed  by  the  high  degree  of  heat  to  which  the  materials  are  raised  towards 
the  end  of  the  process.  It  may,  however,  l>e  more  easily  obtained  by  using  the  ordi- 
nary proportions  of  the  ingredients  at.  nitrate  to  I at.  sulphuric  acid),  and  adding 
a 8ul>stance  capable  of  reducing  the  nitric  acid  to  the  state  of  nitrous  acid  or  nitric 
peroxide : the  rod  acid  is  then  obtained  from  the  very  beginning  of  the  proceas. 
Sulphur  may  be  used  for  this  purpose,  but  a small  portion  of  the  sulphuric  acid  formed 
by  its  oxidation  generally  passes  over  with  the  nitric  acid,  and  must  afterwards  be 
removed  by  wctification.  The  following  is  a better  method 

100  pts.  of  saltp<*tre  are  triturated  with  3^  pts.  of  starch,  and  the  mixture  is  intro- 
duced into  a retort,  and  covered  with  100  pts.  of  sulphuric  acid  of  specific  grarity  1*85. 
The  beak  of  the  retort  is  inserted,  without  luting,  into  a glass  tube  3 or  4 feet  long,  the 
farther  end  of  which  passes  into  an  ordinary  tubulated  receiver,  which  is  kept  very 
cool.  The  distillation  Wgins  without  external  application  of  heat,  requiring  only  very 
gentle  warming  towards  the  end  ; 100  ^ts.  of  saltpetre  yield  by  this  process  about  60 
pts.  of  deep  red  fuming  nitric  acid.  It  is  best  to  fill  the  retort  only  to  about  one-tbird. 
(Brunner,  R^p.  Chira.  app.  iii.  188.) 

Properties. — Pure  nitric  acid  is  a colourless,  transparent,  mobile  liquid,  of  specific 
gravity  1*62.  It  melts  at  —66®  into  a buttery  mass.  It  boils  at  86®,  with  partial  de- 
composition, leaving  a weaker  acid  behind.  Its  vapour-density  is  2*268  at  68*6®;  2*373 
at  40*5®  (Playfair  and  Wanklyn,  Chem.  Soc.  J.  xv.  156)  : calc.  (2  vol.)  » 2*183. 
It  exerts  a highly  corrosive  action  on  organic  bodies,  and  even  when  somewhat  dilute<], 
stains  the  nitrogenous  tissues  of  a bright  orange  colour.  In  the  pres<*nce  of  moist  air, 
nitric  acid  gives  off  opaque  white  vapours  having  a characteristic  odour  and  sour  taste. 
It  absorbs  water  from  the  air,  but  with  less  avidity  than  sulphuric  acid.  Its  admixture 
with  water  is  accompanied  by  a sensible  development  of  heat,  and  formation  of  a 
definite  sesqui-hydratc,  2I1N0*.3H’0,  which  is  a colourless  strongly  acid  liquid  having 
a sp^'cific  gravity  of  1*42,  containing  60  per  cent,  of  nitric  anhydride  or  70  per  cent. 
UNO*,  and  l>oiling  according  to  Millun  at  123®,  under  the  ordinary  atmospheric  pri's- 
Hure.  Weaker  and  stronger  acids  are  alike  reduced  to  this  state  of  hydration  by 
boiling,  the  weaker  adds  losing  water  and  the  stronger  acids  the  elements  of  nitric 
anhydride.  According  to  Roscoe,  however  (Chem.  Soc,  Qu.  J.  xiii.  160),  aqueous 
nitric  acid,  which  boils  con.stantly  under  the  oniinary  pressure,  contains  68  per  ci  nt. 
UNO*,  which  cannot  bo  represented  by  any  simple  atomic  proptjrtioii ; mor»*over,  as 
with  hydrochloric  acid  (i.  892)  and  other  acids,  the  composition  of  nitric  acid  of 
constant  boiling-point  varies  with  the  pressure  imdcr  which  the  ebullition  takes  place. 
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TaUf  tkoiring  (hr  ttrength  of  Agufous  yUric  acid  according  to  its  Specific  Gravity  at 
i.V5^  C.  or  60'^  K.  (Ur  o.) 


Specific 

gi»*itr. 

S’^O'  In 
too  ptK.  bjr 
weight. 

Specific 

gniTity. 

In 

100  pt».  by 
weight. 

Specific 

graviiy. 

N*0'  in 
100  pti.  by 
weight. 

Specific 

gravity. 

N50'  in 
100  pt«.  iiy 
weight. 

1-5000 

79-700 

1-4189 

69-775 

1*2947 

39-850 

1-U03 

19-925 

1'4980 

78  903 

1*4147 

58-978 

1-2887 

39*053 

1 1-1345 

19-128 

1 1*4960 

78*106 

1-4107 

5S-181 

1-2826 

38-256 

1 1286 

18*331 

' 1 4940 

77-309 

1*4066 

57-384 

1-2765 

37  459 

1-1227 

17  531 

1-4910 

76  512 

1-402,3 

66*587 

1-2705 

36662 

i 1-1168 

16-737 

1-4S80 

75716 

1.3978 

55-790 

1-2644 

35*865 

1*1109 

15-940 

1-4860 

74-918 

1*3946 

54-993  ^ 

1-2583 

35-063 

! 1-1051 

15-143 

1-4.S20 

74  121 

1-3882 

54*196  1 

1-2523 

34-271 

1-0993 

14-316 

1 1*4790 

73  324 

1-3833 

63-399  , 

1-2462 

33-474 

1 0935 

13-549 

1-4760 

72*627 

1-3783 

52-602 

1-2102 

32-677 

1-0878 

12-752 

I 1 4730 

71  730 

1*3732 

61-805 

1-2341 

31*880 

1-0821 

11-9.55 

1-4700 

70933 

1-3681 

51-068 

1-2277 

31-083 

1-0761 

11  158 

1*4670 

70-136 

1-3630 

60-211 

1*2212 

30-286 

1-0708 

10  361 

' 1-4G40 

6;).3.39 

1-3579 

49-414 

1-2148 

29  489 

1 0651 

9-564 

1-46(MI 

68-542 

1 3529 

48-617 

1-2081 

28-692 

1 0.595 

8-767 

1-4,570 

67*740 

1-3477 

47-820 

1-2019 

27*895 

1-0540 

7-970 

j 1-4.5.30 

66948 

1-3427 

47-023 

1-1Q58 

27  093 

1-0485 

7-173 

, 1-4.503 

06*156 

1-3376 

4G-2-26 

1*1895 

26-301 

1-0130 

6*376 

• 1 4460 

65-354  ; 

1*3323 

45-429 

1-1833 

25-504 

1-0375 

6*579 

1 1-4121 

6 4-557  1 

1-3270 

44  632 

1-1770 

21-707 

1-0320 

4-782 

1-4385 

63-700  ‘ 

1*3216 

43-835 

1-1709 

23*900 

1-0267 

3-985 

1-4316 

62-96.3 

1*3163 

43-0.38 

1-1618 

23-113 

1-0212 

3188 

1-4306 

6-2-166 

1-3110 

42211 

1-1587 

22-316 

1-0159 

2 391 

1*4269 

61  369  ' 

1-3056 

41*441  1 

1-15-26 

21-519 

1-010'j 

1-.594 

1-1228 

60572 

1-3001 

40*647 

1-1465 

20-722 

1-0053 

0-797 

The  numbers  in  this  table  were  obtained  by  mixinp  known  weights  of  water  and 
nitric  acid  of  specific  grarity  I '600,  whieli  was  reganie<l  by  Uro  ns  the  strongest  ncid 
com-sj^onding  to  the  formula  but  as  the  true  specific  gravity  of  this  acid  is 

r62,  the  numljers  probably  rwjuire  some  correction. 

Rfoctions. — Nitric  acid,  especially  wlien  hoate<i,  is  a most  powerful  oxidising  agent, 
and  acts  more  or  lca.s  violently  on  nil  the  solid  non-metallic  elements,  converting 
ivdinf,»idphur^  jr«7fniK/n,  teVuriumy  phoxphttrus,  arsenic^  Itoron,  carbon,  and  9iUc<m,  into 
iodic,  sulpfiurie,  selenioim,  tcllurous,  phosphoric,  arsenic,  boric,  carbonic,  and  silicic 
acids  respectively ; also  upon  all  motaU  excepting  tantalum,  titanium,  gold,  platinum, 
and  some  of  its  congeners.  Most  metals  are  converted  by  it  into  nitrates,  but  tin,  irn- 
tinwny,  and  iungatm,  when  heated  with  the  moderately  strong  acid,  are  oxidised  into 
the  insoluble  btannic,  antimonic,  and  tungstic  anhydrides.  The  degree  of  reduction 
which  the  nitric  acid  sustains  in  these  reactions  varies  according  to  the  8ul>staDce  acted 
upon,  and  according  to  the  strength  and  temperature  of  the  acid.  In  mo^t  cases,  nitric 
oxide  is  set  free,  an<l  forms  red  fumes  of  nitric  peroxide  on  coming  in  contact  with  the 
air  : hence  nitric  ncid  may  generally  be  recogni.scd  by  the  re^l  fumes  which  it  evolves 
on  coming  in  contact  with  metals  or  other  oxidalde  bodies.  The  reaction  with 
euyprr  already  d4*scribed  (p.  68),  may  be  regarded  as  typical  of  the  ordinary 
action  of  nitric  acid  on  metals.  In  some  eases,  however,  other  oxides  of  nitrogen  are 
evolvetl.  Finely  divided  charcoal,  drenclunl  with  strong  nitric  aci»l,  at  a tempera- 
ture below  0°,  is  not  oxidised,  but  decomposes  the  nitric  acid,  with  evolution  of 
nitric  peroxide  and  free  oxygen  (Schbiibein).  Silver  and  palladium  diaaoWod  in 
nitric  acid  without  In*at,  liberating  nitrous  anhydride,  or  nifroits  acid,  which  remains 
in  sfdution,  so  that  the  reaction  takes  place  without  evolution  of  gas.  Nitrous  an- 
hydride is  also  produced  when  ars/niou.$  anhydride  is  dissolved  in  nitric  acid.  Zinc, 
tin,  and  iron  dissolve  in  the  cold  dilute  acid,  wnth  production  of  nitrous  oxide,  N*0; 
but  if  a stronger  acid  is  used,  or  the  temperature  rises,  nitric  oxide  is  evolved.  Free 
nitrogen  alf*o  occurs  among  the  protlucts  of  the  violent  action  of  nitric  ncid  on  several 
of  the  metals.  Thus,  when  copper  is  dissolved  in  mcwlerutely  strong  nitric  ncid,  at  an 
increased  temperature,  the  evolved  nitric  oxide  gas  is  contaminated  with  nitrogen  ; 
whereas,  when  it  is  dissolved  in  weak  acid,  at  a low  temperature,  the  ga.s  is  contami- 
pated  with  nitrous  oxide.  Nitrogen  is  al**o  %*-i  fn'o  when  strong  nitric  iicul  is  decom- 
VoL.  I\’.  G 
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posod  by  red’hot  charcoal.  The  action  on  zinc,  tin,  iron,  and  aeTcral  other  metals,  is 
attended  with  formation  of  ammonia ; thus : 

9HNO*  + 4Zzn  = 4Zzn'N*0*  + 311*0  + H»X. 

Nitric  acid  converts  arsmites  into  arsenates,  /errout  into  ferric,  and  stannnvn  into 
stannic  salts.  In  the  concentrated  state,  it  rapidly  oxidises  fvlphurtms  into  sulphuric 
acid,  and  sulph^dric  acid  into  water  and  pure  sulphur;  but  with  weak  nitric  acid,  free 
from  nitrous  aciil,  tliis  action  ia  ver}*  gradual ; indeed,  pur»'  nitric  acid  is  altogether  a 
less  powerful  oxidiser  than  tliat  which  contains  nitrous  acid  or  nitric  peroxide  in 
Bolut'on. 

Hydriodic  acid  and  the  iodides  are  decomposed  by  nitric  acid,  with  libenition  of 
iodine  and  nitric  oxide  : 

3HI  + nS'O'  « 2IPO  -f  I>  + NO. 

IMnychhric  and  nitric  acids,  heated  together,  decompose  one  another,  yielding 
dichloridc  of  nitrosyl,  water,  and  free  ehlorine  : 

3Ha  + HNO*  « NOCl*  + 2ITO  + Cl. 


Nitric  acid  acta  with  ^at  enerpy  on  most  organic  bodies,  the  kind  of  action  varying 
according  to  the  strength  of  the  acid  and  the  temperature.  Dilute  or  moderately  strong 
nitric  acid  generally  exerts  an  oxidising  ac'tion,  especially  if  the  fempratnre  is  allowed 
to  rise,  the  final  products  being  in  most  cases  oxalic,  formic,  and  acetic  acids,  or  if  the 
action  be  pushed  to  the  utmost,  carbonic  anhydride  and  water:  picric  acid  is  also  a 
frequent  ultimato  product ; resinous  liodies  are  frequently  converted  by  nitric  acid  into 
Buccinic  acid.  The  intermediate  pn>ducts  are  very  numerous,  varying  according  to  the 
substance  acted  upon  : indi^  C"1DN0,  yields  isatin  C*H*NO*;  sug;ar  yields  saccharic 
acid ; gum  and  milk-sugar  yield  mucic  acid : oleic  acid  prields  a number  of  acids  of  the 
Bent'S  C"1D*0’,  and  (see  GmeNn's  IIandbt)oA‘,vh.  122).  The  strongest  pure  nitric 

acid,  especially  if  rise  of  temperature  bo  prevented,  acts  for  the  most  part  in  a different 
way,  displacing  one  or  two  atoms  of  hydre^en  in  the  compound,  and  introtlucing  an 
equal  nuinlx*r  of  atoms  of  nitn-1,  NO*,  in  their  place : thus  with  benzene,  C*H*,  it  forms 
nitrob*  nzenc,  C*H*(NO*);  with  ‘phenol,  C*H*0  ; nitrophenol,  C‘H*(N0*)O,  dinitro- 
phenol,  C*H\N0*)*0,  and  trinitropbenol  or  picric  acid,  C*H*(N0*)*0 ; with  cellulose^ 
C*H'*0*,  it  forms  trinitro-cellulose,  C*n*(N0*)*0,  &c. 

The  industrial  \u*es  of  nitric  acid  depend  upon  both  these  modes  of  action.  It  is  tho 
most  frequent  solvent  of  metals,  and  is  used  by  engravers  for  etching  designs  on  copper- 
plates; also  for  etching  on  steel  and  stone.  Tho  cleansing  of  oopp<*r  and  bronze,  the 
ivfining  and  assaying  of  gold  and  silver,  the  preparation  of  the  nitrates  of  copper,  silver, 
and  mercury,  and  numerous  analytical  operations  eonnecte<l  with  manufactures,  depend 
also  upon  tlie  oxidising  and  solvent  action  of  nitric  acid.  A mixture  of  nitric  and 
hydrochloric  acids  forms  aqua  regia  or  niCro^muriatic  acid,  uswl  for  dissolving  gold, 
pbitinnm,  and  other  metals,  and  alloys  not  attacked  by  nitric  acid  alone.  Tho  prepa* 
ration  of  oxalic  acid  and  of  picric  acid,  now  extensively  uswl  as  a yellow  dye  for  silk, 
likewise  depends  upon  tho  oxidising  action  of  nitric  acid.  Tins  last  substance  is  how- 
ever likewise  formed,  as  above  mentioned,  by  the  action  of  very  strong  nitric  acid  on 
phenol  or  carbolic  acid,  which  is  an  action  of  substitution.  The  preparation  of  nitro- 
benzene for  the  manufacture  of  aniline,  and  that  of  gun-cotton,  are  also  industrial 
applications  of  nitric  acid  of  daily  increasing  imj>ortnnc‘‘. 

XTitratea.  The  normal  nitrates  are  monometallic,  e.g.  nitrate  of  potassium  KNO*, 
nitrate  of  copper  Cu"N’0*  nitrate  of  bismutli  Ui‘"N*0*,  the  general  formula  being 
R(b)N"0*“  or  Il^B)0*.nN*0*,  the  symbol  R(oj  denoting  an  n-atomic  radicle.  There 
are  also  basic  nitrates,  most  of  which  are  derivable  from  the  normal  nitrates  by 
addition  of  1 or  2 molecules  of  oxide,  and  may  bo  represented  by  tho  general  formula 
e.g. 

Basic  nitrate  of  Mercurosum  . . Hhg*HNO*  — ■ HhgNO*.HhgHO 

Basic  nitrate  of  Mcrcuricum  . lihg*N*0*  -=[nhg'*N*0*.2nhg”0 


Basic  nitrates  of  I^ad 


iI‘?)>N=0*  = Pb"N'0*.2Pb"0 

< pI'H’N'O*  = Pb"N’0*.Pb"HK)» 


Basic  nitrate  of  Bismuth 


Bi>N>0'* } 
orBiNO'l 


These  basic  nitrates  might  be  called  orthonitrates,  l>eing  related  to  the  normal 
nitrates  in  the  same  roaoncras  the  orthophosphates,  R(b)PK)*",  to  the  motapbosphates, 
R(b)R*0**;  they  are,  however,  the  exceptional  salts,  whereas  amongst  the  salts  of 
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phosphoric  acid,  the  orthophosphates  are  the  ordinary,  and  the  metaphosphates  the 
exceptional  salts. 

OccurrftiCf  and  formation  of  JS’itra(f3. — 55everal  nitrates  occur  in  nature.  Nitrate  of 
•odium,  or  cubic  nitre,  exi.sts  in  distinct  layers  or  beds  beneath  the  superficial  soil  in 
many  parts  of  Chile  and  Peru.  Nitrate  of  pot^issium,  or  prismatic  nitre,  occurs  as  an 
efflorescence  on  tho  surface  of  the  soil  in  various  parts  of  India,  especially  in  the 
district  of  Tirrhut  in  Bengal.  Nitrate  of  calcium  is  produced  artificially  in  several 
countries  of  Europe  by  mixing  decomposing  vegr-tablo  and  animal  matters  wilh.cinders, 
chalk,  marl,  &c.,  moistening  the  masses  repeatedly  with  urine,  exposing  them  fr<H.‘ly 
to  the  air  for  two  or  throe  years,  and  lixiviating.  A similar  formation  of  nitrates 
occurs  in  the  so-called  saitjyrtre  rot,  or  efflorescence  which  sometimes  occurs  upon  tho 
old  walls  of  stables  and  other  badly  drained  buildings.  Nitrates  are  formed  wherever 
Ditrr^enLsed  organic  matters  in  contact  with  earthy  carbonates  or  other  bases  are  freely 
acted  upon  by  the  air.  Lumps  of  chalk  moistened  with  weak  ammonia  and  exposed  to 
the  air  nave  Wen  found  to  yield  nitrate  of  calcium;  but  it  is  doubtful  whether  the 
production  of  ammonia  is  a necessary  stage  in  tho  process  of  nilritication.  Tho 
shallow  well-waters  of  towns  nearly  always  contain  nitrates,  from  contamination  with 
sewer  or  cesspool  drainage,  &C.  But  many  natural  waters  obtained  from  strata  con- 
taining very  little  organic  matter  have  also  been  found  to  contain  nitrates.  Hence 
it  has  been  inferred  that  these  salts  might  be  produced  directly  from  tho  free  nitrogen 
and  oxygen  gases  dissolved  in  the  water,  the  porous  beds  through  wliich  it  filters 
•erving  to  effect  the  combination  by  an  action  resembling  that  of  spongy  platinum.  It 
most  W borne  in  mind,  however,  tWt  rain-water  always  contains  carbonate  and  nitrate 
of  ammonium,  and  that  these  ammoniacal  salts  may  tho  real  sources  of  the  nitratfs 
found  in  the  waters.  Nitrates  are  found  in  the  juices  of  plants,  particularly  in  tho^o 
with  large  fleshy  tuberose  roots,  and  are  probably  acquired  from  the  soil  by  direct 
imbibition. 

The  nitrates  of  potassium  and  sodium  are  obtained  in  a state  of  purity  by  frequently 
recrystallising  the  native  salts.  Nitrate  of  potassium  is  also  obtained  by  d(H*omposing 
crude  nitrate  of  calcium  with  wood-ashes,  and  by  decomposing  nitrate  of  sodium  with 
chloride  of  potassium.  The  other  metallic  nitrates  are  prepared  by  dissolving  different 
metals,  their  hydrates,  oxides,  or  carbonates  in  aqueous  nitric  acid,  and  crystallising  by 
evaporation. 

Prop^tifs. — Most  nitrates  arc  crj-stallino  salts.  Tho  normal  nitrates  are  all  soluble 
in  water;  their  solutions  are  for  the  most  part  neutral,  and  have  a cooling  saline  taste. 
The  crystallised  nitrates  of  ammonium,  potassium,  sodium,  barium,  strontium,  lead,  and 
silver  are  anhydrous ; that  of  niercurosum  is  monohydmted,  Hhg'NO*.H*0 ; thosi*  of 
cadmium,  calcmm,  and  probably  strontium  are  tetrahydnited,  c.ff.  Cea"N‘'0*.4H^0  ; 
and  those  of  magnesium,  zinc,  cobalt,  nickel,  iron,  manganese,  copper,  and  uranyl,  hex- 
hydrated,  c.ff.  Ccu"N*0*.6H*0.  Copper  also  forms  a trihydrated  salt,  Ccu"N'0*.3H*0. 
Most  nitrates  fu.se  reiidily,  and  all  decompose  when  strongly  heated.  The  nitrafe.s  of 
the  highly  basyloas  metals  at  first  give  off  nearly  pure  oxygen,  and  are  converted  into 
nitrites,  afterwards  a mixture  of  oxygen  and  nitrogen  gases,  together  with  some 
nitric  peroxide.  Other  nitrates,  which  decompose  at  a lower  temperature,  those  of 
mercury,  lead,  and  silver,  for  instance,  evolve  a mixture  of  nitric  peroxide  and  oxygen. 
A few  still  more  ousily  decomposiblo  hydmted  salts,  tho  trinitrates  of  aluminium  and 
bismuth,  for  instance,  evolve  unaltered  nitric  acid.  Ignited  nitrate  of  silver  loave.s  a 
residue  of  metallic  silver;  but  most  normal  nitrates  when  strongly  heated,  leave  residues 
of  oxide  analr^us  in  composition  to  original  salt ; thus  cupric  nitrate,  Cu"N*()‘, 
leaves  cupric  oxide,  Cu"0 ; tri-nitrate  of  bismuth,  Bi'^N’O*.  leaves  trioxide  of  bismuth, 
Bi"**0*;  ferrous  and  manganous  nitrates,  however,  leave  oxides  richer  in  oxygen  Uian 
those  wliich  correspond  to  the  original  salts,  viz.  Ffe^O*  and  Mmn*0*.  Nitrates  heated 
with  combustible  lK>die8  produce  a more  or  les.s  violent  deflagration  or  explosion.  The 
acid-forming  bodies,  metallic  or  non-metallic,  when  deflagrated  with  nitre,  leave 
potassium-  or  sodinm-salts  of  their  respective  acids  ; f.g.  selenium  ignited  with  nitrate 
of  potassium  forms  selenate  of  potassium,  K’SeO';  manganese  yields  manganutc  of 
potassium,  K*MmirO*. 

RfoctionB  $rrvivn  for  the  deUciion  of  iViYWc  acid. — 1.  All  nitrates  are  decomposed  by 
rulpkuric  add,  with  liberation  of  nitric  acid,  tlie  fumes  of  which  produce  a purple  dis- 
coloration on  atarch^paper  moistened  with  iodide  of  potassium. — 2.  In  contact  with 
metallic  copper  {"mro  or  turnings)  the  nitric  acid  is  reduced  to  nitric  oxide,  which  forms 
orange-coloured  fumes  in  tho  vessel  above  the  liquid. — 3.  Sulpliuric  acid  to  which  a 
fragment  or  solution  of  a nitrate  is  added,  acquires  the  property  of  bleaching  indigo. — 
4.  When  a solution  of  a nitrate  is  mixed  in  a test-tube  with  strong  sulphuric  acid,  the 
mixture  left  to  cool,  and  a strong  solution  oi  ft rr ova  aulpheiie  or  chloride  continually 
poured  upon  if,  so  as  to  float  on  the  surface,  the  iron  s<»lution  quickly  acquires  a dark- 
orown  colour  arising  from  the  formation  of  the  compound  of  nitric  oxide  with  the 
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foiTous  salt  alrcacljr  m{‘ntioned  (p,  C9).  If  only  a very  small  quantity  of  nitrate  is 
present,  a rose-coloured,  purplish-brown,  or  dark  brown  ring  is  formed  at  the  surface 
of  contact  of  the  two  liqums.  This  rciietion  is  extremely  delicate ; in  applying  it, 
however,  care  must  be  Utkeu  to  cool  the  liquid  before  pouring  in  the  iron  solution, 
because  the  dark  brown  compound  is  decomposed  by  heat,  nitric  oxide  being  evolvotl 
and  the  colour  destroyed.  — 6.  When  a solution  of  a nitrate  is  mixeil  wiili  a f**w  drops 
of  ferrocyanifh  of  jmtaMtnm,  tlien  witli  a small  quantity  of  Jiydrocliloric  acid,  the  liquid 
lieated  to  71®,  and  slightly  superKaturated  on  cooling  with  an  alkaline  carbonate, 
a iiilmferricyHnide  of  aikali-metal  (ii.  250)  is  formed,  and  tlic  filtered  liquid,  wliea 
mixed  wntU  a few  dro|»s  of  sulphidf  of  ammouium  or  other  alkaline  sulphide,  exhibits  u 
trjinsient  purj»le  or  violet  colour  W.  Davy,  Chem.Guz.  1850.  p.  219).— 6.  Nitrates 
heated  with  cx^'csa  of  hi/drocfiioru'  acid  give  otf  chlorine,  which  may  be  recognised  by  its 
odou?  ami  its  bleJtching  powers;  also  by  the  power  which  the  solution  acquin*s  of 
dissolving  gold  leaf. 

7.  When  nitrate  of  potassium  or  sodium  U heated  with  £inc,  tenhr^  and  excess  of 
potash,  ammonia  is  evoivf  d,  iUs  formation  arising  from  the  union  of  the  nitjx^en  con- 
taiued  in  the  salt  with  the  hydrogi  n evoIvt*<l  by  the  action  of  the  zinc  ou  the  pobish- 
solution.  This  method  doe.s  not,  however,  efll-ct  a complete  decomi'osition  of  the  nitric 
Acid;  mid  if  applied  to  a liquid  containing  only  small  quantities  of  that  acid,  w'ould 
not  give  certain  indications.  But  it  may  be  grwitly  facilitate<l  and  renderr*d  complete, 
by  the  iutroduetion  of  another  metal  not  acted  upon  by  the  potash,  so  as  to  form  a vol- 
taic circuit.  Thus,  when  zinc  and  iron  are  placed  together  in  a mod<‘mtely  strong 
solution  <»f  caustic  (>otash,  hydrogen  is  freely  disengaged,  even  without  the  application 
of  heat,  the  zinc  being  oxidised  ami  th<*  hydrogen  evolved  at  tlie  surfiU*e  of  the 
iron.  A similar  cflecl  is  observed  if  platinum,  copper,  or  tin  be  substitute<l  for  the 
iron;  but  with  these  metals  the  action  is  Icsa  oncigotie.  Tim  addition  of  a nitmto 
to  the  liqui«l  is  followcvl  by  an  iininciliate  evolution  of  ammonia.  To  apply  this 
ix'actiou  to  the  detection  of  xiilric  acid,  tlic  liquitl  to  be  examined  is  rcdueeil 
(o  a small  bulk  and  poured  into  a test-tube  containing  2 or  3 gnimuies  of  a inixturo 
of  gninulated  zine  and  clean  iron-filings.  A smml  quantity  (5  or  G cub.  cent.)  of 
strong  {Kitasli-Jiolution  is  then  added,  and  the  whole  is  heated  to  l>otling.  Ammonia 
may  tiieii  be  dctecttnl  at  the  mouth  of  the  tube  by  its  usmil  ebaraeters,  viz.  its  odour, 
its  alkaline  reaeti«'n,  and  the  formation  of  dense  white  fumes  when  a rod  di|q>cd  in 
diltib*  hydrochloric  acid  is  held  near  tiie  mouth  of  the  tube;  5 milligrammes  of  nitre 
thus  treated*give  a distinct  reaction  with  reddtuuHi  litmus.  The  delicacy  of  the  test 
may  be  greatly  incn*ascdby  the  use  of  poiassio-iodide  if  mtreury  {\\\o  solution  obtained 
by  adding  uxlide  of  potassium  to  corrosive  sublimate  till  the  scarlet  prccipitatu  first 
formed  just  rt-dUsolves),  which  produces  a red  or  brown  precipitate,  according  to  iho 
quantity  of  ammonia  present.  The  mixture  should  be  geutly  hcatinl,  and  the  cvolveil 
giiM'ft  ^yi.md  into  a small  quantity  of  diliito  liydix»clUoric  acid.  The  acid  solut'.on  U 
then  to  be  suporsiituratod  with  potash,  and  tested  with  a drop  of  jiotassio-iodido  of 
mercury  ; 0*001,  0 00U5,  and  even  0 0001  gramme  of  saltpetre  thus  tifated  gives  a 
distinct  red  coloration  (A.  Vernon  Harcourt,  Chem.  8oc.  J.  xv.  381).  Schulze 
(Chem.  Centmlblutt,  No.  53)  proceeds  in  a.  similar  manner,  but  uses  platinised  zinc  iu 
place  of  the  mixture  of  zinc  and  iron. 

ThU  method,  which  maybe  used  also  for  the  quantitativo  estimation  of  nitric  acid 
(p.  89),  serves  to  distinguish  that  acid  from  all  others  excepting  nitrous  acid. 

8.  .Strong  nitric  acid  converts  (or  carbolic  acid)  into  reddisli-brown  niln>-phe- 

nol.  To  apply  this  reaction  totne  detection  of  nitric  acid,  1 pt,  of  phenol  is  dissolved 
iu  1 ptfl.  of  strong  suinliuric  acid,  and  the  soluiion  is  diluted  with  2 pts.  of  water.  Tho 
Mul^Ktancc  to  be  testiHl,  if  in  solution,  is  evaponUtnl  ou  a iKirct  lain  crucible  or  its  cover, 
and  a drop  or  tw<»  of  the  phcnyl-sulplmrlc  acid  is  allowe<l  to  fall  upon  it  at  a tempem- 
tur»‘  of  about  100®.  If  nitric  acid  is  ptvsent,  a rtnldisU-bMwni  <Mlour  is  immediately 
produced.  This  trst  is  said  to  lx*  more  delicate  than  that  with  firrous  sulphate, 
having  given  a distinct  indication  of  the  presence  of  nitric  acid  in  the  residue  of  a drop 
of  waltT  not  c mtaining  more  than  0*0000o6  gramme  of  saltpetre,  whereas  four  such 
dro]w  were  not  suftieient  to  give  a pert'eptihlc  indication  with  the  iron  test.  If  organic 
uniters,  or  comjxmnds  of  cliloriue,  bromine,  or  icnlinc  ai'o  likewise  present,  from  whicli 
sulphuric  acid  would  .separate  carlx>n  or  the  haloids,  it  is  best  to  add  a dn>p  or  two  of 
strong  ammonia  to  the  coloured  product,  when  thelialo'uls  will  bo  dissolved  in  the  form 
of  colourless  salts,  and  the  carbon  will  nrmain  su.spende<l  in  small  jiarticles,  not  inter- 
firing  with  the  recognition  of  tlie  characteristic  yellow  colour  of  nit ropheny late  of 
ammonium,  (H.  Sprengel,  Chom.  tSoc.  J.  xvi.  396.) 

•Ml  the  reactions  above  described  arc  exhibited  by  nitrous  as  well  as  by  nitric  acid, 
and  even  with  grcalor  facility,  for  the  nitrites  are  more  easily  decomposiblc  limn  the 
niii.ifes,  and  nitrous  acid,  tliough  it  contains  less  oxygen,  is  a more  |x>werful  oxidising 
iige.it  than  nitric  acid.  The  nitrites  are  lu>wever  dislingnislie<l  from  nitrates  by  the 
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rpuftions  already  described  (p.  71).  According  to  D.  Price  (Chein.  .Soc.  J.  iv.  251 ), 
nitric  acid  free  from  nitrous  acid  does  not  decompose  iodide  of  potassium  or  produce  h 
brown  coloration  with  ferrous  .salts,  or  d^volorise  indigo,  these  fflTects  being  produced 
only  after  a portion  of  the  nitric  acid  Ima  l»eon  reduced  to  nitrous  by  warming  with 
sulphuric  acid.  The  reactions  with  indigo  and  hydrochloric  acid  (3  and  6)  are  likewise 
productsl  by  the  oiygeu-salts  of  chlorine,  bromine  and  iodine,  but  these  salts  are  easily 
distinguished  from  nitrates  and  nitrites  by  the  fact  that  they  leave  when  igoited  a 
residue  of  chloride,  bromide,  or  iodide  of  silver;  also  by  their  reaction  with  nitrate  of 
silver  and  many  others. 

Quantitfttive  Analyst  of  Sif  rates.  Estimation  of  Citric  acid. 

I.  Gbstimetkic  METJions.  I.  By  nnUratisation  with  Baryta. — The  quantity  of  free  . 
nitric  acid  in  an  Jiqueous  solution  may  be  detcrminofl  by  agitating  tlie  liquid  with 
«irU>oHte  of  bfirium  till  the  acid  is  completely  neutralised,  tiien  illtering,  evaporating 
to  dryness,  taking  care  not  to  heat  the  residue  too  strongly,  and  weighing  the  dry 
nitrate  of  l*arium  thus  obtained.  100  parts  of  this  sail  corres[x>nd  to  41'39  parts 
XKP.  and  48-28  parts  H^X=0". 

Or,  the  solution  of  nitrate  of  barium  m.iy  be  decomposed  by  sulphuric  acid,  tlie  pre- 
cipitated sulphate  of  barium  weighed,  and  the  equiralont  quantity  of  nitric  acid 
thence  determined.  100  parts  Ba'-'SO*  =*  46'35  parts  N*0*,  and  54  08  parts 

If  the  solution  of  nitric  acid  is  very  dilute,  so  that  it  decomposes  carbonate  of 
liarium  but  slowly,  it  is  bettor  to  neutmli.se  with  baryta-water,  then  puss  carbonic 
anhydride  though  the  liquid,  to  remove  any  excess  of  baiyta,  filter,  and  treat  the 
filteri'd  solution  of  nitrate  of  barium  as  above. 

When  nitric  acid  is  combinfsl  with  a base,  it  may  be  liberated  by  distilling  a 
s<^ntion  of  the  salt  with  sulphuric  acid,  in  the  proportion  of  at  least  1 at.  sulphuric 
acid  to  1 at.  of  the  nitrate.  The  mixture,  which  should  l>o  rather  dilute,  is 

distilled  from  a tubulated  retort  into  a n-ceiver  provided  with  efficient  means  of  con* 
deosatioD,  the  distillation  being  carried  nearly  to  dryness.  After  the  residue  has 
cooled,  more  water  is  added,  and  the  distilhition  is  repented  witli  a fresh  re^ieiver. 
The  quantity  of  nitric  acid  in  the  united  di.stillat08  is  then  determined  by  neutralisation 
with  l«aryta,  as  before.  With  the  proportion  of  sulphuric  acid  above  indicated,  and  a 
considerable  quantity  of  wafer,  there  is  no  reason  to  fear  the  reduction  of  any  portion 
of  the  nitric  acid  to  a lower  oxide  of  nitrogen. 

The  residue  in  the  retort  serve.s  for  the  estimation  of  the  base.  In  tlio  case  of  the 
stronger  basc-s,  viz.  tlie  alkalis  and  alkaline  earths,  w'hosc  sulphates  can  sustain  a red 
heat  without  decomposition,  this  residue  may  bo  heated  till  all  the  excess  of  sul- 
phuric acid  is  driven  off,  the  expulsion  of  the  last  portions  being  facilitated  by  placing 
a piece  of  carbonate  of  ammonia  in  the  crucible.  A neutral  sulphate  thou  remains,  from 
which  the  quantity  of  base  may  be  calculated,  and  this,  deducted  from  the  total  wvight 
of  the  anhydrous  nitrate,  gives  also  the  quantity  of  nitric  anhydride.  The  weaktT 
bas«^  whose  sulphates  are  decomposed  by  ignition,  must  be  determined  by  precipitation 
in  the  manner  spc-cially  adapted  to  each. 

The  following  methods  of  separating  nitric  acid  from  bases  may  also  be  adopted  in 
particular  case.s. 

Nitrates  whose  bases  are  precipitat’d  by  baryta-water  and  are  insoluble  in  excess  of 
that  reagent,  may  be  analysed  by  bulling  them,  either  in  the  solid  state  or  in  solution, 
with  excess  of  baiy  ta-water,  then  filtering,  removing  the  excess  of  baryta  by  carbonic 
anhydride,  and  determining  the  qmmtity  of  nitrate  of  barium  in  the  filtrate  us 
above. 

Some  nitrates,  as  those  of  lead,  copper,  l.usmuth,  &c.,  may  be  decomposed  by 
sulphydric  acid,  the  metal  being  precipitated  as  sulphide,  caro  being  taken  to  dilute 
the  solution  and  not  to  use  a large  excess  of  sulphydric  acid  : otherwise  sulphur  may 
be  precipitated,  and  part  of  the  nitric  acid  converted  into  ammonia.  The  filtrate, 
contAiniug  the  whole  of  the  nitric  and  a small  quantity  of  sulphydric  acid,  is  mixed 
with  baryta-water;  a stream  of  carbonic  anhydride  is  then  passed  through  it,  to  pre- 
ripitate  the  excess  of  baryta  and  expel  the  sulphydric  acid ; the  liquid  i^ain  filtered ; 
and  the  filtered  solution  of  nitrate  of  barium  treated  as  above. 

In  other  casies,  the  bases  may  bo  precipitated  by  an  alkaline  sulphide,  best  with 
sulphide  of  barium.  The  liquid  filtered  from  the  precipitated  metallic  sulphide  then 
contains  nitrate  of  barium  and  excess  of  sulphide  of  barium,  and  may  be  treated  in  the 
manner  just  described. 

From  nitrate  of  barium,  the  base  may  bo  precipitated  bv  sulphuric  acid ; from  the 
nitrates  of  strontium  and  calcium,  by  sulphuric  acid  an({  alcohol.  The  filtrate  is 
neutralised  with  baryta-water,  and  the  nitric  acid  determined  as  above. 
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From  the  nitrates  of  ammoDUim,  potan.'tmm,  soilium,  lithium,  and  magnesium, 
t)ie  nciil  is  most  cosily  separated  by  distiliation  with  eulphuric  acid,  aa  already 
described. 

2.  Hi/  the  togs  nf  Wright  aujstahud  hy  Nitrata  on  ignition. — All  nitrates  are  decom- 
posed by  heat,  tlic  nitrogen  being  wholly,  the  oxygen  sometimes  partly  and  sometimes 
wholy  expelled,  and  the  base  renutining  either  us  un  oxide  or  as  metal.  Silver,  pal- 
ladium, and  other  noble  metals  are  left  in  the  metallic  state  when  their  nitrates  arc 
heated  to  r«‘dnes8;  lead,  bismuth,  copper,  cadmium,  xinc,  nickel,  mtignesium  and  one  or 
two  of  the  rarer  metals,  remain  as  protoxides,  M"0.  lu  the  former  case,  if  the  salt  is 
anhydrous,  the  loss  of  weight  sustained  on  ignition  consists  of  N*0",  in  the  lalterof  N*0*  ; 
hut  in  many  cases,  as  with  the  proto-salts  of  iron,  cobalt,  and  manganese,  the  result  ia 
complicated  by  the  formation  of  an  oxide  of  higher  degree  of  oxidation  than  that  which 
may  bo  supposed  to  exist  in  the  original  ssilt.  The  nitrates  of  the  alkali-metals  and 
alkaline-earth-mctals  part  with  the  whole  of  their  nitric  anhydride  when  verj*  strongly 
ignited,  leaving  the  bases  M*0  or  M"0 ; but  these  bases  can  scarcely  be  prevented 
from  absorbing  small  quantities  of  carbonic  acid  from  the  air  during  the  process,  or  as 
they  cool ; moreover,  they  attack  all  vessels  in  which  the  ignition  can  be  performed, 
uniting  partly  with  their  substance;  hence  the  amount  of  acid  in  these  nitrates  cannot 
bo  conveniently  determined  by  ignition. 

According  to  Schaffgotsch,  the  amount  of  acid  in  a nitrate  may  be  easily  deter- 
mined by  igniting  a finely  pulverised  mixture  of  the  salt  with  anhydrous  lK)rux  in  a 
platinum  crucible,  taking  care  to  raise  the  heat  gradually.  The  loss  of  w’cight  then 
gives  the  amount  of  nitric  anhydride. 

Reich  (J.  pr.  Chem.  Ixxxiii.  262)  estimates  the  amount  of  nitric  acid  in  alkaline 
nitrates  by  igniting  them,  mixed  with  from  4 to  G times  their  weight  of  pounded 
quartz;  the  loss  of  weight  then  also  gives  dirt'cUy  the  quantity  of  anhydride, 

3.  By  ctmviTsion  of  niimtea  into  chlorides. — The  nitrates  of  the  alkali-metals  and 
alkaline-earth-metals  may  be  converted  into  neutral  chlorides,  of  perfectly  definit« 
composition,  by  igniting  them  in  u covered  platinum  crucible  with  excess  of  chloride  of 
ammonium,  as  long  as  fumes  of  sal-ammoniac  continue  to  esc4ipe,  the  operation  being 
repeated  till  the  weight  of  tho  residual  chloride  becomes  constant.  The  quantity  of 
boM  is  then  determined  by  calculation,  and  from  this,  the  quantity  of  nitric  acid  in  tho 
salt. 

The  chlorides  of  most  of  the  heavy  metals  suffer  partial  decomposition  when  ignited, 
especially  in  contact  with  moisture. 

4.  By  the  action  of  Aracnious  anhydride. — Nitric  acid  converts  arseniouB  into  arsenic 
anhydride,  according  to  the  equation, 

As*0*  + 2HNO>  « As»0*  + 2HNO* 

Hence  for  every  molecule  of  arsenic  anhydride  produced,  two  molecules  of  nitric  acl«l 
( HNO’)  must  be  decomposed.  To  apply  this  reaction  to  the  estimation  of  nitric  acid,  tli<^ 
salt  to  be  analvsed  (which  must  nut  contain  Lime  or  phosphoric  acid)  is  mixed  with  threo 
times  its  weight  of  arsenious  anhydride  ; tho  whole  dissolved  in  strong  hydrochloric 
acid;  the  solution  evaporated  to  dryness;  ammonia  added  in  excess;  and  the  arsenic 
precipitated  by  addition  of  sal-ammoniac  and  sulphate  of  magnesium,  as  amTHonio-mag- 

neaian  aratniale,  which,  when  dried  at  100°,  has  the  composition  (NH^)*Mmg*As*0*.  11*0. 
From  the  weight  of  this  salt,  the  amount  of  nitric  acid  is  calculated  by  tho  proportion, 

(NH’)*Mmg*A8»0*.H*0  ; 2HNO*  - 372  : 126. 

Estimation  of  Water  in  Nitratra. — In  thehydrated  nitrates  of  the  stronger  bases,  tho 
amount  of  water  is  easily  determined  by  heating  them  to  100°,  the  water  being  then 
completely  expelled  without  any  loss  of  acid.  Rut  the  nitrates  of  the  weaker  bases 
cannot  bear  this  temperature  without  decomposition,  and  in  these  the  water  must  bo 
determined  at  the  same  time  as  the  nitrogen,  by  igniting  the  nitrate  in  a combustion- 
tube,  at  the  open  end  of  which  is  placed  a quantity  of  cupper  turnings,  and  attaching 
to  the  combuBtion-tubo  a drying  tunc  containing  chloride  of  calcium,  in  the  same  man- 
ner as  for  organic  analyses.  On  heating  the  tube,  the  water  and  nitric  anhydride  are 
driven  off ; the  water  collects  in  the  chloride  of  calcium  tube,  tho  increase  of  weight 
of  which  determines  its  quantity ; and  the  nitric  anhydride  is  reduced  by  the  red-hot 
copper  to  pure  nitrogen,  which  passes  on  and  may  be  collected  over  mercury  and 
measured. 

Srjtaration  of  Bitratca  from  Chloridta. — All  chlorides  containing  metals  which  form 
insoluble  phosphates,  may  be  separated  from  nitrates  by  heating  the  solution  containing 
tht  m with  phosphate  of  silver.  A trace  of  that  »ilt,  which  remains  in  solution,  may 
l>e  easily  determined,  and  in  some  cases  separated  by  means  of  alcohol  Lassaigne 
has  employed  this  meihod  for  separating  the  chlorides  of  magnesium  and  calcium  fir^ 
the  corres}>onding  nitrates  in  well-waters. 
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In  6omo  cas<*«,  carbonate  of  silver  is  a more  convenient  precipitant  than  the  phog- 
pbate«  capecialiy  for  separating  the  chlorides  of  the  alkaline  carth-metals  and  of  mag- 
nesium from  the  corrcNponding  nitrates.  In  other  cases,  however,  the  carbonate  can- 
not be  used,  because  a great  number  of  oxides  ar»>  precipitated  by  it 

The  chlorides  of  the  olkali-mctuls  cannot  be  sepanited  from  the  nitrates  by  this 
tnethod,  because  the  phosphates  of  those  bases  are  soluble.  The  method  most  generally 
adopted  for  estimatiugthe  quantity  of  chlorides  contained  in  alkaline  nitrates,  esj>ecially 
in  crude  saltpetre,  is  to  precipitate  the  chlorine  by  nitrate  of  silver,  and  determine  its 
amount,  either  by  collecting  and  weighing  the  precipitate,  or  by  the  volumetric  method 
with  chromate  of  potassiom  (i.  266). 

II.  VoLi'METRic  METHODS.  1.  Bj  neutralisation.  See  Analtsis,  Volumrtbic 
(i.  261). — If  sulphuric  acid  is  the  standard  acid  used,  and  the  number  of  bundte  divi- 
sions of  the  standard  alkaline  solution  rw^uired  to  neutralise  equal  weights  of  the 
standard  sulphuric  acid  and  of  the  nitric  aad  to  be  tested,  are  denoted  by  p and 
then  tho  quantity  of  nitric  acid  (HNO*)  contained  in  100  parts  by  weight  of  the  acid 
under  examination  is  given  by  the  formula 

» = 100  . ^ - 128-57 

A'd  p p 

If  for  example  p » 22  and  p*  ^ 50,  then  x » 56*5,  or  100  grammes  of  the  acid 
contain  56*5  grammes  of  real  nitric  acid.  The  percentage  of  nitric  anhydride  will  bo 
found  by  substituting  54  for  63  in  the  preceding  formula. 

2.  Bj/  the  oxidation  of  Ferrous  salts  (Pelouze’s  process). — A ferrous  salt  ln*ated 
with  nitric  acid  is  converted  into  a ferric  salt,  with  evolution  of  nitric  oxide,  every 
3 at.  iron  (Ffe  » 56)  thus  further  oxidised  correspoudiug  to  1 at.  nitric  acid  decom- 
posed ; 

6FfeO  + 2HNO>  - 3Ffe’0*  + 2NO  + H^O. 

A quantity  of  pure  iron  (harpsichord  win*),  more  than  can  be  converted  into  ferric 
oxide  by  the  nitric  acid  to  be  estimated,  is  dissolved  in  excess  of  hydrochloric  acid,  con- 
tained in  a long-necked  flask ; a known  weight  of  the  nitric  acid  or  nitrate  to  be  testtnl  is 
then  added,  and  the  whole  boiled  till  the  liquid  acquires  a clear  yellow  colour.  It  is  then 
diluted  with  water,  and  the  excess  of  iron  still  present  as  feirous  salt  is  estimated  by 
means  of  a standard  solution  of  permanganate  of  potassium,  as  described  under 
Analysis,  Volumbtkic  (i.  263). 

This  process  is  well  adapted  for  analysing  mixtures  of  sulphuric  and  nitric  acids 
used  in  the  manufacture  of  gim-cotton,  for  mixtures  of  nitric  acid  with  water,  and  is 
much  used  for  the  valuation  of  saltpetre.  To  ensure  accuracy,  access  of  air  to  the  flask 
most  bo  carefully  avoided,  as  the  nitric  oxide  which  is  generated  would  be  thereby 
converted  into  a higher  oxide  of  nitrogen,  and  thus  peroxidise  a further  portion  of  tho 
iron.  Other  sources  of  error  are  the  reduction  of  a portion  of  the  permanganic  acid  by 
nitric  oxide  remaining  in  the  liquid,  and  the  escape  of  nitric  acid  without  having  acted 
on  the  iron  solution.  To  obviate  these  sources  of  inaccuracy,  Fresenius  (Ann.  Oh. 
Fharm.  cvi.  217)  recommends  the  following  method  of  operating.  A long-necked 
tubulated  retort,  having  a capacity  of  about  200  cubic  centimetres,  being  placed  with 
its  neck  inclined  slightly  upwards,  about  P5  grammes  of  pure  irem  wire  is  introduced 
into  the  bulb,  and  from  30  to  40  cubic  centimetres  of  pure  fuming  hydrochloric 
acid  is  poured  in.  A stream  of  hydrogen  gas,  previously  washed  with  potash-ley,  is 
then  passed  into  the  retort  by  a glass  tube  passing  through  the  tubulure,  and  entering 
the  retort  to  the  depth  of  about  half-an-incb,  and  the  neck  of  the  retort  is  connecUd 
with  a U-tube  containing  a small  quantity  of  water.  The  bulb  of  the  retort  is  sunk 
in  a water-bath,  and  heated  gently  till  the  iron  is  completely  dissolved.  The  solution 
is  left  to  cool  in  the  current  of  hydrogen  ; the  current  is  then  strengthened,  and  a 
quantity  of  the  nitrate  to  be  test^  (not  exceeding  0*4  gramme  for  saltjx‘tr»')  having 
been  weighed  out  in  a small  test-tube,  is  introduce,  together  with  the  tube,  through 
the  neck  of  the  retort  into  the  bulb.  The  connection  of  the  neck  of  the  retort  with  the 
U-tobe  is  then  restored ; the  contents  are  heated  in  the  wntcr-bath  for  a quarter  of 
an  boar;  the  retort  is  then  removed  from  the  water-bath,  and  heutfd  over  a lamp 
to  brisk  ebullition,  till  the  solution,  which  is  at  first  dork-coloured  from  absorption 
of  nitric  oxide  gas,  has  acquired  the  light  brown  colour  of  ferric  chloride,  ufler 
which  the  boiling  is  continu^  for  a few  minutes  longer.  Care  must  bo  taken  not  to 
allow  any  portion  of  the  salt  to  dry  on  the  sides  of  the  retort.  Before  the  boiling  is 
arresud,  the  stream  of  hydrogen  must  be  accelerated,  to  prevent  air  from  entering 
through  the  U-tube  os  the  boiUng  ceases.  The  solution,  after  cooling  in  tho  current  of 
hydro^n,  is  largely  diluted  with  water,  and  the  quantity  of  iron  still  remaining  as  fer- 
rous mlt  is  determined  by  means  of  permungsn.ite  or  chromate  of  potassium. 

A modiflcutloii  of  this  process  pressed  by  C.  D.  Braun  (J.  pr.  Chem.  Ixxxi.  421) 


88 


NITROGEN:  OXIDES  AND  OXYGEN-ACIDS. 


consists  in  boiling  the  nitrate  with  an  acid  solution  of  ferrous  chloride,  in  an  atmos- 
phere of  carl>onic  anhydride,  till  all  the  nitric  oxide  is  drawn  off,  then  w’armiug  the  so- 
lution with  iodide  of  potassium,  whereby  iodine  is  »eparaU*d,  according  to  the  equation — 
rfeCl>  + KI  = FfeCP  + KCl  + I. 

and  estimating  the  lib<*rated  iodino  by  means  of  sulphurous  acid  or  hyposulphite  of 
sodium. 

Schlosing' s iMthod. — This  metliod,  also  founded  on  the  reducing  action  of  lx)iling 
hydrochloric  acid  and  ferrous  chloriile  on  nitrates,  consists  in  collecting  the  nitric 
oxide  cTolved  in  the  waction  over  milk  of  lime,  to  free  it  from  any  hydrochloric  acid 
that  may  pass  over  with  it,  carefully  preserving  it  from  contact  of  air,  tlien  tnuieferring 
it  into  unotluT  tchscI,  and  converting  it  into  nitric  acid  by  mixing  it  with  oxygen  in 
a vessel  containing  wafer;  the  quantity  of  this  acid  is  then  determinwl  volumefrically 
by  means  of  a standard  solution  of  lime  in  sugar-water.  This  m«'thod  has  the  advan- 
tage of  not  being  affected  by  tlu*  presence  of  organic  matter  — wliich  would  vitiate  the 
result  obtained  by  Pelouzo’s  process,  by  reducing  a portion  of  the  permanminie  acid 
UKod  to  oxidise  the  ferrous  salt  and  making  the  amount  of  nitric  acid  come  out 
too  small.  It  has  bt'cn  applied  by  Schidsing  to  the  determination  of  nitric  acid  in 
tobacco;  but  it  is  difficult  of  execution,  and  not  generally  applicable.  (Chem,  Gaz. 
1854,  p.  398.) 

3.  Jiff  the  reducing  action  of  Mcrcurg  (Crum,  Ann.  Ch.  Pharm.  Ixii.  233). — This 
method  resemblc.s  tlie  last,  inasmucli  ns  it  depends  on  the  collection  of  the  nitric  oxide 
evolved  in  the  reaction,  but  differH  from  it,  in  completing  the  determination  by  the 
dir»vt  measurement  of  this  gas,  instead  of  by  its  reconversion  into  nitric  acid.  A 
weighed  quantity  of  the  nitrate  is  introduced  into  a graduated  glass  tube  filltni  with 
menury,  and  standing  over  mercury  ; a quantity  of  water  sufficient  to  di.'»solve  the  salt 
is  then  passed  up,  and  lastly  a largo  excess  of  strong  sulphuric  acid.  The  nitric  acid 
thus  set  free  is  rcducc<l  by  the  mercury  to  nitric  oxide,  which  collects  at  the  top  of  the 
vessel,  the  decomposition,  accelerated  by  occasional  agitation,  being  complete  in  alx>ut 
two  bount.  The  level  of  the  sulphuric  acid  is  then  read  off,  and  a warm  concentrated 
solution  of  ferro’is  sulphate  is  passetl  up  to  the  top  of  the  liquid.  This  absorbs  the 
whole  of  the  nitric  oxide,  leaving  only  a small  q^uantity  of  nitrogen,  arising  from  air 
left  in  the  tube.  The  volume  of  gas  absorbed  is  then  observed,  and  the  amount  of 
nitric  acid  in  the  salt  thence  determined  by  calculation.  This  method,  which  gives 
exact  results,  has  been  applied  by  Crum  to  the  determination  of  nitric  acid,  not  only  in 
saltpetre,  tmt  al»o  in  gun-cotton,  after  it  had  U’cn  ascertained  that  the  pres»‘nce  of  organic 
matter  did  not  interfere  with  the  liberation  of  the  nitric  oxide.  To  introduce  the  gun- 
cotton. and  likewise  pulverulent  substances,  above  the  mercury.  Crum  encloses  them  in 
a tmall  glass  tube.  H.  Rose  recommends  wrapping  them  in  filtering  piiper. 

4.  lig  the  reducing  action  of  copper  at  a rtd  htat. — Wlicn  the  vapours  evolved  by 
igniting  a nitrata  are  passed  over  red-hot  metallic  copper,  the  copper  takes  up  tho 
whole  of  the  oxygen  and  lilierates  the  nitrogen,  wliich  may  be  collected  and  measured 
over  mercury.  The  apparatus  u.sed  and  the  mode  of  operating  arc  the  same  as  in 
Dumas’  method  for  the  absolute  detennin.ition  of  nitrogen  in  organic  bodies  (see 
Analysis,  OkOAXir.i.  242).  1 part  by  weight  of  nitrogen  corresponds  to  3-867  parts  NO*. 

If  the  nitrate  contains  water,  a chloride  of  calcium  tube  must  be  inserted  l>etween 
the  oombu.stion-lube  and  the  gas-delivc  iy  tube,  in  order  to  absorb  the  water,  ami  deter- 
mine its  amount  by  weight. 

5.  Tig  comrrtion  into  Ammonia. — Nitric  acid,  as  already  observed  (p.  84),  is  con- 
verlevl,  by  the  action  of  nascent  hydrogen  evolved  by  the  action  of  zinc  on  dilute 
ai-ids  or  on  solution  of  potash,  into  ammonia,  each  molecule  of  ammonia  produced 
corresponding  to  1 moh  cule  of  nitric  acid  : 

IINO>  + H»  - NH>  + 3H’0. 

The  reaction  may  be  applied  in  various  ways  to  the  estimation  of  nitric  acid. 

a.  Martin's  method. — The  salt  or  solution  containing  the  nitric  acid  (after  being 
boiled  with  exceH.H  of  potash,  to  expel  any  ammonia  that  may  be  present),  is  treated 
with  washed  metallic  zinc  and  sulphuric  or  hydrochloric  acid  ; and,  after  tlio  reaction 
is  hiiishcil,  the  liquid  is  distilbnl  with  potash,  to  expel  the  ammonia,  which  is  either 
rstirauteil  volumetricalJy  by  means  of  a standard  acid  liquid,  or  received  in  a bulb- 
apparatus  containing  hydrochloric  acid,  and  subsequently  precipitated  by  plutinic 
diioride.  A considerable  quantity  of  zinc  must  be  used,  equal  to  at  least  four  times 
the  weight  of  the  nitric  acid  to  be  estimated,  because  a portion  of  the  hydrogen  always 
c-scapes  in  the  free  state  without  acting  on  the  nitric  acid.  The  reaction  is  not  inter- 
fen*ii  with  by  the  presence  of  nitrogenous  organic  bodies,  such  as  uric  acid,  quinine, 
the  Oigiinic  matters  in  mineral  waters,  &c. ; gelatin  retards  it,  but  docs  not  interfere 
with  the  final  result. 
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b.  Harcour(*t  method  (Chem.  Soc.  J.  xv.  383). — In  this  process,  the  hydrogen  is 
evolved  by  the  action  of  caustic  potash  solution  on  zinc  in  contact  with  iron  (p.  157). 
A standa^  solution  of  sulphuric  acid  is  used  for  the  collection  and  determination  of 
the  ammonia,  the  excess  of  acid  employed  being  finally  detenninwl  by  means  of  a 
standard  solution  of  caustic  potash.  Ortho  ammonia  maybe  condensed  in  hydro- 
chloric acid  and  precipitated  by  chloride  of  platinum  ; but  the  volumetric  method  gives 
perfectly  exact  n*sulls.  The  result  is  not  aficcled  by  the  presence  of  sulphate  of 
potAAsium  or  chloride  of  sodium. 

For  the  estimation  of  nitric  acid  in  other  than  alkaline  nitrati*s,  it  is  sometimes 
advisable  to  separate  the  base  before  proc<reding  to  determine  the  nitric  acid  as  above. 
Nitrate  of  barium,  when  directly  submittid  to  this  method  of  analysis,  gives  perfectly 
good  results ; but  nitrate  of  lead  showed  a slight  deficiency  in  the  amount  of  nitric  acid, 
due  pn^bably  to  an  action  of  dissolved  oxide  of  lead  on  the  surface  of  the  zinc. 

6.  liy  nduction  to  Nitric  Oxide  and  subsequent  conitrsi(m  of  that  compoufid  into 
Ammonia. — The  conversion  of  the  nitric  acid  into  nitric  oxide  is  eflfected,  as  in  I’e- 
louze's  method  (p.  86),  by  boiling  the  solution  of  the  nitrate  with  ferrous  chloride 
and  free  hydroclxioric  acid  ; and  the  nitric  oxide  is  converted  into  ammonia,  either  by 
passing  it  mixed  with  hydrogen  over  platinum-spouge  heated  nearly  to  redness : 

NO  + H*  - NH»  + fl*0, 

by  which  method,  however,  the  conversion  into  ammonia  is  completely  efifected  only 
when  the  quantity  of  nitric  oxide  present  is  very  small,  that  is  to  say,  when  onl^  a 
small  quantity  of  nitrate  is  opt'rated  on;  or,  secomlly,  and  more  effectually,  by  passing 
the  nitric  oxide  mixed  with  sulphydric  acid  gas,  over  nearly  red-hot  soda-lime: 

2NO  + 3H*S  + 2CcaO  « 2NH>  + CcaSO*  + CcaS*. 

In  either  case,  each  molecule  of  ammonia  produced  corresponds  to  one  molecule  of 
nitric  oxide,  and  therefore  also  (p.  87)  to  one  molecule  of  nitric  acid.  The  ammonia 
produced  by  the  reaction  is  collected  in  an  absorption-apparatus  in  a measured  quantity 
of  standani  sulphuric  acid,  and  the  excess  of  acid  used  is  determined  by  u standnid  ulkit- 
line  solution.  This  process  was  deviso<l  especially  for  the  estimation  of  small  quantities 
of  nitric  acid  oxistirg  in  plants,  soils,  waters,  &c.  From  10  to  100  grammes  of  the  sub- 
stance (or  of  the  residue  obtained  by  evaporating  the  wnU*r)  is  exhausted  with  boiling 
water,  and  the  concentrated  solution  is  treated  as  above  described.  (G.  Vi  lie,  Compt. 
rend.  xi.  039  and  987-) 


Metalfio  Nitrates, 

NiTnxTE  OF  AtrictxirM. — The  normal  salt,  Air'N*0*9l£*0,  ciy’stalliscs  from  a 
concentrated  solution  of  hydrate  of  aluminium  in  nitric  acid,  in  obliqne,  rhombic,  very 
short  prisms,  which  melt  at  73®,  solidify  to  a cry  stalline  mass  on  cooling,  deliquesce  in 
the  air,  and  dissolve  very  easily  in  water  and  in  nitric  acid.  Half  an  ounce  of  the 
pulverised  cty'stals  mixe<l  with  an  equal  weight  of  acid  carbonate  of  sodium  or  ammo- 
nium, product  on  solution  in  water,  a fall  of  temperature  from  + 10  5®  to  — 23-3'^ 
(Ordway,  Ann.  Cb.  Pharm.  lxx^*i.  247  ; see  also  Salm-Horstmar,  Jahresb.  1850, 
p.  301).  This  salt  treated  with  hydrate  of  aluminium  appears  to  yield  a series  of  basic 
salts  analogous  to  the  basic  ferric  nitrates  (p.  94)  (Ordway).  Herzelius  obtained 
a basic  nitrate  of  aluminium  in  the  form  of  a pasty  mass  by  precipitating  the  neutml 
salt  with  ammonia. 

Nitrate  of  Ammonium.  (NH*)NO*.  Nitrumjlammans.  (See  Ammoxiacai. 
Salts,  i.  192.) 

Nitrate  of  Barium.  BaNO*  or  Bba*N*0*.  Jlaryta-saltpetre. — Prepared  by 
treating  the  solution  of  sulphide  of  barium  or  the  native  carbonate  {IVithrrite)  with 
dilate  nitric  acid,  or  by  precipitating  the  solution  of  the  sulphide  or  chloride  with  nitrate 
of  sodium.  It  crystallises  in  regular  octahedrons  and  combinations  of  that  form  with 
others  of  the  regular  system,  especially  the  cube.  The  crystals  are  permanent  in 
the  air,  white,  transparent,  or  translucent,  have  a specific  gravity  of  3’1848  (Kars ten), 
and  a sharp,  saline,  bitter  taste ; decrepitate  when  heated,  and  melt  at  a comparatively 
low  temperature.  At  a red  heat  the  salt  decomposes,  giving  ofiT oxygen,  nitrogen,  and 
nitric  peroxide,  and  leaving  a residue  of  pure  baryta.  It  detonates  slightly  with  com- 
bustible bodies,  and  decomposes  with  a yellowish  light  when  thrown  on  glowing  coals. 
It  dissolves  in  water  with  slight  depression  of  temperature.  1 pt.  of  the  salt  dissolves 
in  20  pts.  water  at  0® ; in  12'5  pts,  at  16®;  in  6'9  pts.  at46°;  in  3 4 pts.  at  86®; 
and  in  2 8 pts.  at  106®  (Gay-Luasae).  According  to  Karsten,  it  dissolves  in  11*66 
pts.  water  at  20®,  forming  a solution  of  specific  gravity  1 0678.  In  water  containing 
nitric  acid  it  is  much  less  soluble,  so  that  a neutral  solution  from  which  nothing  will 
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crystallUo  yields  an  additional  crop  of  crystals  on  addition  of  nitric  acid:  henco  also 
the  necessity  of  using  dilute  nitric  acid  in  preparing  the  salt  from  the  carbonate,  &c.  in 
strong  nitric  acid  it  is  quite  insoluble  ; also  in  alcohol. 

From  a solution  cooled  to  between  12®  and  0®,  Hirzel  (Zeitachr. f.  Pbarm.  1864, 
p.  49)  once  obtained  a hydrated  salt  containing  Bba"N*0*  2H*0. 

An  atxto-niirate  of  barium^  Bba"(N0*)(C’H*0’).4HK),  is  obtained  by  dissolring 
acetate  of  barium  in  excess  of  the  nitrate,  and  crvstallisee  from  the  mother-liquor  after 
the  excess  of  nitrate  has  separated,  in  large,  right,  rhombic  prisms.  (Lucius,  Ann. 
Ch.  Pharm.  ciii.  113.) 

NithatbsofBismvth.  The  normal  salt,  Bi"^K)*.6H*0  orBi*O*.3N*O*.10H*O, 
is  obtained  by  dissolving  the  pulverised  metal  or  the  oxide  or  carbonate  in  moderately 
strong  nitric  acid.  The  concentrated  solution,  which  corrodes  paper,  and  must  there- 
fore be  filtered  through  asbe^stos  or  pounded  glass,  deposits  the  salt  on  evaporution  in 
large  crystals,  which  are  very  deliquescent,  extremely  caustic,  and  melt  in  their  water 
of  cryst^isation  when  gently  beat^. 

Basic  salU. — A bismuth-nitrate  having  the  composition  2Bi"7?0*.H^0  = | ^ 

or  Bi*0*.N’0Ml*0,  is  obtained  by  heating  the  normal  salt  to  78°  (Graham,  Anu.  Ch. 
Pbarm.  xxix.  16),  to  150°  Gladstone  (Chem.  Soc.  Mem.’ iii.  480).  According  to 
Ruge  (Jabresb.  1862,  p.  163),  the  normal  salt  heated  for  a certain  timo  to  78®  leaves 

the  basic  salt  Bi"7IOMINO*=^®Q^,|o*  or  Bi’0*.2N*0MIK) ; but  if  it  be  kept  at 

that  temperature  till  it  no  longer  Iosifs  weight,  the  residue  consists  of  2Bi'"K0Ml‘0. 

The  acid  solution  of  the  normal  salt  is  decomposed  by  water,  with  precipitation 
of  a white  basic  salt  formerly  called  magistery  of  bismuth.  The  comjxisition  of  this 
precipitate  is  variously  stated  by  different  chemists,  and  appears  to  vary  according  to 
the  quantity  of  water  added,  and  the  length  of  time  for  which  the  washing  is  con- 
tinue. According  to  Ruge  (/oc.  cii.)  it  consists  mainly  of  the  salt  Bi"N0Ml’0 
or  BP0*.N^(P,2H*0,  mixed  with  variable  quantities  of  ,BP0*.2BiN0'.H*O  or 
2BiK)*.N^(P.H^O,  the  proportion  of  the  latter  increasing  with  the  quantity  of  wash- 
water  used.  (See  also  Haudw.  d.Chem.  vii.  176.) 

Nitbatb  of  Cjbsiux,  CsNO’.  See  C^sirH  (i  1115). 

Nitbatb  of  Cadhiitx.  CdN0*.2H*0  or  Ccd'^0*.4H*0. — Tufts  of  needles  and 
prisms  which,  according  to  Meissner,  deliquesce  in  the  air,  dissolve  iu  alcohol,  but  without 
colouring  the  fiame.  According  to  Ordway  (Sill.  Am.  J.  12]  xxvii.  14),  the  salt  melts 
at  59*5®,  boils  at  about  132®,  and  remains  clear  and  mobile  on  prolonged  boiling  till 
^ths  of  the  water  has  gone  off. 

Nitrate  of  Calcium.  CaN(P.2H*0  or  Cca'^*0*.4lP0. — This  salt  occurs  on 
many  parts  of  the  earth’s  surface  where  the  conditions  are  favourable  to  the  formation 
of  nitric  acid,  and  calcium-salts  (especially  the  carbonate)  are  likewise  present.  In 
many  limestone  caverns,  thoseof  Kentucky  for  example,  it  takes  the  form  of  silky  efflores- 
cences of  a white  or  grey  colour.  It  also  occurs  on  the  floors  and  walls  of  stables  and 
other  badly-drained  buildings  in  which  urine,  blood,  and  other  animal  matters  are  left 
to  putrefy.  From  tlio  soil  it  often  passes  into  well-water.  When  it  forms  on  walls  it 
aiuses  rapid  disintegration  of  the  mortar,  because,  bein^  very  soluble  and  deliquescent, 
it  is  rapidly  carried  away  ^ rain-water  and  atmospheric  moisture  ; hence  it  is  called 
the  saltpetre-rot  In  France,  Prussia,  and  other  couatries  of  Europe  it  is  formtsl 
artificially  in  saltpetre-plantations,  consisting  of  heaps  of  decomposing  vegetable 
and  animal  matter  mixf'd  with  cinders,  chalk,  marl,&c.,  which  are  frequently  moistened 
with  urine,  dunghill-water,  waste  soap-suds,  Ac.  After  exposure  to  the  air  for  tw'o  or 
three  years,  the  mass  is  lixiviated,  and  the  crude  liquor,  which  is  chiefly  a solution  of 
nitrate  of  calcium,  mixed  however  with  the  nitrates  and  chlorides  of  potassium,  sodium 
and  magnesium,  is  treated  with  carbonate,  sulphate  or  chloride  of  potassium,  in  order 
to  convert  the  nitraU>  of  calcium  into  nitrate  of  potassium  (see  IHchardson  and  H'atts's 
Chemical  Technology,  vol.  i.  pt,  4,  pp.  281 — 289). 

Pure  nitrate  of  calcium  is  best  prepared  by  neutralising  nitric  acid  with  lime  or 
carbonate  of  calcium.  The  solution,  when  evaporated  to  dr}'ness,  leaves  the  anhydrous 
salt,  which  has  a sp<'cific  gravity  of  2*472  (Kremers),  a warm  bitter  taste,  dissolves 
easily  in  water  and  in  alcohol,  and  may  be  heated  to  incipient  fusion  without  decom- 
position. The  ptiTtially  decomposed  ^t  is  phosphorescent  {Baldwin's  phosphorus). 
At  a^bigher  temperature  it  is  decomposed,  gi>*ing  off  oxygeu  and  nitric  peroxide.  It 
detonates  slightly  w’ith  combustible  bodies. 

A very  strong  aqueous  solution  of  the  salt  ci^’stallises  witli  difficulty  in  dclique^ent 
six-sided  prisms  terminated  by  }unite  pyramids — monoclinic  eombinutious,  according 
to  Muriguac — containing  Cca"N*0M11^0  ; according  to  Mi(schu*Uch,  the  same  hydrate 
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is  precipitated  as  a crystallioe  powder  from  the  aqueous  solution  on  addition  of  nitric 
adiL  According  to  Ordway  (loc.  cit.)  the  hydrated  salt  melts  at  44*^,  but  if  heated 
somewhat  aibore  its  melting  point,  remains  liquid  till  it  has  cooled  down  to  the  ordinary 
temperature^  and  if  then  touched  with  a crystal  of  the  same  salt,  solidifies  quickly, 
with  considerable  rise  of  temp4>rature  and  contraction.  Its  specific  gravity  at  15  5°,  is 
1’90  in  the  solid,  and  1*70  in  the  liquid  state.  The  fused  salt  logins  to  boil  at  132°,  and 
remains  clear  during  boiling  down,  till  about  one-third  of  the  water  has  gone  off,  and 
then  deposits  the  anhydrous  salt,  without  loss  of  acid.  The  anhydrous  salt  evolves 
great  heat  on  combining  with  water. 

N iTRATEs  OF  Cbbium. — o.  Cerous  nitrate^  CeN0*.2H*0  or  Cce'T?*0*.4HK),  is 
obtained  by  dissolving  ceroeo-ceric  oxide  in  nitric  acid  in  presence  of  alcohol  or  some 
other  reducing  substance.  The  filtrate  evaporated  to  a syrup  yields  the  salt  on  cool- 
ing, as  a faint  rose-coloured  crystalline  mass,  which  gives  off  half  its  water  at  150° 
and  decomposes  at  200°.  (L.  J.  Lange,  J.  pr.  Cbem.  Ixxxii.  129.). 

Ammonio^crouM  (NH^)N0^Cce'7^*0^8H*0,  obtained  by  evaporating  a mix- 

ture of  equal  parts  of  the  moderately  concentraU'd  solutions  of  the  component  salts, 
and  cr)’stalli8ing  over  lime  and  chloride  of  odcium,  is  colourless,  very  soluble  in  water 
and  alcohol,  and  deliquesces  in  moist  air.  (Holzmann,  J.  pr.  Chem.  Ixxxiv.  76.) 

A mixture  of  cerous  nitrate  and  nitrate  of  potassium  concentrated  to  a syrup 
and  then  left  otot  oil  of  vitriol,  yields  small  crystals  of  potas$io-cerom  niiraU^  which 
gave  in  one  analysis  results  agreeing  with  the  formula  4KNO*  3Cco"NW.4H*0, 
but  were  not  found  to  be  of  constant  composition  (Lange). — Magncsi<Mierou8  nitrate, 
Mmg'TiT*0*.Cce"X*0*.8H*0,  is  obtained  on  adding  alcoh(d  to  the  mixed  solutions  of  its 
component  salts,  in  faint  rosc-colourcd  crystals,  soluble  in  water  and  in  alcohol;  they 
give  off  3 at.  water  at  110°,  and  the  rest  at  200°,  melting  at  the  same  time  (Lang^e). 
According  to  Holzmann,  this  salt  is  colourless  and  contains  only  C at.  water.  The 
double  salts  of  cerous  nitrate  with  the  nitrates  of  manganeee,  cobalt,  nickel,  and  zinc, 
are  similar  in  composition  (with  8 at.  water)  to  the  magnesium  salt,  and  crystallise 
very  easily  from  solutions  made  as  nearly  neutral  as  possible,  in  regular  six-sided 
tables ; they  sometimes,  however,  exhibit  hcmihcdrul  forms,  and  frequently  have  three 
alternate  sides  longer  than  the  intermediate  ones.  The  manganese  salt  gives  off  4 at. 
water  at  150°.  (Lange.) 

Ceric  oxide  dissolves  slowly  in  nitric  acid,  forming  a reddish-yellow  liquid,  which 
leaves  on  evaporation  a reddish-yellow  viscous  mass,  exhibiting  distinct  indications  of 
ciystallisatioD.  It  absorbs  water  from  the  air,  and  leaves  when  ignited  a ceroso-ceric 

oxide  which,  according  to  Marignac,  has  nearly  the  composition  3Ccc"0.2Cce^0*. 

An  ammonio-ccroeo-ceric  nitrate,  |N*0'*.Cce*N*0'*.3H*0,  is  obtained  by  mix- 

ing the  solutions  of  nitrate  of  ammonium  and  coroso-eeric  nitrate  and  evaporating  over 
lime  and  chloride  of  calcium;  it  forms  nodular  groups  of  very  deliquescent,  orange- 
red  crystals,  consisting  of  microscopic  six-sided  pnsms.  (Holzmann,  /oc.  cit.) 

Nitrates  or  Ceroxiux.  Normal  chrome  nitrate,  Ccr*0*.3N*0*.18H*0  or 
Ccr'^N*0*.9H*0,  is  obtained  by  dissolving  chromic  hydrate  in  nitric  acid.  The  solution, 
which  is  blue  by  rc^flected,  red  by  transmitted  light,  dries  up  when  evaporated  to  a 
gummy  fissured  mass,  which  is  dark  green  both  by  traiisznitted  and  by  reflected  light, 
and  after  being  heated  over  the  water-bath  for  several  hours,  dissolves  only  partially  in 
water,  forming  a brown  solution  (Hayes).  According  to  Ordway  (SUL  Am.  J.  [2] 
ix.  30;  xxvii.  14)  the  normal  salt  crystallise^  though  with  difiiculty,  frpm  warm 
water,  in  purple  oblique  rhombic  prisms  containing  9 at.  water,  which  melt  at  37°  to  a 
green  liquid,  boiling  at  125*5°,  and  form  with  cold  water  a purple  solution  which  turns 
green  when  heated. 

Bane  Salts. — Nomal  chromic  nitrate  dissolves  chromic  hydrate,  the  solution  re- 
maining clear  till  it  contains  8CcrK)*  to  3N*0*;  by  careful  addition  of  alkali,  two- 
thirds  of  the  acid  may  be  withdrawn  without  producing  permanent  turbidity.  The 
crystallised  normal  salt,  heated  over  the  water-bath  till  the  loss  of  weight  amounts  to 
39  per  cent,  leaves  a dark  green  viscid  residue,*  very  soluble  in  water,  and  consisting 
of  Ccr*0*.2N’OM2HH) ; on  continuing  the  heat,  more  acid  and  water  escape,  and  the 
spongy  residue  which  then  remains  dissolves  quickly  in  water,  forming  a dark  brown 
solution  containing  chromate  and  nitrate  of  chromium  (Ordway,  Sill.  Am.  J.  [2] 
xxri  197)>  Accoraing  to  Siewert  (Ann.  Ch.  Pharm.  exxvi.  86),  the  saturated  so- 
lution of  chromic  oxide  in  cold  nitric  acid  contains  the  salt  Cor*0*.2N’0* ; and  the  hot 
saturated  solution  contains  the  salt  2Ccr*0*.3N*0*.  From  the  latter,  ether-alcohol 
precipitates  chromic  hydrate,  while  blue  normal  chromic  nitrate  remains  in  solution. 

Nitrate  of  Cobalt,  CoN0*.3H*O  or  Cco''N"0*.GH*0  (or  5HK)  according  to 
Millon)  forms  red  prismatic  crystals  of  specific  gravity  1*83,  according  to  Bodeker, 
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vhich  melt  below  100®,  and  give  off  water  at  liigher  teinperuturofl,  the  colour  of  tlie 
liquid  changing  from  violet-red  to  green,  and  finally  swell  up,  give  oft'  red  nitrous 
^aix)urs,  and  leave  black  oobultoso-cobaltic  oxide.  The  aqueous  solution  has  a crimson 
(‘(dour,  and  may  be  used  us  a sympathetic  ink.  It  is  also  much  used  as  a reagent  in 
blow-pipe  exf»criments  (i.  213b 

A 6CeoO.N'Ob-5H*0  or  Cco’N*0".3CcoU'0^2H^,  is  formed  as  a blue 
j*reeipitate,  when  a de-aerated  solution  of  the  normal  salt  is  treated  with  excess  of  am- 
monia out  of  contact  of  air.  After  washing  and  drying,  it  forms  a green  powder, 
probably  containing  cobaltoso-cobaltic  hydrate.  (W  inkelblech.) 

The  nitrates  of  the  cohalt-ammoniuma  have  been  already  describi*d  (i.  1032-1055). 

Nithates  of  CoppBtt.  Honndl  cupric  nitrate,  CuNO*  or  Ccu"NH‘)*,  is obtaim^l 
by  dissolving  metallic  copptT,  cupric  oxide,  or  cupric  carbonate  in  dilute  nitric  uoid. 
The  solution  is  green  at  first  (perhaps  from  admixture  of  cupric  nitrite,  and  becomes 
bli’o  only  after  standing  for  some  time.  From  the  blue  solution  at  temperatures  not 
below  20®  (2fi®  awording  to.Ord  way),  the  salt  is  deposited  in  dark  blue  prismatic  crys- 
tals, contaiDing]Ccu“N*0*.3H’0,  according  to  Graham.  Gladstone,  and  Ordway; 
4 IPO, according  to  Gerhardt.  This  hydrate  melts  atH4’5®,Hnd  boils  at  170®,  giving 
off  nitric  acid,  and  h aring  a green  basic  salt  (Ordway).  At  lower  temperatures,  pale 
blue  prisms  are  deposited  conUiiiiing  6 at.  wat<T:  they  effloresce  in  vacuo  over  oil  of 
vitriol,  giving  off  half  their  water,  melt  at  18®  (at  26*4®  according  to  Ordway),  and 
are  resolved  into  a liquid  and  crystals  of  the  tri-hydrated  salt.  The  latter  decomposes 
at  65®  into  free  acid  and  a basic  salt  (Graham): 

3(CcuN*0«.3H»0)  « Ccu»NH)*  + 4HNO»  + 7H*0. 

A basic  cupric  nUrate^  3Ccu’'O.X*OMI^O  «■  Ccu’N-OMI’O  (Graham), 

4Ccu’*0.N^0'.3H*0  = Ccu'’O.Ccu*N^O*  .3IPO  (Gerhardt),  is  formed  by  gently 

heating  the  normal  salt  (to  66® — 300®),  or  by  boiling  its  solution  with  copper  or  cupric 
hydrate,  or  mixing  it  with  a small  quantity  of  alkali ; also  by  treating  cupric  oxide  with 
strong  nitric  acid,  even  in  excess.  It  is  a green  powder,  insoluble  in  water,  soluble  in 
acids ; it  bears  the  temperature  of  melting  lead  almost  without  decomposition,  but  is 
decomposed  at  a red  heat,  leaving  cupric  oxide ; it  also  yields  cupric  oxide  when  btjiled 
with  ]X)tash  (Proust).  According  to  Vogel  and  llieischauer  (Jahresb.  1853, 
p.  216),  the  salt  4Ccu”0.N*O‘.3H*0  is  obtained  iu  light,  iridescent,  greenish-blue  laniime, 
i>y  boiling  the  mixed  solutions  of  normal  cupric  nitmte  and  nitrite  of  potassium,  or  the 
green  liquid  obtained  by  pas.siug  nitrous  acid  gas  into  water  in  which  ctipric  hydrate 
is  suspended. 

Di-ammonio-cupric  nitrate,  Ccu*'(NH*)*N^O**,  crystallises  very  easily  from  aqueous 
solution,  and  explodes  violently  when  the  solution  is  evaporated  by  heat  beyond  a certain 
degr»*e  of  concentration. 

titrate  of  Ammo-enpramnwnium,  Ccu''N’*0*.4NH*,  has  been  already  partially  dcs- 
cril>ed  (ii,  81).  According  toJMarignac  (Compt.  rend.  xlv.  6.*i0),  it  forms  rhombic 
crystals  with  the  predominating  faces  ocP,  ocpQO  , fx  , and  angles  xP  : »P  « 122® 
35';  ftx  : f*x  over  the  principal  axis  = 115®  10';  twins  often  occur  with  comj>osifion 
face  txftx . 

Nitrate  of  Didymicm,  I)iNO>  or  Ddi"N>0*.— Ea-sily  soluble  in  water:  the 
solution  is  rose-red  when  dilute,  with  a violet  tinge  when  concentrated  : a syrupy  so- 
lution solidifies  on  cooling  to  a deliquescent  mass  of  the  hydrated  salt,  which  melt.s  and 
gives  off  its  water  wlien  heated  above  300®.  The  anliydnms  salt  dissolves  easily  in 
alcohol  of  96  per  cent.,  and  a mixture  of  alcohol  and  ether,  but  is  insoluble  in  pure 
ether.  When  strongly  heated  it  gives  off  nitrous  vapours,  and  ultimately  leaves  a 
residue  of  brown  ^'foxide  of  did^'mium.  If  the  decomposition  be  stopped  at  a certain 
point,  and  the  residue  treated  wuth  water,  there  remains  a white  mass,  apparently  con- 
sisting of  a basic  salt,  L)di’N^O*.Ddi'n^O’.4H^O.  (Marignac,  Ann.  Ch.  Pliys.  [3] 
xxxviii.  148;  see  also  Hermann,  Rep.  Chim.  pure,  1861,  p.  53.) 

Nitrate  of  Ekdiem.  Permanent  in  the  air;  mostly  colourless,  sometimes 
slightly  reddish ; forms  a colourless  solution. 

Nitrate  of  Geucixum,  2GN0*3H*0  or  Gg''N-0*.3lI*0.— Obtained  by  de- 
composing the  sulphate  with  nitrate  of  barium,  as  a difficultly  ciystallisablc,  very 
deliquescent  salt,  which  melts  at  60®.  and  boils  at  140  5®,  remaining  clear  when  boiled 
down  till  the  thermometer  rises  to  160®,  and  fluid  till  cooled  to  16®  ; the  fused  mass 
solidifies  rapidly  on  addition  of  strong  nitric  acid.  \Vlicu  heated  for  twenty  hours  in 
n steam-bath,  it  left  a thick  transparent  residue,  amounting  to  60  |^>er  cent,  of  its  weight, 
perfectly  soluble  in  water,  and  consisting  of  Og"N’0*.Gg"lPO’.2lPO.  This  basic  salt  also 
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remains  dissolved  when  the  aqueous  solution  of  the  normal  salt  is  treated  in  the  cold 
with  excess  of  carlxniate  of  glucinimi,  whereas,  on  Ixiiling,  the  whole  of  the  glucimi  is 
precipitated  in  the  form  of  a more  highly  basic  sjdt.  jly  the  action  of  liydrate  of 

giacimim,  the  normal  nitrate  may  be  converted  into  the  tribasic  nitrate,  G^N*0\ 
(Ordway,  Am.  J.  [2]  xxvi.  197  ; xxvii.  H.) 

XiTBATE  OF  Gold?  Fine  gold-leaf,  and  gold  recently  precipitated  by  ferrous 
sulphate,  dissolves  in  fuming  nitric  acid ; but  the  solution  is  very  unstable,  being  de- 
composed even  by  agitation  with  water,  with  precipitation  of  auric  oxide,  or  if  nitrous 
acid  is  present,  of  metallic  gold.  Auric  oxide  and  hydrate  likewise  dissolve  in  fuming 
nitric  acid,  forming  a similar  solution. 

Nitrates  of  Iridammoniums  (see  laiDirM-BASEs,  AMMOxi.iCAi,,  iii.  324). 

Nitrates  of  Iron.  a.  Ftrric  XitraUs. — Tim  nor)rud  sait,  Fe*0*.3NK)M8lP0 
or  Ffe“'N*0'.9nKX  is  prepartnl  by  dissolring  metallic  iron  in  nitric  acid  of  specific 
gravity  1*29,  till  the  liquid  ha.s  taken  up  alxmt  10  percent,  of  the  metal,  and  then  adding 
an  equal  volume  of  nitric  acid  of  specific  gravity  1*43.  The  solution,  on  cooling,  de- 
p*>sit5  the  salt  in  oblique  rhombic  prisms  of  specific  gravity  1'6835  at  20®,  colourless 
or  with  a faint  lavender-blue  tint,  slightly  delique.scent,  very  soluble,  with  a yellow- 
bmwn  colour,  in  water,  very  slightly  soluble  in  cold  nitric  acid.  At  47*2°  they  melt 
to  a deep  red  liquid,  which  remains  liquid  till  cooled  to  20®,  aud  has  then  a specific 
gravity  of  1 6712 ; part  of  the  acid  goes  off  at  100°;  the  liquid  Ixfils  at  125®,  uiul 
r*-»inplete  dfiximpoBition  takes  place  at  a red  heat  (Ordway,  ic»c.  cit.).  Hausmann 
(.\nn.  Ch.  Pharm.  Ixxxix.  109),  by  evaporating  the  red-brown  solution  of  iron  in 
nitric  acid  to  a sjTnp,  at  a gentle  heat,  then  adding  half  the  volume  of  nitric  acid,  and 
leaving  the  solution  to  crj-.slallise,  obtaiin*d  prismatic  crystals  containingFfe"N*0*.6H‘0, 
and  melting  at  35®.  R.  Wildenstein  (J.  pr.  Cliem.  Ixxxiv.  243)  obtained  the  same 
hydrate  in  limpid  cubic  crj'stals,  from  a large  quantity  of  iron  mordant  containing  a 
very  small  quantity  of  free  acid  (prepared  by  saturating  slightly  diluted  nitric  acid 
with  iron,  and  evaporating  to  48®  or  50°  Baumt^). 

Bivde  Saltn. — Ord|way  has  obtained  basic  fi'rrie  nitrsites  containing  from  2,  3,  6, 
8.  12  to  24  molecult^  of  ferric  oxide  to  3 at.  nitric  anhydride,  namely  by  mixing  the 
solution  of  the  normal  salt  with  recently  pn^cipitated  ferric  hydnite  in  varions  pro- 
p<>rtions ; they  are  all  soluble  in  water,  and  the  solutions  when  evaponited  yield  red 
mostly  deliquescent  powders.  The  solutions  have  a deep  red  colour,  are  not  do- 
er>Tnposed  by  boiling  or  dilution,  but  when  saturated  with  ferric  oxide,  they  yield  a 
precipitate  of  tliat  oxide  on  addition  of  chloride  of  sodium,  sulphate  of  potassium, 
chloride  of  ammonium,  sulphate  of  sodium,  cupric  sulphate,  &c.,  but  are  not  precipi- 
tated by  neutral  acetate  of  lead,  cupric  acetate,  or  alcohol.  Scheurer-Kestner 
(Compt,  rend,  xlrii.  927)  has  obtained  the  two  salts  2Ffe“0*.N*0*.II0  and  Ffe’0*.N*0\ 
These,  us  well  as  the  normal  salt,  are  decom|>osed  by  water,  the  normal  salt  yielding 
2Ffe’0*  N*0*.8IP0,  the  first  of  the  two  basic  salts  just  mentioned  yielding  3Ffc’0*.N*0*. 
2n*0,  and  the  second  4Ffo•O^N•0^3IPO.  Ilau.smann.  by  evaporating  the  solution 
of  imn  in  nitric  acid  to  a synip.  adding  half  the  volume  of  strong  nitric  acid, 
and  le^iving  the  solution  to  crystallise,  obtained  colourlcs.^  prisms  containing  Ffc*0*. 
.3N*0M2H'0.  By  mixing  a very  concent ratol  solution  of  this  salt  with  waUr  till 
the  colour  l>ecame  rr-ddish-yellow,  then  boiling,  and  adding  nitric  acid  after  cooling, 
an  ochrc-coloured  precipitate  was  formed,  containing  8Ffe’O*.2N*O*.3H^0.  By 
adding  n very  largo  quantity  of  water  to  a highly  concentrated  and  slightl}'  acid 
solution  of  the  nitrate,  an  ochre-coloured  precipitate  wjia  sometimes  formed,  containing 
36Fft^O*.N*O*.48H*0.  By  tnviting  iron  excess  with  nitric  acid,  a precipitate  w;us 
obtained  having  the  composition  Sl‘fe^0*.N*0M2H“0. 

$.  Frrric  A ceto^  nitrates  (Scheurer-Kestner,  Ann.  Ch.Phys.  [3]  Ixiii,  422  ; 
Rep.  Chim.  pure.  iv.  95). — These,  and  similar  salts  c<jutaining  chlorine  and  oIIht 
monatomic  nidieles  are  obUintHl: — 1.  By  leaving  mixtures  of  ferric  liydrate  and 
monatomic  achls  (nitric,  hydr»x'hlorie,  acetic,  &c.)  to  act  upon  one  another  for 
s<rvenU  djiys  at  40®. — 2.  By  mixing  a monatomic  acid  with  a very  conci  ntrated 
wdntion  of  a ferrous  salt,  or  nith  the  dry  salt,  and  oxidising  the  mixture  with  nitric 
acid. — 3.  By  the  mutual  action  of  the  (Njmponent  salts,  r.17.  of  ferric  acetate  and  ferric 
nitrate. — 4.  By  the  action  of  an  acid  on  a ferric  salt  containing  another  acid. 

F-rrie  IHacfto^nitratr^  Ffe"*(C^H*0’)*(N0*).3H’0,  crystallises  in  slender  bhxal-rcd 
ne<*«lle«  or  right  rhombic  prisms  t»f  considerable  size; — ferric  acito-dinitrate^ 
FtV‘’(C’H*0*X^T)*)*.4H*0,  in  right  rhombic  prisms; — f<rnc  Utraceto-nitratef 

Fie’(C*n*0*)XNO*)(IIO).4lI*0,  in  h.ard,  shining,  red-brown,  right  rhombic  prisms; — 

f.rric  triaertii-nilrale.  f‘fc>(C’nW)>(\0>)i  HO)’.2H’(),  in  oblique  rhombic  prisms, 
rt*sembling  ferrieyanitle  «»f  pot-i.^^sinm. 
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7.  Ferrou$  nitratf,  Fe’O.K’O*  or  Ffe’N*0*. — Prepar<xl  by  pivcipitatinjf  ffirou* 
sulphate  with  an  equiralent  quantity  of  nitrate  of  barium,  and  ovaporating  the  filtrate 
in  vacuo  over  oil  of  vitriol;  or  by  adding  sulphide  of  iron  to  cold  dilute  nitric  acid, 
and  evaporating  the  solution  in  vacuo.  If  the  solution  were  evaporated  by  heat,  ferric 
salts  would  be  funned.  The  salt  is  likewise  obtained  by  treating  iron  borings  or  filings 
with  cold  dilute  nitric  acid,  nitrate  of  ammonium  being  formed  at  the  same  time,  and 
no  evolution  of  gas  taking  place : 

10HNO>  + Ffe*  - 4Ffe'^^»0•  + (NH*)NO*  + 3H"0. 

The  solution  thus  obtained  may  be  heated  nearly  to  boiling  without  decomMition. 

According  to  Scheurer-Kestner  (Compt.  rend,  xlvii.  927),  nitric  acid  of  specific 
gravity  T034  yields  with  iron  nothing  but  ferrous  nitrate  and  ammonia,  when*a«  acid 
of  specific  gravity  T073  yields  the  same  products  together  with  ferric  nitrate ; and  acid 
of  specific  gr.tvity  I*ll5  and  upwards,  only  ferric  nitrate,  and  no  ammonia.  In  the 
latter  case,  the  solution  contains  basic  salts,  as  well  as  the  normal  salt,  and  in  greater 
proportion  as  the  acid  was  more  concentrated. 

Ferrous  nitrate  crystallises  from  solution  after  some  time  in  four-rided  bevelled 
prisms,  having  a very  faint  greenish  colour  and  sharp  taste,  dtdiquescent  and  very 
soluble  in  water. 

The  solution  of  iron  filings  in  cold  dilute  nitric  acid  is  used  in  dyeing, 

NitratbofLantha-KUM,  LaN  O*.  *H*0  or  Lla"NK)*.  3H*0,  separab^s  from  a syrupy 
solution  in  large  prismatic  crystals  which  delique,sce  in  the  air  and  dissolve  rasily  in 
water  and  in  alcohol.  If  the  water  very  carefully  drawn  oflf  from  the  crystals,  the 
residual  anhydrous  salt  may  be  fusrd  without  decomposition,  but  if  the  temperature  bo 
then  raised  above  the  melting-point,  a small  quantity  of  nitric  acid  goes  off,  and  the 
residual  basic  salt  solidifies  on  cooling  to  a kind  of  enamel  which  almost  immtdiately 
afterwards  crumbles  to  a bulky  white  powder,  and  with  such  force  that  the  p.irtiolos 
are  scattered  to  a considerable  distance.  At  a n*d  heat  the  salt  is  complet»*ly  decom- 
pf  sol,  leaving  a residue  of  oxide  (Mosander).  The  hydrated  salt  mclU  at  about 
40®  and  boils  at  about  120®.  (Ordway.) 

NtTRATRS  OF  Lead.  The  norwn/ Pb^0.N*0*  or I*pb”N*0*isobtaincd  by 
dissolving  litharge  or  metallic  lead  at  the  boiling  heat,  in  slightly  diluted  nitric  acid, 
which  should  be  free  firom  hydrochloric  and  sulphuric  acids.  The  neutral  nilniteciys- 
tallises  in  large  octahedrons,  with  the  secondary  faces  of  the  cube,  sometimes  trans- 
parent, although  gciuTHlly  white  and  opaque  ; specific’gravity  4*509  (Schroder);  4*235 
(Buignet).  The  crystaLs  are  anhydrous ; they  are  soluble  in  7J  times  their  weight  of 
cold,  and  in  a much  smaller  quantity  of  hot  water.  (Mitseherlieh.) 

According  to  Kremers  (Pogg.  Ann.  xcii.  499)  1 pt.  of  the  nitrate  of  lead  dissolves 
in  2*68  pts.  water  at  0®;  in  2*07  pts.  at  10®;  in  1*65  pts.  at  25®;  in  1*25  pts.  at  45®  ; 
in  0*99  pts.  at  65® ; in  0*83  pts.  at  85®  ; and  in  0*72  pts.  at  100®.  The  saturated  solu- 
tion IkjiIs  at  103*6®.  The  sp<*cifie  gravities  at  17'5®  of  solutions  of  various  strengths 
.vro  os  follows  (Kremers,  Pogg.  Ann.  ciii.  67  ; civ.  133) : 


Wright  of  taU  In 
100  pl«.  water. 
34*79 
23*30 
15*46 


Speclflr  gravltj  of 
dilution. 

1*3816 

1*2274 

1*1416 


Wrighl  of»eU  in 
100  pti.  water. 
11*60 
7-73 


Specific  gravity  of 
•olution. 
1*1022 
1*0661 


See  also  Sehiff  (Ann.  Cli.  Pharm.  cx.  75).  Nitrate  of  lead  is  insoluble  in  n/coW. 
and  in  strnn2«tVric  acid,  which  indeed  precipitates  it  from  aqueous  solution  ; soluble  in 
saturated  solutions  of  nitrate  of  potassium  and  nitrate  of  ttarium.  (For  full  details  r<-- 
specting  its  solubility  in  water  and  other  solvents,  see  Storer's  Dictionary  of  Sotuhi/itus, 
p.  382.) 

Nitrate  of  lead  is  decomposed  nt  an  incipient  red  heat,  yielding  a mixture  of  oxygen 
gas  and  nitric  peroxide  (p.  76),  and  leaving  the  yellow  protoxide  of  lead  (iiu  649). 

Basic  salts, — The  diplumhie  salt,  2Ppb''O.N*0*  = Ppb''O.Ppb"N*0* (Bcrseli us) 
or  2Ppb"0.N’0®.H*0  » Ppb"HNO*  (Pelouze),  is  produced  by  lx)ilingthe  normal  salt 
with  white  load  and  water  (Pelouze),  or  1 pt.  of  toe  normal  salt  with  I pt.  lead  oxide 
and  water  (Chevreul),  or  by  treating  the  solution  of  the  normal  salt  with  a quantity 
of  ammonium  not  sufilcient  to  throw  down  all  the  lead  as  oxide.  It  crystallises  from 
the  hot  aqueous  solution  in  white  grains  or  nacreous  laminm  and  needles  having  a sweet 
astringent  taste.  It  is  but  slightly  soluble  in  cold,  more  soluble  in  hot  water ; accord- 
ing to  Pohl,  1 pt.  of  it  dissolve's  in  5*16  pt.s.  water  at  19*2®. 

Triplumhic  nitrate^  3P{)b'*O.N’0‘  or  Ppb’S’O*,  is  precipitated  with  ^ at.  water 
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(2Ppb*N*0*.3TP0),  on  treating  the  solution  of  the  normal  salt  with  a slight  exeess  of 
ammonia,  os  a white  powder,  slightly  soluble  in  pure  water  and  precipitated  by  addition 
of  many  salts  which  do  not  decompose  it.  The  same  salt  is  precipitated,  according  to 
A.  Vogel,  juD.,  with  twice  the  preceding  quantity  of  water  (Ppb*N*0*.3H*0),  on 
adding  nitrate  of  potassium  or  sodium  to  u solution  of  basic  acetate  of  lead.  It  is 
►paringly  soluble  in  boiling  water,  crystallises  on  cooling  in  nodules  of  ncedle-shap^Ml 
crystals,  and  gives  off  its  water  of  crystallisation  in  racuo  at  205^. 


IlfjrpiHmhic  nitratf,  6Ppb"O.N^*.H^O  = Ppb*N*0“.3Ppb"0.IP0,  is  obtained  by 
precipitating  the  normal  salt  with  excess  of  ammonia,  and  digesting  the  washt'd 
precipitate  with  ammonia.  It  is  a white  powder,  nearly  insoluble  in  water. 


Ppb* 


0‘.H*0,  obtained  by  dissolving  formate  of  lead 


Formo^nitrate  of  Lead,  NO’l 
(CHO)»j 

in  a hot  nearly  saturated  solution  of  the  nitrate,  crystallises  by  slow  cooling  in  large 
rhombic  plates,  permanent  in  the  air,  and  sparingly  soluble  in  water. 


0‘.HK)  or  Ppb”N»0*.PpT)*P«0*2H»0,  is  ob- 


Ppb* 

Phc$pko-nitrate  of  Lead,  NO* 

(PO)"j 

tained  by  adding  a soluble  phosphate  to  excess  of  nitrate  of  lead,  as  a crystalline  pre- 
cipitate, insoluble  in  water,  soluble  in  nitric  acid,  and  ciystalliscs  in  six-sided  plates 
derived  from  an  oblique  rhombic  prism.  It  is  decomposed  by  boiling  water  into 
citrate  and  orthophosphate  of  lead,  and  when  heated  to  redness  leaves  a residue  of  basic 


phosphate,  Ppb"0.Ppb*P*0*.  (Gerhardt,  Ann.  Ch.  Pharm.  Ixviii.  286.) 

Nitrate  op  Lithium,  LiNO*. — The  anhydrous  salt  crystallises  at  16®  in 
rhombic  prisms,  like  nitrate  of  pobissium ; of  specific  gravity  2*334,  according  to 
Kremers  (Pogg.  Ann.  xcii.  620);  according  to  Troost(Ann.  Ch.  Phys.  [3]  li.  134), 
in  rhombohedral  crystals,  R . oK,  having  the  angle  of  the  terminal  edges  « 106®  40' ; 
specific  gravity  2*442.  Below  10®  the  hydrate,  2LiN0*.5H*0,  ciy'^tallises  in  thin 
deliquescent  prisms  (T roost).  The  salt  dissolves  easily  in  water  and  in  alcohol; 
the  solutions  taste  like  saltpetre,  but  very  pungent.  Th<^  specific  gravities  of  solutions 
containing  various  proportions  of  the  anhydrous  salt,  according  to  the  determinations 
of  Kremers  (Pogg.  Ann.  cxiv.  41),  are  exhibited  in  tbo  following  table: — 


LINOS 
In  too  pti. 
14*2 
26  7 
40*8 


Specific  gravity 
at  19- 

1*0769 

1*1346 

1*1930 


LINO* 
in  100  |ita. 
67*5 
77*4 


Specific  gravity 

at 

1*2560 

1*3164 


Nitrate  of  lithium  easily  forms  super-saturated  solutions,  which  solidify  at  1®,  often 
in  masses  of  slender  needles,  the  temperature  of  the  solution  rising  to  27®.  (Kremers.) 

Nitbatb  OF  Magnesium,  MgNO*.3H*0  or  Mmg"N*0*.6H*0. — This  salt  occurs  in 
the  mother-liquor  of  the  saltpetre-plant.ation8,  and  was  detected  by  Berzelius  in  the 
well-waters  of  Stockholm.  It  is  prepared  by  dissolving  Magnesia  alba  in  nitric  acid, 
and  crystallises  from  the  concentrated  solution  in  deliquescent  rhombic  prisms  and 
needles  (monoclinic  according  to  Marignac),  soluble  in  | pt.  cold  water  and  in  9 pts. 
alcohol  of  specific  grarity  0*840,  less  soluble  in  absolute  alcohol.  When  dried  over 
oil  of  vitriol,  they  give  off  4 at.  water.  They  melt  when  heated,  and  at  the  temporaturo 
of  melting  lead  give  according  to  Graham  and  Chodnew,  6 at.  water,  leaving 
the  monohydrated  salt,  Mmg"N*0*.H*0,  which,  at  u still  higher  temperatun',  gives  off 
the  rest  of  the  water  and  part  of  the  nitric  acid,  leaving  tbo  trimagncsic  salt. 


Mmg*N*0*.  Einbrodt,  on  the  other  hand,  doubts  the  existence  of  the  mono- 
bydnted  salt,  inasmnch  as  he  finds  that  the  hex-hydrated  salt  begins  to  give  off 
nitric  acid  before  it  has  parted  with  the  fifth  molecule  of  water. 

Nitrate  of  magnesium  forms  an  alcoholate,  Mmg"N*0*.6C*H*0  (see  L 80). 
Nitrate  of  Manganese,  MnNO*.3H*0  or  Mmn'T7*0*.6H*0. — White  longi- 
tndinally-striated  needles,  deliquescent,  and  soluble  in  alcoboL 

Nitrates  of  Mercury. — a.  Mercuric  nif raf«.— When  mercuric  oxide  is 
dissolved  in  excess  of  nitric  acid,  and  the  solution  is  evaporated  at  a gentle  heat,  the 
normal  salt,  HgNO*H*0  or  Hhg'*N*0*.2H*0,  is  left  in  the  form  of  a syrupy  liquid, 
which  retains  its  constitution  nnaltered  for  several  months.  By  further  evaporation 
over  oil  of  vitriol,  it  yields  bulky  deliquescent  crystals,  consisting  of  the  hydrate, 
2Hhg*?^*0*JI*0,  which  easily  give  np  a portion  of  their  acid  {Handvj.  d,  CAm.  yii. 
165).  According  to  C.  0.  Mitschorlich  {G7nelin's  Handbook,  vi.  74),  the  crystals 
obtained  by  evaporating  the  acid  solution  of  the  normal  suit  consist  of  the  basic 
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Halt  Hhg'’0JIhg'7^*0*.2H*0.  A conccntnited  solution  made  as  neutral  aa  pos.siblt* 
yields,  when  cooled  to  15®,  large  colourless  rhombic  plates  with  angles  of  about 
*C7°,  molting  at  6 6®,  and  having  tiic  composition  Hhg"N*0*. 811*0.  (I)  it  ten,  Jahresb. 

1854,  p.  366.) 

Basie  nafts. — Tlie  clear  liquid  obtained  by  fusing  the  crystals  of  the  octohydrate 
just  mentioned  deposits  the  salt  Hhg”0.Hhg''N‘0*.3H*(),  in  short  colourless  needles, 
which  bec»>me  opaque  w’hen  exposed  to  the  air  and  white  by  contact  with  water  Ih>th 
this  salt  and  the  normal  salt  are  decomjiosed  by  water,  the  tritntrcuric  salt, 

3IIhg”0.N*0MI*0  or  Hhg*N*0".H*0,  being  first  separated  as  a white  pulverulent  mass, 
and  afterwards  gradually  convert<*<l  into  red  mercuric  oxide.  The  trimereuric  salt  with 
1 at.  water  is  likewise  productnl  by  heating  either  of  the  preceding  salts  till  it  is  con- 
verted into  a pulverulent  mass,  then  pulverising  it,  and  treating  it  seven  or  eight 
with  cold  water.  It  begins  to  give  off  water  at  about  120®  C.,  and  nitrous  fnme.s  at 

2o0®.  A krxmercuric  nitrate,  GlIhp"0.X*0*  or  3Hhg"0.Hiig*X*0*,  is  obtained, 
according  to  Kane,  as  a brick-red  powder  by  boiling  the  trimercuric  salt  with  water. 

Normal  mercuric  nitrate  treatwl  with  ammonia  yields  a number  of  nitrates  of  mer- 
cuntmmoniums,  already  described  (iii.  917,  920). 

Dovhle  Salts  of  .VrrcKric  Nitrate,  a.  With  ^fereuric  Ci/aniJe. — 
Hhg*(N0‘)*Cy*.2ll*0.— Produced,  according  to  Desfosse,  when  a solution  of  mercuric 
iiitnite  is  mixed  with  cyanide  of  potas-sium,  and  ciystallises  in  white  micaceous  scales. 

$.  Withd/rrcwrie/e(7/c/f.  nhg''N’CP.ni^I*(LouiRTille,Rigel);  2nhg"N*OMIhg''I* 
fPreuss). — Obtained  by  dissolving  the  iodide  in  a boiling  solution  of  the  nitrate;  or 
l)y  treating  mercurous  or  mercuric  iodide  with  nitric  acid.  White  nacreous  scales  which 
arc  decomposed  hy  water  and  by  alcohol. 

Another  iodonitrate,  Uhg"X*0'‘.2lIhg"I',  is  obtained,  according  to  Liebig,  in  small 
red  ciystals  on  mixing  a boiling  solution  of  mercuric  nitrate  with  half  as  much  io<lide 
of  potassium  as  is  required  for  the  complete  separation  of  mercuric  iodide.  The  solu- 
tion filtered  from  these  crystjil.s,  mixed  with  a little  nitric  acid,  and  saturated  while 
warm  with  mercuric  iodide,  yields  after  some  days,  white  silky  needles  of  the  com]»ound 
2lthg"N*Or  3Hhg"I*. 

All  these  mercuric  iodonitrates  are  decomposed  by  water,  the  iodide  separating  and 
the  nitrate  dissolving.  When  heated,  they  melt,  give  off  nitrous  acid  ami  a sublimate 
of  mercuric  iodide,  and  leave  mercuric  oxide. 

y.  With  Iodide  of  SiltKr,  2.Hhg’'N*0*.4Agl.H*0.  Separates  from  a solution  of 
silver-iodide  in  hot  aqueous  mercuric  nitrate,  in  slender  neetUes  which  are  decomposinl 
by  water. 

8.  With  Mn'curic  Phosphate.  This  double  salt  is  formed  by  mixing  a solution  of 
scKlium-phosphate  with  excess  of  mereuric  nitrate. 

f.  With  Mercuric  Phosphide,  3(Hhg"N*0‘.HIig'*0).Ifhg*l**.  Pi-oduced  by  passing 
plnjsphorcttiHl  hydn^en  gas  through  a dilute  acid  solution  of  mercuric  nitrate.  After 
washing  with  water,  it  forms  a yellow  j>owder,  which  rau.st  l>e  dried  in  a vacuum.  It 
detonates  with  gn'at  violence  when  heated,  less  strongly  by  p*  reu.ssion  ; also  in  chlorine 
ga-s.  probably  in  consequence  of  heat  developed  by  the  clu  mical  action  which  ensues. 

With  Mercuric  Snlphaie,  IIhg"X*0*.2Hhg''S.  Sulphydric  acid  ga.s  passed  through 
a solution  of  mercuric  nitrate  in  quantity  not  sufficient  for  complete  decomi*oaition  pro- 
duces a while  precipitate  which  must  be  wacthed  with  water,  ami  then  dried ; if  the 
washing  is  continued  beyond  a certain  time,  the  compound  begins  to  decijmpose  and 
turn  yellowish.  An  excess  of  sulphydric  acid  convert.s  it  wholly  into  black  mercuric 
sulphide.  It  is  likewise  decom|>OHed  ami  blackenwl  by  aqueou.s  carlh^nate  of  potassium 
or  sixlium.  llot  nitric  aci<l  decompo.ses  it  with  formation  of  sulphuric  acid. 
(H.  Rose.) 

Mercurous  Nitrates.  The  iwrwo/ 11  hgX0*.H*0,  is  formed  by  prolonged 
digestion  of  nietnllic  mercury  in  excess  with  cold  moderately  strong  nitric  acid,  and 
separates  in  colourless  homewliat  efflorescent,  monoclinic  crystals.  According  to 
Gerhardf  and  Marignac  (Jahresb.  1849,  p.  285),  the  same  salt  is  formed  when  the 
liquid  is  moderately  warmed ; it  is  l>est  however  to  decant  the  solution  as  soon  as  the 
fir-t  violent  action  has  somewhat  subside<l,  and  leave  the  still  acid  liquid  to  crystallii^ 
by  cooling.  It  sometimes,  aeconling  to  Oerhardt.,  dej*osits  prismatic  crj'stnls  of  a basic 
salt,  but  these,  if  left  in  the  liquid,  are  gradually  convrrted  into  the  normal  s;ilt.  The 
latter  is  soluble  without  decomposition  in  a small  quantity  of  water,  but  a larger 
quantity  converts  it  into  a basic  salt.  When  heated  with  water  it  is  resolved  into  per- 
nitrlc  oxide  and  mercuric  oxide  ; 2niigN0*  = Hhg"0  + NO*. 

Basic  salts. — The  above-mentioned  prismatic  crystalM  which  sometimes  sepanite, 
accoriling  to  Gerlmrdt,  from  the  solution  of  excess  of  mercury  in  warm  dilut**  nitric 
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acid,  are  most  readily  obUioed,  according  to  Marignac,  when  thecrystala  of  the  normal 
*udt  are  warmed  in  their  mother-liquor,  in  contact  with  excess  of  mercury,  and  the  solu- 
tion is  then  left  to  crystallise  by  cooling.  (The  following  basic  salt  is  often  formed 
at  the  same  time.)  The  crystals  are  colourle.ss,  shining,  non-effloresoent  prisms, 
belonging  to  the  trimetric  system.  Qerhardt  and  Marignac  obtained  the  same  results 
by  the  analysis  of  these  crystals;  nevertheless  they  are  regarded  by  Gerhardt  as 
Hbg^0.4HhgNO*.nK),  and  by  Marignac  as  Hhg’0.6HhgN0*.H-0. 

Another  basic  mercurous  nitrate,  Hhg^0.2HhgN0*.H'0, — according  to  Gerhardt, 
Hhg^0.3HhgN0*.H’0, — is  obtained  when  the  s^t  produced  by  the  action  of  nitric 
jieroxide  vapouron  mercury  is  triturated  with  a small  quantity  of  water,  and  the  mix- 
ture then  heated  to  boiling ; also  when  normal  mercurous  nitrate  is  suspended  in  water 
and  the  water  heated  to  boiling ; also,  according  to  Marignac,  when  the  solution  or 
mother-liquor  of  either  of  the  preceding  salts  is  boiled  for  several  hours  with  excess  of 
mercury,  the  water  being  replaced  as  it  evaporates  ; or  when  the  crystals  of  either  of 
the  preceding  salts  are  left  to  stand  for  several  hours  in  contact  with  their  mother- 
liquor  and  excess  of  mercury.  The  crystals  are  triclinic,  pormai.ent  in  the  air,  colour- 
less, hard  and  shining.  (Gerhardt,  Johresb.  1847 — 48,  p,  447. — Marignac,  ioc.cit.) 

Lefort,  by  prolonged  digestion  of  mercury  in  excess  with  dilute  nitric  acid  at  40® 
“60®,  or  by  evaporating  the  product  of  the  action  of  strong  nitric  aci<l  on  excess  of 
mercury  to  dryness,  and  treating  the  residue  with  boiling  water,  obtained  a salt  which 
formed  large  prismatic  crystals,  perhaps  identical  with  those  obtaine<l  as  above  by 
Gerhardt  and  Marignac.  Lefort,  however,  regards  them  as  Hhg^0.2HhgN0*.2H*0. 

By  the  action  of  cold  water  on  the  preceding  salts,  Gerhardt  and  Marignac  obtained 
a light  yellow  powder  consisting  of  Hhg^O.4HhgNO*.3H‘'^0,  as  previously  established  by 
Kane.  Gerbaidt  regards  it  as  the  above-mentioned  triclinic  salt  in  the  amorphous  state. 

Mitscherlich  has  described  another  salt,  Hhg^0.4HhgN0’.3H*0,  which  is  perhaps 
identical  with  the  salt  Hhg*0.4HhgN0*.H*0,  obtaine<i  by  Gerhardt  (vid.  sup.). 
MitM^berlich  obtained  it  by  leaving  cold  dilute  nitric  acid  in  contact  with  excess  of 
mercury,  till  the  crystals  of  the  normal  salt  which  form  at  first,  dissolve  and  arvi 
replaced  by  others.  Crystals  of  different  form,  but  of  the  same  composition  (there- 
fore dimorphous),  are  formed,  according  to  Mitscherlich,  when  the  normal  mercurous 
salt  is  warmed  with  mercurous  oxide  and  water  containing  a little  nitric  acid.  In  this 
way,  large  limpid  crystals  are  obtained  which  dissolve  in  a small  quantity  of  water, 
but  ars  decomposed  by  a large  quantity,  either  cold  or  hot. 

The  solution  of  mercurous  nitrate  is  precipitated  by  ammonia,  yielding  a black  pre- 
cipitate of  Te^  variable  composition,  constituting  the  so-called  Afcrcurius  $olwrili3 
Hahnemanni  (iii.  920). 

Mercurous  nitrate  forms  double  salts  with  the  nitrates  of  barium,  strontium  and  lead. 

The  Uad-talt,  2Ppb“N»O*.(Hhg’0.2nhgNO*)  or  | is  obtained,  aceording  to 

Stadeler,  on  mixing  a moderately  concentrated  solution  of  mercurous  nitrate  with 
nitrate  of  lead,  as  a white  heavy  precipitate  consisting  of  microscopic  octahedrons  with 
cubic  modification:  dilate  solutions  yield  it  in  laiger  crystals  having  an  adamantine 
lustre.  It  dissolves  without  alteration  in  boiling  nitric  acid,  but  is  decomposed  by  pure 
water.  The  barium-  and  tirontium-salts  are  similar  in  form  and  composition. 

NOM 

MfTCuro9o-mtrcurie  nifrafe,  Hhg’0.2Hhg"0.N^0*  or  Hhg'  yO*,  is  formed  by  the 

Hhg") 

gradual  oxidation  of  mercurous  nitrate;  also  when  I pt.  of  mercury  is  boiled  with 

pt.  nitric  acid  of  specific  gravity  1'2  till  completely  dissolved  (VV  j t tstock).  Ac- 
conling  to  G erhardt  (Jabr^aber.  1849,  p.  285),  the  light  yellow  suit  which  covers  the 
hotter  parts  of  the  sides  of  the  vessel  in  which  mercurous  nitrate  is  evaporated,  consists 
of  this  mercuroeo-mercuric  salt;  the  same  chemist  obtained  it,  with  evolution  of  nitric 
oxide,  by  fusing  normal  mercurous  nitrate. 

Nitratbs  of  Moltbdbkum.— Afo/yWic  nitrate  is  obtained  in  solution  by  satu- 
rating nitric  acid  with  molybdic  hydrate,  or  by  digesting  metallic  molybdenum  iu 
ililute  nitric  acid.  It  cannot  be  obtained  in  the  solid  state,  as  the  tiolution  when  con- 
centrated beyond  a certain  point,  gives  off  nitric  oxide  and  leaves  molybdic  acid. 

Molyhdous  nitrate  is  obtained  by  dissolving  molvbdous  hydrate  in  dilute  nitric  acid; 
if  the  hydrate  is  in  excess,  a basic  salt  is  formed.  The  solutions  are  very  unstable 
and  quickly  decompose,  depositing  molybdic  acid.  (Borselius.) 

Prrmotyhdic  nitratf  or  nitrate  of  moJybdic  acid  is  obtained  by  dissolving  molybdic 
anhydride  in  nitric  acid  (iii.  1037). 

Nitrate  of  Nicxbl,  NiN0’.3H*0  or  Nni'^’0*.6H-0.— Emerald-green,  eight- 
sided nri«ms,— monoclinic,  according  to  Marignne, — which  eflfloreece  in  drj’  and  de- 
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liqnesoe  in  moist  air,  dissolving  in  2 pts.  of  cold  water,  also  in  alcohol,  and  when 
heated  leave  a yellowish-greon  pulverulent  basic  salt,  then  peroxide,  and  finally 
protoxide  of  nickel. 

An  ammoniacal  nitrate  of  nickel^  Nni'TTO*.4NH‘.H*0  (or  2H*0  according  to 
Nni  1 

Laurent)  » H'*  is  deposited  in  octahedral  crystals,  from  a warm  con- 

(NO»)»  J ^ 

centrated  solution  of  nickel  in  ammonia.  The  crystals  when  exposed  to  the  air,  give 
off  ammonia  and  crumble  to  a bluish-white  powder.— This  salt  unites  with  chloride 
of  nickel-ammonium,  forming  rather  large  azure-blue  octahedrons  of  the  double-salt, 
Nni"  1 

H'*  tS,.NiraiC1.3H*0. 

Nitbats  of  Osviuv.  08*TJ’0*. — Osmious  hydrate  dissolves  with  green  colour 
in  cold  nitric  acid,  and  the  saturated  solution  dries  up  on  evaporation  to  a green 
transparent  varnish.  (Berzeliua) 

Kitbatb  of  Palladittm.  Pd"N*0*. — Cold  nitric  acid  slowly  dissolves  palla- 
dium, without  evolution  of  nitric  oxide,  the  liquid  becoming  chafed  with  nitrous  acid; 
if  the  liquid  is  wanned,  solution  takes  place  more  quickly,  with  evolution  of  nitric 
oxide.  The  brown  solution  evaporated  to  a syrup,  and  then  left  over  oil  of  vitriol, 
deposits  long  narrow  rhombic  prisms,  of  brown-yellow  colour,  and  very  deliquescent 
From  a dilute  solution,  the  whole  of  the  palladium  is  gradually  deposited  in  the  form 
of  a basic  salt.  By  evaporation  between  100^  and  120'^  also,  the  normal  salt  is 
almost  wholly  converted  into  a basic  salt.  If  the  solution  is  evaporated  at  a low  tem- 
perature, and  the  residual  salt  treated  with  water,  a turbid  solution  is  obtained,  and  a 
oasic  salt  remains  behind,  which  according  to  Fischer,  is  completely  convert^  into 
oxide  by  heating  to  120*^ — 130^.  For  the  basic  salt  precipitated  from  the  solution  of 
the  normal  salt  by  water  or  by  a small  quantity  of  potash,  Kane  gives  the  formula 
4Pd"0.N»0».4H*0. 

The  nitrates  of  the  palladammonioms  will  be  described  under  Paixaoiuh-bisss, 
Amxokiacau 

Nitrates  of  Platinum.  Vlatinic  AV/rafr,  Pt"N*0*  or  Ppt*’N*0'*,  is 
obtained  by  dissolving  platinic  hydrate  in  nitric  acid,  or  better  by  decomposing  tlie 
sulphate  with  nitrate  of  barium,  or  by  mixing  the  chloride  with  nitrate  of  potassium 
as  loug  as  a precipitate  is  thereby  produced,  a third  of  the  platinum  present  being 
thereby  converted  into  platinic  nitrate.  The  decanted  dark  brown  liquid  yields  by 
evaponition,  a mass  of  the  thickness  of  honey,  which  after  evaporation  to  dryness, 
dissolves  only  partially  in  water,  leaving  a basic  salt. 

For  the  nitrates  of  the  platinammoniums,  see  Platoctk-bases,  Ammoniacal. 

Potaeeio-piatime  nitrate. — When  caustic  potash  is  added  to  a solution  of  platinic 
nitrate,  only  half  the  ba.«e  separates  as  hydrate,  the  rest  as  a basic  double  ralt  of  much 
lighter  colour  than  the  hydrate.  Sodio-platinic  nitrate  is  known  only  in  solution.  It 
is  formed  by  decomposing  sodio-platinic  chloride  with  hydrate  uf  sodium,  at  a heat 
below  reduess,  washing  out  the  resulting  chloride  of  sodium  with  water,  and  dissolving 
the  residual  s^io-platinic  oxide  in  nitric  acid.  The  dark  yellow  solution  yields,  with 
nitrate  of  silver,  a yellow  precipitate  soluble  in  nitric  acid.  (Doberein  cr.) 

Platinous  nitrate. — Platinous  hydrate  dissolves  in  dilute  colourless  nitric  acid, 
and  the  green-brown  solution  dries  up  to  a viscid,  greenish,  dark  brown  mass,  in  which 

Slatinic  oxide  is  gradually  formed  at  the  exp>ense  of  the  nitric  acid,  and  more  abun- 
antly  as  the  acid  is  in  greater  excess.  (Berzelius.) 

Nitrate  OF  Potassium.  KNO*.  SoHpetrey  Nitre,  Prismatic  Saltpetre,  Poteuh- 
nitre^  }iitruin  — This  salt  is  very  widely  difiused  as  a natural  product,  occurring 

constantly,  though  in  small  proixirtion  only,  as  a constituent  of  vegetable  soil,  and 
according  to  Boussingault  (Compt.  rend.  xliv.  108-119)  of  spring  and  river  water. 
It  is  never  found  in  large  beds  like  nitrate  of  sodium ; but  veins  of  it  occur  in  the 
sand.stone  of  Bradford  County,  Pennsylvania  (Ellet,  Edinb.  Phil.  J.  Ivii.  367).  The 
chalk  and  other  recent  calcareous  formations  are  particularly  rich  in  saltpetn.  On 
the  banks  of  the  Seine,  near  Koche-Guyon  and  Mousseau,  there  are  several  caves 
which  are  used  as  stables ; in  the  front  part  of  these  caves  looking  towards  the  south, 
the  saltpetre  accumulates,  especially  during  the  summer  season,  and  in  such  quantity 
that  it  is  collected  several  times  in  a year,  and  continually  rcprc^uccd.  Lavoisier  found 
in  the  earth  taken  from  the  cave  of  Fouqui^res,  3J  per  cent,  and  in  that  of  Mousseau,  6| 
per  cent,  nitrate  of  potassium,  after  the  aqueous  extract  of  the  earth  had  been  treated 
with  potash  to  convert  the  nitrates  of  calcium  and  magnesium  into  nitrate  of  potassium. 

The  saltpetre  caverns  of  Ceylon,  which  are  natur^  caves  in  a dolomitic  rock  con- 
taining felspar,  are  of  especial  importance.  Some  of  these  caves,  like  that  of  BouUat- 
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wellegode,  arc  the  resort  of  large  flocks  of  hats,  whose  excrement  collects  in  them : in 
others,  as  in  that  of  Memoora,  there  arc  none  of  these  animals.  Dary  found,  in  a 
specimen  of  rock  from  this  cave,  2 4 per  cent  nitrate  of  potassium,  07  nitrate  of  mag- 
nesium, 0*2  sulphate  of  ma^esiun^  26*5  carbonate  of  calcium,  0*4  water,  and  60*8  of 
residue  insoluble  in  dilute  nitric  acid,  and  consisting  of  quartz,  mica  and  talc.  Similar 
caves  are  found  to  exist  on  the  coast  of  the  Adriatic,  in  Italy  (Palo  di  Mofetta), 
in  Tennessee,  KentucW,  on  the  Missouri  and  Crooked  Rivers  in  North  America,  in 
Africa,  and  in  Teneri^. 

In  South  America,  and  in  some  districts  of  India,  Arabia,  Persia,  Spain,  and  Hun- 
gary, the  mode  of  occurrence  of  saltpetre  is  somewhat  different.  In  these  districts, 
nitrates  are  found  widely  disseminated  through  the  soil,  but  never  extending  to  any 
great  depth  below  the  surface,  not  lower,  indeed,  than  the  air  can  easily  penetrate. 
The  itifiltration  of  rain  and  dew  dissolves  these  salts,  and  the  sulution  rising  to  the 
surface  by  capillary  action,  is  evaporated  by  the  action  of  the  sun  and  air,  and  forms 
an  efflorescence  on  the  surface.  In  Ben^ese  saltpetre  earth,  from  the  district  of 
Tirhht,  Davy  found  8*3  per  cent,  nitrate  of  potassium,  3*7  nitrate  of  calcium,  0 8 sul- 
phate of  calcium,  0*2  chloride  of  sodium,  35  0 carbonate  of  calcium  with  traces  of 
magnesium,  12*0  water  with  a little  organic  matter,  and  40*0  matter  insoluble  in 
nitne  acid.  The  soil  in  some  parts  of  Spain  is  also  impregnated  with  saltpetre,  as  in 
New  Castile,  Arragon,  Catalonia,  La  Mancha,  Granada,  &c. 

The  formation  of  nitric  acid  in  these  several  localities  is  in  all  probability  due  to 
the  oxidation  of  ammonia  (p.  88) ; for  the  production  of  saltpetre  is  always  found  to 
take  place  most  abundantly  where  there  is  a large  quantity  of  vegetable  or  animal 
matter  in  a state  of  putrefaction,  or  where  the  air  contains  a considerable  quantity  of 
ammonia  resulting  from  such  decomposition.  Hence  it  is  that  tho  quantity  of  salt- 

grtn*  naturally  pr^uced  in  tropical  climates  very  far  exceeds  that  which  is  fbrmcd  in 
□rope,  the  luxuriant  vegetation  of  the  tropics  supplying  a never-failing  source  of  am- 
monia, while  the  high  temperature  and  the  moistnre  of  the  air  facilitate  its  oxidation. 
An  indispensable  condition,  however,  for  the  formation  of  nitrates  in  large  quantity,  is 
the  presence  of  alkaline  or  earthy  bases  to  fix  tho  nitric  acid  as  soon  as  it  is  formed : 
in  the  absence  of  such  bases  indc^,  and  under  the  reducing  influence  of  oiganic  matter, 
nitric  acid  already  formed  may  be  reconverted  into  ammonia : hence  the  non-pro- 
duction of  nitrates  in  dung-heaps,  where  earthy  matters  arc  not  present. 

This  theory  is  quite  in  accordance  with  the  conditions  which  are  found  essential  to 
tho  artificial  production  of  saltpetre  in  temperate  climates,  as  in  tho  saltpetre  plantations 
already  described  (p.  83),  these  conditions  being  an  abundant  supply  of  ammonia,  the 
presence  of  earthy  and  alkaline  buses,  free  access  of  air,  and  a mean  temperature  not 
lower  than  16® — 20®. 

The  solution  obtained  by  lixiviating  the  icdtpetre^earth  thus  formed  consists,  as 
already  observed,  chiefly  of  the  nitrates  of  calcium  and  magnesium,  with  smaller 
quantities  of  the  nitrates  of  potassium  and  sodium,  besides  alkaline  chlorides.  It  is 
treated  with  carbonate  of  potassium  (potashes)  to  convert  the  earthy  nitrates  into 
nitrate  of  potassium,  which  is  deposited  in  an  impure  state  from  the  filtered  solution 
by  crystallisation. 

Natural  saltpetre-earth  is  treated  in  a similar  manner  with  wood-ashes,  when  the 
earthy  nitrates  predominate  in  it;  that  of  Bengal  however,  which  is  rich  in  nitrate  of 
potassium,  does  not  require  ibis  treatment,  the  saltpetre  being  extracted  from  it  merely 
by  lixiviation,  boiling  and  crystallisation. 

The  crude  saltpetre  thus  obtained  is  contaminated  with  the  chlorides  of  potassium 
and  sodium  (sometimes  to  the  amount  of  25  per  cent.)  besides  organic  (so-called 
extractive)  matter.  To  remove  these  impuritit‘S,  which  are  exceedingly  objectionable 
in  all  the  applications  of  saltpetre,  whether  for  the  preparation  of  nitric  acid  or  the 
manufacture  of  gunpowder,  the  crude  sjiltpetre  is  subjected  to  a refining  process. 

The  greater  part  of  the  chloride  of  sodium,  which  always  constitutes  the  greater 
part  of  the  impurities  present,  and  is  much  less  soluble  in  boiling  water  than  nitrate 
of  potassium,  is  separated  by  treating  the  crude  sultpetro  with  a quantity  of  boiling 
water  sufficient  to  dissolve  the  whole  of  the  nitrate  of  potassium,  but  not  the  whole 
of  the  chloride  of  sodium.  Thus,  suppose  6,000  lbs.  of  the  crude  salt  containing 
6 per  cent,  chloride  of  calcium  and  14  per  cent,  chloride  of  sodium  to  be  treated  with 
12,000  lbs.  of  boiling  water;  the  solution  will  then  take  place  in  the  following  manner: 


iM. 

The  19,000  Ibfl.  of  water  are 
capable  of  duaolring 
at  100°: 

ItH. 

Chloride  of  potassium 

360 

. . 684 

Chloride  of  sodium  . 

840 

324 

Nitrate  of  potassium 

4800 

4800 

6000 

100 
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Thore  will  then  remain,  when  the  water  has  ceased  to  act,  840  — 324  = 616  lbs. 
of  chloride  of  sodium  undissolred.  This  residual  salt  is  scooped  out  of  the  pan,  and 
the  solution,  after  being  diluted  to  a certain  extent,  is  boiled  with  glue,  to  coagulate 
the  extractive  matters  and  cause  them  to  rise  as  a scum  to  the  surface.  This  having 
been  removetl,  the  concentrated  solution  is  transferred  to  the  crystallising  pan,  in 
whicli  it  is  U‘ft  to  cool,  and  >is  soon  as  crystallisation  begins,  the  liquid  is  constantly 
stirri'd,  so  as  to  prevent  the  formation  of  large  crystals  (which  would  inclose  consi- 
derable quantities  of  mother-liquor  in  their  cavities)  and  cause  the  nitrate  of  potassium 
to  separate  out  in  the  form  of  a crystalline  powder  called  saltp<trc-j{our.  By  this 
means,  a mass  of  minute  crystals  of  nitrate  of  potassium  is  obtained,  merely  coutami- 
naU-d  with  adhering  mothir-Uquor,  w'hieh  is  easily  removed,  partly  by  draining,  and 
finally  by  washing  with  a saturated  solution  of  pure  nitrate  of  potassium,  which,  though 
unable  to  take  up  any  mure  of  that  salt,  is  still  capable  of  dissolving  the  alkaline 
chlorides  contained  in  the  adhering  mother-liquor.  It  then  only  remains  to  dry  the 
purified  saltpetre  by  heat. 

I^roductiun  of  Nitrate  of  Potassium  from  Chile  Saltpetre. — Nitrate  of  sodium  is 
cosily  converted  into  nitrate  of  p •iiiBsium  by  adding  it  to  a hot  concentrated  solution 
of  curbunute  of  potiissium.  Au  immediate  precipitation  of  carbonate  of  sodium  takes 
place,  and  if  this  be  removed  ns  long  as  it  continues  to  si'parate  on  further  evaporation, 
and  the  remaining  solution  left  to  cool  iu  the  crystallising  pans,  saltp*tre-Jiour  is 
obtaiued,  which  merely  rt^quires  washing  and  drying  us  above  described  to  render  it 
pun*.  100  lbs.  of  nitrate  of  sodium  require,  according  to  the  purity  of  the  salt,  from 
80  to  100  lbs.  of  carbonate  of  potassium. 

This  mode  of  preparation  is  much  easier  than  those  already  described,  and  in 
l(K’alilies  where  |)Otash  is  not  too  cxpensiv€»,  is  now  extensively  adoj)ted.  The  chief 
difficulty  exjK>rienced  in  carrying  it  out  arises  from  the  presamce  of  common  salt  in 
Chile  sult{)etre  : for  if  more  putiish  bo  added  than  is  required  to  decompose  the 
nitrate  of  sodium,  the  excess  decomposes  chloride  of  sodium  to  no  purpose;  and  in  the 
contrary  ease,  the  product  is  Hkely  to  be  contaminated  with  undecompos<*J  nitrate  of 
sodium.  The  best  way  of  averting  this  inconvenience  is  to  purify  the  nitrate  of  sodium 
by  previous  erystalli*iation. 

Some  manufacturers  render  the  potash  caustic  by  means  of  limo  before  mixing  it 
with  the  nitrate  of  soiUura,  and  after  keeping  the  mixesl  solution  in  a state  of  ebullition 
for  some  time,  leave  it  to  cool  slowly  in  a closed  vessel.  Nitmte  of  potassium  then  crys- 
tallises out,  and  caustic  soda  remains  in  solution. 

In  Belgium,  large  quautities  of  saltpetre  are  obtained  by  decomposing  nitrate  of 
sodium  with  potash  obtained  from  the  ashes  of  the  be<'t-root  sugar  manufacture.  The 
nitrate  of  potassium  from  this  source  is  veiy*  pure,  and  is  produced  at  a very'  low  price. 

Nitrate  of  sodium  may  also  be  converted  into  nitrate  of  potassium  by  doulde  dt»com- 
position  with  chloride  of  potassium  in  equivalent  proponions  (74  7 pts.  KCl  to  85  pts. 
of  NaNO*).  On  evaporating  the  mixed  solution,  chloride  of  sodium  separates  out  first, 
while  nitrate  of  potassium  romains  in  the  niuther-liquor,  und  crystallisc'S  on  cooling. 

Pro^)crties. — Nitrate  of  potassium  is  dimorphous.  It  usually  crystallises  from  con- 
centrated aqueous  solution  m long six-sidtnl  prisms  belonging  to  the  trimelric  system,  and 
frequently  exhibiting  the  combination  ocP  . oefoo  ,21*00  .Bee  . P (fig.  268,  Chtstallo- 
ORAFHT,  ii.  147), or  the  same  without  ?oo  ; also  without  P.  Thecombiuations  P . . 

ooP  . ooP*  , and  P . 2P00  likewise  occur.  Hatio  of  axes  a : b \ c ^ 0‘689  : 1 : 
0'70l.  P : P in  the  brachydiagonal  principal  section  = 131®  27’;  (macr.)  •»  91®  29'; 
(basal)  = 108®  12'  ; ceP  : ocp  - 61®  0' ; too  : too  (basal)  - 70®  4' ; 2tco  : 2too 
(basal)  109.  Cleavage  imperfect  parallel  to  oeP  ; somewhat  easier  parallel  to  too  . 
Specific  gravity,  = 211  (Kopp)  ; 2 1006  (Karsten);  2100  (Schiff);  2086 
(Schroder).  The  crystals  arc  anhydrous,  but  often  contain  mother-liquor  inclosed 
in  their  cavities.  Nitrate  of  potassium  also  crystallises  in  rhonrhofiednil  forms  resem- 
bling ordinary  calcspar.  Fran  ken  h ei  m (Pogg.  Ann.  xcii.  354)  observed  that  when  a 
drop  of  saltpetre  solution  is  left  to  evaporate  under  tlie  microscope,  rhombobedrol 
crystals  make  their  appearance,  together  with  the  ordinary  prismatic  crystals  ; if  the 
evaporation  takes  place  very  slowly,  the  crystals  are  almost  wholly  rhoratwhedral,  and 
these  if  touched  with  a prismatic  crystal,  immediately  become  turbid  aud  are  converted 
into  a mass  of  prismatic  crystals.  On  the  other  hand  a prismatic  crystal  of  saltpetre 
may  be  converted  into  a mass  of  rhombohedral  crystals  by  heating  it  nearly  to  its 
melting  point.  All  these  phenomena  may  bo  very  distinctly  observed  by  means  of 
tlie  polarising  microsetjpe. 

Nitrate  of  potassium  is  white,  inodorous,  and  has  a cooling  bitter  taste.  When 
perfectly  pure  it  dissolves,  according  to  Gay-Lussac,  in  74  pts.  water  at  0®,  in  nearly 
34  pta  at  18®,  in  IJ  pt,  at  46®,  in  less  tlia.i  4 pt.  at  90®,  and  in  0*4  pt  at  100®. 
According  to  H.  Schiff  (Ann.  Ch.  Phann.  evii.  293)  the  specific  gravities  of  aqueous 
solutions  of  nitrate  of  potassium  of  various  stivngths  are  as  follows: 
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WHfbtofKNO*  Specific  graritj  Weight  of  KSO*  Specific  gracitg 

is  100  pts.  of  of  solution  io  100  pts,  of  of  solution 

•olution.  at  31*^.  solution.  at  Si's. 

24-93  . . 1-1683  8.31  . . 1-0510 

16-62  . . 1-1073  6-54  . . 1 0337 

11-08  . . 1-0695  2-77  . . 1 0170 

Aocording  to  Kreiners  (Jahro-ib.  1861,  p.  61),  the  specific  gravity  at  19-5°  of  solution 
of  saltpetre  conUining  12  7 per  cent,  of  saltpetre,  is  10895;  of  a 23  7 per  cent, 
solution,  1 1275.  It  is  sparingly  soluble  in  aqueous  alcohol,  quite  insoluble  in  absolute 
alcohol. — Schiff  {ibid.  p.  87)  has  made  the  follow-ing  determinations  of  the  solubility 
of  nitrate  of  potassium  in  spirits  of  wine  of  various  strengths : 

Weight  nf  anhydrous  Weight  ufKNO*  Weight  of  anhyiirnus  Weight  of  KVO*  in 

alcohol  in  100  pts.  In  100  ^s.  of  soliittor  alcohol  in  liio  pts.  loo  pts.  of  solution 

of  spiriL  saturated  at  ISO.  of  spirit.  saturated  at  ISO. 

0 . . . '20-5  40  ...  4-3 

10  . . . 13-2  .50  ...  2-8 

20  . . . 8-5  60  . . . 1-7 

30  ...  5-6  80  . . . 0-4 

(Sec  further,  Stortr*a  Dictionary  of  Soiuhilitifa,  p.  389.) 

Kitmte  of  potassium  molts  below  a rtsi  heat  without  loss  to  a colourless  liquid,  which 
solidities  on  cooling  to  a white  opaque  fibrous  mass  called  in  commerce  Mineral 
cryatal,  yUrtim  tabulatum^  SalprumUee : the  commercial  product  often  however  contains 
nitrite  of  potassium,  in  consequence  of  too  much  heat  having  been  employc<i  in  the 
fusion.  At  a red  heat,  saltpetre  gives  oflf  oiygen  g«s,  nt  first  tolerably  pure,  but  after- 
wards contaminated  with  a continually  increasing  quantity  of  nitrogen,  and  is  thereby 
converted  first  into  nitrite,  then  into  a mixture  of  protoxi»le  and  peroxiilc  of  potassium. 
Saltpetre  deflagrates  in  the  fire  with  charcoal  and  other  combustible  bodies;  an 
sulphur,  phosphorus,  iron,  zinc,  &c. ; and  e\-en  oxidisc.s  gold,  silver,  and  platinum. 
By  ignition  in  contact  with  copper  foil,  it  is  convertetl  into  nearly  pure  protoxiile  of 
potassium,  which  when  dissolved  in  water,  yields  caustic  potash.  Iron,  at  a red  heat, 
dccomtioees  the  saltpetre  quit©  as  easily  as  copper,  but  the  product  is  contaminated 
with  the  foreign  substances  present  in  the  iron.  (Wohler,  Ann.  Ch.  Tharm.  Ixxxvii. 
373.) 

On  the  oxidising  power  of  saltpetre  at  a red  heat  depends  its  use  in  the  manufacture 
of  gunpowder  (ii.  956),  and  other  explosive  mixtures.  It  is  frequently  also  employed 
in  the  prepjoration  of  lucifcr  matchea  instead  of  chlorate  of  potassium,  and  has  the  ad- 
vantage of  producing  a composition  which  ignites  by  friction  without  the  inconvenient 
and  dangerous  projection  of  burning  particles,  which  often  takes  place  on  the  ignition 
of  ordinary  matches  made  with  the  chlorate. 

Valuation  of  Saltpttre. — For  the  variou.s  applications  of  saltpetre,  and  especially  for 
the  manufacture  of  gunpowder,  it  is  important  to  j>oaKes8  a ready  method  of  ascertaining 
its  relative  purity.  One  of  the  oldest  methods  is  that  of  Schwarz,  adopte<l  in  Sweden, 
which  is  based  upon  the  appearance  of  the  fractured  surface  of  the  melted  salt,  that  of 
pure  nitrate  of  potassium  being  coarsely  radiate,  whereas  when  chloride  of  sodium  is 
present,  this  structure  becomes  less  distinct,  and  with  3^  per  cent,  of  that  salt,  is  visible 
at  the  edges  only,  the  interior  of  the  mass  being  amorphous.  This  crude  method  is 
called  the  rtfraction  of  saltpetre,  a term  which  lias  l*een  somewhat  strangely  extended 
to  other  methods  of  valuation.  In  France  Kiffaull's  method  is  sometimes  used, 
which  consists  in  washing  a weighed  quantity  of  the  saltpetre  with  a saturated  solution 
of  pure  nitrateof  pota-ssium  at  16^  ; this  solution  extracts  the  chlorides,  leaving  the  pure 
nitrate,  which  is  drained  from  mother-liquor  on  slabs  of  gypsum,  then  dried  and 
weighed.  This  method,  like  the  preceding,  can  give  only  rough  approximations. 

A more  exact  method  is  that  of  Gay-Lussac,  which  consists  in  igniting  1 pt.  of 
the  saltpetre  with  J pt,  charcoal  and  4 pts.  common  .salt  to  moderate  the  action.  The 
nitrate  is  thereby  converted  into  carbonate,  the  amount  of  which  can  be  estimated  by 
titration  with  standard  sulphuric  acid.  Errors  may  however  arise  in  this  process,  partly 
from  a portion  of  the  nitrate  remaining  undecomposed,  psirtly  from  formation  of  cyanide 
of  potassium;  but  according  to  Abel  and  Bloxam  (Chem.  Soc.  Qu.  J.  ix.  97),  ex- 
act results  maybe  obtained  by  tho  use  of  very  finely  divided  carbon,  namely  Brodie’a 
prepared  graphite  (L  758),  the  projwrtions  being  2U  pts.  saltp«-tre,  5 graphite,  and  80 
chloride  of  8<MiQm.  If  the  saltpetre  contains  sulphates,  which  will  be  redneed  to  sul- 
phides by  ignition  with  carbon,  a small  quantity  of  chlorate  of  pota.ssium  must  bo 
sprinkled  on  the  surface  of  the  mass  immediately  after  removal  from  the  fire ; the  sul- 
phides will  be  thereby  completely  reconverted  into  sulphates. 

The  quantity  of  nitrate  of  potassium  in  a sample  of  commercial  saltpetre  may  also 
be  estimated  by  Pelouzc*  s method,  depending  on  the  oxidation  of  ferrous  chlonde  by 
nitric  acid  (p.  87),  or  by  igniting  the  saltpetre  with  silica  or  anhydrous  borax  (p.  86). 
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In  Auntria,  saltpetre  is  assayed  by  the  method  of  Hass,  founded  on  the  rarying  so- 
lubility of  nitrate  of  potassium  in  water  at  different  temperaturea  6 o*.  of  the  s^tpetre 
to  bo  tested  are  dUsolved  in  12  or.  of  water  at  M°  C..  and  the  temp<  rature  is  observed 
at  which  the  bquid  just  begins  to  deposit  erystala  The  percentsM  of  m^te  of  potas- 
sium is  then  determined  by  the  foUowing  table,  the  results  not  being  affected  by  the 
pre«ence  of  cbloridea. 

Crysiallisinff  points  of  Boiutioru  of  yitraU  of  Potassium  of  various  d<grcf$  of 
conctntration. 


Tempers- 

ture. 

Reaumur. 

Quantity  of  | 
pure  laltiietre  in 
loo  parti  of  the 
solution. 

Quantity  of 
pure  laltpetre  in 
100  parti  of  the 
aample.  j 

Tempen^ 

lure. 

Reaumur. 

Quantity  of 
pure  laltpetre  in 
loo  |>arti  o(  the 
•olutiou. 

Quantity  of 
;>u^e  saltpetre  lo 
lUO  ^•am  • 1 the 
lample. 

+ 8° 

2272 

66  7 1 

+ 11-25“ 

3000 

75 

8-26 

22-53 

66-3  1 

11-60 

30-30 

75-9 

8f)0 

22-80 

67*0  1 

H-75 

30-72 

76-8 

8-73 

23-08 

67-7 

16 

31  09 

77-7 

9 

23-36 

68-4 

15-25 

31  16 

78-6 

9-25 

23-61 

69*1 

15-50 

31-83 

79-6 

9-60 

23  92 

69-8 

15-75 

3-2-21 

80-5 

9-73 

24-21 

60  5 

16 

32-59 

81  5 

10 

24-51 

61-3 

16  25 

33  97 

8-21 

10-25 

21-81 

02 

16-50 

33-38 

83-4 

10-50 

26-12 

62-8 

10-75 

33-75 

84-4 

10-76 

25-11 

63-5 

17 

31  15 

85-1 

11 

26-71 

64-3 

17-25 

ii-l  '00 

8G  4 

11-25 

26  02 

65 

17-50 

31  90 

87  1 

11-50 

26-32 

65-8 

17-76 

35-38 

88-4 

11-75 

26  61 

06-6 

18 

35-81 

89-5 

12 

26-96 

67-1 

18-25 

30-25 

906 

12-25 

27  28 

08-2 

18-50 

30  70 

91-7 

12-60 

27-61 

66 

18-75 

37-15 

92-9 

12-75 

27-91 

698 

19 

37  61 

94 

13 

28-27 

70-7 

19  25 

38-01 

95  2 

13-25 

28-61 

71-5 

19-50 

38-55 

96-4 

13-60 

28-95 

72-1 

19-76 

39  03 

97  0 

13-76 

29-30 

73-2 

20 

39  51 

98-8 

14 

29-65 

74-1 

I 20-25 

40 

100 

According  to  F.  Toel  (Ann.  Ch.  Pharm.  e,  78)  Husz'h  method  gives  exact  results 
only  when  40  pta.  of  the  aaltpetro  to  be  tested  are  dissolved  in  exactly  100  pta.  of  water 
at  46°  R.  (66^  C.  or  133^  F.),  the  solution  subsequently  cooled  by  inimeraing  the  veasel 
in  cold  water,  and  the  temperature  at  which  cryatalliaation  bemns,  carefully  observed, 
the  solution  being  constantly  stirred  aa  it  cools.  To  ensure  the  right  proportion,  tho 
hidtpetre  is  dissolved  in  tho  pro{>er  quantity  of  water  contained  in  a tared  beaker  ghiaa 
with  a thermometer  inserted,  and  heated  to  46° — 60°  R.  in  a water-bath,  the  water 
which  evaporates  while  tho  salt  is  dissolving  being  replaced.  The  solution  is  filtered 
to  remove  any  solid  particles  suspended  in  it,  which  might  cause  the  crystallisation  to 
take  place  too  soon,  and  the  first  half  which  runs  through  is  used  for  observing  the 
tem^’mture  at  which  aystallisation  begins.  With  10  dmehms  of  saltpetre  and  26 
drachms  of  water,  the  quantity  of  water  which  evaporates  during  the  operation  gene* 
ndly  amounts  to  8 or  10  grains,  and  that  which  is  lost  during  the  cooling  and  stirring 
to  2 or  3 grains. 

this  method,  Toel  and  IIoycrmaDn  also  determine  the  amount  of  nitrate  of  sodium 
in  nitrate  of  potassium,  an  impurity  which  generally  exists  in  the  salt  prepared  from 
Chile  saltpetre,  in  consequence  of  imperfect  decomposition.  The  amount  of  nitrate  of 
potassium  is  fijret  determined  in  the  cpren  sample,  exactly  in  the  manner  just  described; 
then  about  drachms  are  dissolvea  in  26  drachms  of  water,  a drachm  uf  carbonate  of 
potassium  is  added,  the  cz^stalUsing  point  is  observed,  and  the  solution  is  boiled 
for  an  hour  to  convert  the  nitrate  of  s^um  completely  into  nitrate  of  potassium.  The 
solution  is  now  left  to  cool  to  60°  R.,  the  water  being  replaced  as  it  evaporates,  then 
filtered,  and  the  crystallising  point  again  observed.  If  the  sample  contained  nitrate  of 
sodium,  tho  OTStallising  temperature  will  now  bo  found  higher  than  before,  viz.  0-16° 
R.  for  1 wr  cent  of  nitrate  of  sodium,  0*36°  R.  for  2 per  coat.,  0*8°  R.  for  3 per  cent, 
and  r56°  R,  for  4 per  cent 
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Hie  amount  of  nitrate  of  sodiom  in  saltpetre  may  also  be  approximately  determined 
by  ascertaining  the  quantity  of  water  whi<^  it  absorbs  when  exposed  to  an  atmosphere 
saturated  with  mmsture.  According  to  the  obsermtions  made  by  the  Prussian  officers 
of  artillery,  it  appears  that  pure  nitrate  of  potassium  exposed  orer  the  surfoce  of  water 
for  fourteen  days,  remains  comparatively  diy,  whilst  nitrate  of  sodium  placed  under  the 
eame  circumstances,  absorbs  26  per  cent,  of  water.  When  artificial  mixtures  of  the 
two  salts  in  a pure  state,  are  subjected  to  the  same  treatment,  the  quantities  of  water 
absorbed  are  as  follows : 


Mixture  with  percentage 
of  nitrate  of  sodium 

Abeorbed  in  14  days 


0-5 

1 

3 

1 

6 

2-5 

4 

10 

12 

All  gunpowder  containing  this  variety  of  saltpetre  would,  of  course,  become  moist 
in  the  same  proportions,  and  would  thus  be  rendered  useless. 

A third  method  of  determination  is  based  upon  the  alteration  which  an  admixture 
of  nitrate  of  sodium  produces  in  the  solidifying  point  of  »iltpetre  heated  above  its 
melting  point.  Nitrate  of  potassium  melts  at  368°  C.  (674*4°  F.X  and  nitrate  of 
sodiom  at  313°  C.  (695*4°  F.).  For  mixtures  of  100  pts.  nitrate  of  potassium  with 
different  proportions  of  nitiate  of  sodium,  the  following  melting  points  hare  been 
observed. 


QuaMilie*  of 
added 
CO  100  pet. 

RNCP.  MeUins  points. 


10  pto.  . 

. 311°  C.  - 

691-8  °F. 

20  „ . 

. 280  - 

686 

30  „ . 

. 260 

482 

40  „ . 

. 230  - 

446 

46-7  „ . 

. 226 

438 

Quantities  of 
NaNCP  addrd 


to  100  ptt. 
KSO>. 

Molting  polnu. 

60  pts.  . 

. 229°  C.  - 444-2°  F. 

60  „ . 

. 244  - 471-2 

70  „ . 

. 262  - 603-6 

80  „ . 

. 281  - 637-8 

90  „ . 

. 298  ..  668-4. 

The  lowest  melting-point  is  exhibited  by  a mixture  of  the  two  salts  in  equivalent 
proportions  (46*7  per  cent,  of  nitrate  of  sodium),  which,  according  to  Scbaffgotsch,  molts 
at  226°  C.,  and  according  to  Person  at  219*8°. 

Small  quantities  of  nitrate  of  sodium  mixed  with  nitrato  of  potassium  may  bo  de- 
tected by  the  yellow  colour  which  sodium-compounds  impart  to  the  blowpipe  flame,  or 
still  better  by  spectral  analysis  (iii.  622). 

Small  quantities  of  chlorides  sometimes  present  in  refined  salt^tre  are  easily  de- 
tected by  nitrate  of  silver  and  estimated  by  means  of  a standard  solution  of  that  salt 

iVrsoFj  method  for  the  complete  analytsU  of  Saltpetre  (K^p.  Chim.  app.  1861,  pp. 
263,  366).-~The  quantity  of  water  is  first  determinea  by  heating  60grms.  of  the  salt- 
petre in  a platinuir  crucible,  and  weighing  it  after  cooling,  care  being  taken  that  the 
heat  does  not  rise  much  above  the  melting  point  If  the  saltpetre  contains  nitrate  of 
calcium  or  magnesium,  1 grm.  of  dry  chromate  of  potassium  must  be  added,  to  prevent 
the  decomposition  of  these  salts. 

To  determine  the  insoluble  matters,  the  fused  mass  is  treated  with  water,  the  liquid 
filtered,  and  the  undissolve<l  matter  washed,  dric*d  and  weighed.  The  liquid  is  then 
concentrated  to  a determinate  volume,  N.  The  chlorides  are  estimated  in  this  solution 
by  means  of  two  standard  silver-solutions,  one  containing  27  gnuB.,  the  other  2*7  grms. 
of  silver  in  a litre.  A cubic  centimetre  of  the  former  corresponds  to  0*01466  grm.  of 
chloride  of  sodium,  or  to  0*01864  grm.  of  chloride  of  potassium. 

The  sulphates  are  likewise  estimated  vnlumctrically  by  means  of  a standard 
solution  of  chloride  of  barium,  containing  269*8  grammes  of  this  salt  in  a litre,  and 
therefore  corresponding  to  0*179  mwmme  of  sulphate  of  sodium  or  0*208  mmmo  of 
sulphate  of  potassium.  To  make  tno  detennination,  200  cubic  centimetres  of  the  solution 
y,  are  mixM  with  a few  drops  of  acid  in  a platinum  dish,  then  heated  to  boiling,  and 
the  standard  solution  is  cautiously  added  in  slight  excess.  The  saltpetre  solution  N is 
then  gradually  added  from  a burette  to  the  liquid  contained  in  the  (Usb,  till  the  excess 
of  the  baryta-solution  is  decomposed  and  the  whole  of  the  baryta  precipitated.  This 
last  operation  is  rather  tedious,  because  the  liquid  does  not  easily  clarify,  and  it  is  ne- 
cessary to  filter  a sample  from  timetotime.  From  the  proportion  between  the  total  volume 
of  the  liquid  N used  in  the  experiment,  and  the  volume  of  baryta-solution  present,  the 
amount  of  sulphate  in  the  saltpetre  may  be  calculated.  The  nitric  acid  is  estimated 
by  igniting  the  fused  saltpetre  with  acidchromate  of  potassium,  the  loss  of  weight  giving 
the  quantity  of  nitric  anfiydride ; or  tlio  estimation  may  be  made  by  any  of  the  methodi» 
alrei^y  given  for  the  analysis  of  nitrates  (pp.  85-89). 
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Nitbatb  of  Rhodium.  Sesqaioxide  of  rhodium,  or  the  correwponding  hydmte, 
forms  with  nitric  acid  a dark  rod  solution  which  yields  a deliquescent  salt  of  the  same 
colour.  Sodio-rhodic  nitrntf^  NaRh'"N*0'*,  forma  dark  red  crystals,  easily  soluble  ia 
water,  insoluble  in  alcohol.  (Berzelius.) 

Nitbatb  of  Rubidium,  RbNO",  crystallises  in  hexagonal  combinations,  P .ocP  . 
P2  . ooP2.  in  which  the  length  of  the  principal  axis  is  0 7079,  and  the  angle  P : P,  in 
the  terminal  edges  143°  O',  in  the  lateral  edges  **  78°  40*.  It  dissolves  in  5 pt.«. 
water  at  0°,  and  in  2*3  pts.  at  10®.  Behaves  like  saltpetre  when  heated.  (Kirchoff 
and  Bunsen,  Phil.  Mag.  [4]  zxii.  55.) 

Nitbatb  ofSilveb.  AgNO*.  Lunar  cauttic.  iMpis  infrmalis,  HoUenstnn. 
—When  a piece  of  pure  silver  is  suspended  in  nitric  acid,  it  dissolves  for  a time  with- 
out effervescence  at  a low  tempeiMturc,  nitrous  acid  being  produced,  which  colours  tlie 
liquid  blue;  but  if  heat  be  applied  or  the  temperature  allowed  to  rise,  the  metal 
dissolves  with  violent  effervescence,  from  the  escape  of  nitric  oxide.  The  nitrate  of 
silver  crystallises  on  cooling  in  colourless  anhydrous crj’stals  Wlongingto  the  trimetric 
system.  Ratio  of  axes,  a : 6 : c *»  0 9433  : 1 : 1 370.  P : P (braehyd.)  «»  104®  18’; 
(macr.)  •»  98°  51';  (ba-sal)  = 126°  48';  qcP2  : ocp2  (basal)  « 5i»®  30'.  Ordinary 
combination  P . oP  . <xf*2  ; often  with  four  P-faces  lying  in  the  .same  zone,  so  much 
developed  that  with  the  two  basal  faces  oP,  they  give  the  crystal  the  aspect  of  a six- 
sided  pri.sm.  Nitrate  of  silver  is  soluble  in  1 part  of  Cfild,  in  ^ part  of  hot  water,  nnd 
in  4 part-s  of  boiling  alcohol.  The  solution  does  not  redden  litmus  paper  like  m*ist 
metallic  salts,  but  is  exactly  neutral.  Nitrate  of  silver  melt.s  at  219°,  and  forms  a 
crystulline  mass  on  cooling  ; it  is  cast  into  small  cylinders  for  the  use  of  surgeons.  In 
this  state  it  is  sometimes  adulterated  with  nitrate  of  potassium,  which  may  W detectivl 
by  the  alkaline  residue  which  the  salt  then  leaves  when  heated  before  the  blow-pipe — 
or  with  nitrate  of  lead,  in  which  case  the  solution  of  the  salt  is  precipitated  by  iodide 
of  potassium,  of  a full  yellow  colour.  When  applied  to  the  flesh  of  animals,  it 
instantly  destroys  the  organisation  and  vitality  of  the  part.  It  forms  insoluble  com- 
ixiuuds  with  many  kinds  of  animal  mutter,  ami  is  employwl  to  remove  it  from  solution. 
When  organic  substances,  to  which  a solution  of  nitnite  of  silver  has  been  applied,  aro 
exposed  to  light,  they  become  black  from  the  reduction  of  the  silver  to  the  metallic 
slate.  A solution  of  nitrate  of  silver  in  ether  is  employed  to  dj'e  the  hair  black.  Cue 
part  of  nitnite  of  silver  and  4 parts  of  gum  arabic  dissolved  in  4 parts  of  water  and 
blackened  with  a small  quantity  of  Indian  ink,  form  the  indelible  marking  ink  u.'^ed 
for  writing  on  linen  (iii.  272). 

Ammonio’nitraUs  of  Silver, — A strong  solution  of  silver-nitrate  snpersiit united  with 


Ag  ) y: 


ammonia  yields  the  compound  AgNO*.2NH*  = in  shining  rhombic  crystals, 

1I‘  ^ 


exhibiting  the  combination  ocP  . oof«  .toe.  It  is  very  soluble  in  water,  permanent 
at  100°,  but  decomposes  at  a higher  tempeniture,  giving  off  nitrogen  and  ammonia. 
Dry  nitrate  of  silver  absorbs  ammonia-gas  in  such  proportion  as  to  form  the  com- 


Ag  ) V* 

pound  AgNO>.3NH>  = NO<  ^ , 
H*  ^ 


which  is  a wliite  coherent  mass,  soluble  in  water  and 


giving  oflr  its  ammonia  when  heated. 

Double  Satti  of  Sil ver-niirate,  a.  With  Cupric  Ci/anidc. — Formed,  ac- 
conling  to  Berzelius,  when  a solution  of  silver-nitrate  is  poured  upon  cupric  cyanide 
recently  precipitated  from  the  nitrate.  It  is  black,  insoluble  in  water,  and  deflagrates 
with  a green  light. 

fi.  With  ^VcrrKrfc  Cyanide.  2AgN0*.HhgCy’.4H*O. — Crystallises  from  a warm 
mixed  solution  of  the  two  salts,  in  large,  limpid,  nacreous  prisms  resembling  saltpetre, 
sparingly  soluble  in  cold,  easily  soluble  in  warm  waU*r  and  alcohol.  (Wohler.) 

y.  With  Mtrcuric  yUratr.  IIbg"N*0*.2AgNO*.  Prisms  soluble  in  water  without 
decompo«*ition.  (Wohler.) 

8.  With  Bromide  of  Silver.  AgNO*.AgBr. — Formed  by  melting  the  component  salt.s 
together  in  atomic  proportion.  Solidifies  into  a crystalline  mass  at  182°  (Schnauss. 
K re  mors,  Jahresb.  1855,  p.  419).  According  to  Riche  (i6k/.  1858,  p.  207)  and  Risse 
{ibid.  1859,  p.  229),  it  separates  in  silky  needles  from  u solution  of  bromide  of  silver 
in  a hot  concentrated  solution  of  the  nitrate. 

♦.  With  Chloride  of  Silver.  Sepanitcs  in  slender  pri.‘*matic  neetlles  from  a solution 
of  the  chloride  in  a hot  saturated  solution  of  the  nitrate.  (R  isse.) 

C With  Cyanide,  of  Silver.  AgNO^AgCy.— When  recently  precipitated  cyanide  of 
silver  is  dissolved  in  a boiling  concentrated  solution  of  the  nitnite,  this  double  salt  is 
deposited  on  slow  cooling  in  slender  needles  having  a strong  lustre.  It  is  decomposed 
by  water,  melts  when  heated,  and  then  detonates  with  great  force,  leaving  silver  con- 
taining cyan^^en. 
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% With  Iodide  of  Silver, — The  compound  2AgNO’.AgI  separates  in  nacreous 
needle-shaped  cr^'stals  a solution  of  iodide  of  silver  in  a boiling  concentrated 

solution  of  the  nitrate  (Weltsien,  Ann.  Ch.  Pharm.  xcr.  127).  According  to  H.  Kisse 
(Jahresb.  1869,  p.  228),  it  is  best  prepared  by  melting  the  component  salts  together  in 
the  required  proportions,  treating  the  resulting  mass  with  a little  boiling  water,  and 
leaving  the  oily  body  which  settles  to  the  bottom  to  crystallise  on  cooling.  It  blackens 
on  exjtosure  to  light,  melts  at  106^,  solidifies  again  at  98°,  dissolves  in  a small  quantity 
of  water,  but  is  decomposed  by  a larger  quantity  and  by  alcohoL 

Another  iodonitrate^  AgNO*.AgI,  is  obtained  by  heating  a moderately  strong  acid 
solution  of  the  nitrate  with  iodide  of  silver,  and  tailing  the  resulting  miuss  for  a long 
time  with  nitrate  of  silver  and  nitric  acid.  It  then  8epnrate.s  in  needles  which  melt  at 
94°  (Schnauss,  Kremers,  Jahresb.  1866,  p.  429).  Accordingto K ich c (?6iW.  1858, 
p.  207),  the  product  thus  obtained  is  very  unstable  ; and  according  to  Kisse  {loc.  cit.) 
it  is  merely  a mixture  of  the  preceding  with  io<lide  of  silver. 

B.  With  nitrate  of  Sodium. — A solution  of  nitrate  of  sodium  mixe'l  with  excess  of 
nitrate  of  silver  deposits,  first  tabular  crystals  of  silver-nitrate,  and  nft^’rwards  rhombo- 
hedral  crystals,  having  the  form  of  sodium-nitrate  but  containing  the  two  salts  in  various 
proportions;  from  2 to  4 at.  NaNO*  to  I at.  AgNO*.  (H.  Kosc,  Pogg.  Ann.  cii.  436.) 

Nitrat*  op  Sodiuk.  NaNO*.  Cubic  Saltpetre.  Chile  Saltjxtre.  JV//rr.— 
This  salt  occurs  abundantly  in  South  America  os  a natural  mineral.  In  the  district  of 
Tarapaca,  Northern  Chile,  thedi^  pampa  for  40  leagues  at  a height  of  3,300  feet  above 
the  sea,  is  covered  with  beds  of  it  several  feet  thick,  associated  with  gypsum,  common 
salt,  sulphate  of  sodium,  and  remains  of  ancient  shells,  indicating  the  fonner  presence 
of  the  sea.  The  following  are  analyses  of  the  crude  nitre  or  Caliche. 


lUres. 

Flichardton  and  Browell. 

Nitrate  of  sodium 

. '64-98 

4314 

36-37 

27-85 

69‘i 

Sulphate  of  sofliom 

. 3*00 

26-30 

11-67 

43-20 

0*68 

Sulphate  of  calcium  . • 

1-36 

1 36 

0-68 

Sulphate  of  magnesium 

. 

trace 

trace 

4-20 

Chloride  of  sotiium  • 

. 28*69 

11-40 

44-80 

18-30 

88*70 

Iodide  of  sodium  . • 

. 0*63 

Insoluble  matter 

. 2*70 

10-30 

3-30 

0-32 

003 

Moisture  . . . 

7-60 

2-30 

6 00 

3*50 

100*00 

10000 

100*00 

100-35 

99*83 

A sample  from  Chile,  analysed  by  Hochstetter,  was  found  to  contain  94'3  percent,  of 
nitrate  of  sodium,  the  remainder  being  composed  of  2*0  chloride  of  sodium,  0’2  sulphate 
of  potassium,  0*4  nitrate  of  potassium,  0*9  nitrate  of  magnesium,  2*0  water,  and  0 2 in- 
soluble matter. 

The  crude  nitrate  is  refined  by  solution  and  crystaUisation.  Tlie  best  refined  nitre 
of  commerce  has  been  found  to  contain  97*70  per  cent,  nitrate  of  sodium,  1*84  chloride 
of  sodium,  *0*36  sulphate  of  sodium,  and  0*11  water.  The  commercial  salt  frequently 
however  contains  not  more  than  90  to  92  per  cent,  nitrate  of  sodium ; small  quantities 
of  iodide  and  iodate  of  sodium  are  of  frequent  occurrence  in  it,  in  addition  to  the 
foreign  salte  above  mentioned.  The  great  solubility  of  nitrate  of  sodium  renders  it 
diflBcult  to  purify  common  salt;  accordingly  the  commercial  nitrate  almost  always 
contains  about  2 per  cent,  of  that  impurity.  The  best  mode  of  purifjnng  it,  on  the 
small  scale,  is  to  heat  the  pulverised  salt  with  nitric  acid  : the  chlorides  arc  thereby 
destroyed,  and  by  solution  and  riNjrystallisation  tho  nitrate  is  obtained  perfectly  pure. 

Nitrate  of  sodium  crystallises  in  obtuse  rhombohedrons,  which  on  cursory  inspection, 
have  very  much  the  aspect  of  cubes : hence  the  name  cubic  saltpetre.  The  length  of 
the  principal  axis  is  0*8276.  Angle  K : K in  the  terminal  edges  =106°  33'.  Cleavage 
very  imperfect  parallel  to  R.  Specific  gravity  — 2*24  (Konp).  2*2266  (Karsten), 
2*256  (Schroder).  It  absorbs  water  from  moist  air,  and  dissolves  easily  in  water, 
producing  considerable  fall  of  temperature.  1 pt.  of  the  salt  dissolves  in  1*26  pt.  water 
at0°  (Marx),  in  1*136  pt.  at  18*76°  (Karsten),  in  1*14  pt  at  1*86°  (Kopp).  The 
saturated  solution  l)oils  at  122°  (Kremers).  The  specific  gravities  of  solutions  of 
nitrate  of  sodium  of  various  strengths  are,  according  to  Schiff  (Jahresb.  1868,  p.  38), 
ss  follows : 


Wctfht  ofS»VO> 
Id  100  pti.  water. 
46*48 
30*99 
20  66 


grsrUjr  of 
•ulutinn  Hi 

1*3806 

1*2326 

1*1478 


WH«M  of 

In  100  p(«.  water. 
1650 
10*33 
616 


Specific  grarltf  of 
solution  at 
11076 
. 10698 

1 0342 


According  to  Kremers  {ibid.  1861,  p.  61),  the  specific  grarity  at  19'6°  of  a solutkiu 
containing  17‘7  per  cent,  nitrate  of  sodium  is  1 1062 ; for  34 ’9  per  cent.,  1'1930  ; fur 
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61'9  per  cent.,  1’2640 ; for  71*7  por  cent.,  1*3354.  Schiff  (ibid.  1861,  p.  87)  ha.i  also 
determined  the  solubility  of  nitrate  of  sodium  in  spirit  of  wine,  of  yarious  strengths  ; 
1 be  results  are  as  follows ; 


tVelght  of  anhydrous 
alcohol  In  lUO  pli. 
of  spirit. 

0 

10 

20 

30 


Weight  of  NaNO* 
In  100  pts.  of  folution 
saturated  at  IS^. 

45*0 
. 39-6 

37*8 
26*2 


Weight  of  anhydrous 
alcohol  in  100  pis. 
of  spirit. 

40 

60 

80 


Weight  ofNaNO' 
in  100  pu.  of  solution 
saturated  at  IS^. 

. 20*5 

. 10*2 

2*7 


100  pts.  wood-spirit  containing  40  per  cent,  methylic  alcohol  dissolro  24*4  pts.  nitrate 
of  sodium  (Schiff.) 

[Respecting  the  solubility  of  nitrate  of  sodium  in  rarious  liquids,  see  further  Storrrs 
Dictionary  of  p.  394.] 

Nitrate  of  sodium  melts  at  a mt^orate  heat  (310^  according  to  Person),  and  solidifies 
to  a white  mass  on  cooling  (at  313^  according  to  Schaffgotsch) ; at  a red  boat  it  is 
dccompos<*d  in  the  same  maimer  as  nitrate  of  potassium,  but  more  easily.  It  de- 
flagrates with  charcoal  and  other  combustible  bodies,  but  not  so  quickly  as  nitrate  of 
|x)tassium.  On  this  account,  as  well  as  from  its  hygroscopic  character,  it  cannot  be  used 
instead  of  nitrate  of  potassium  for  the  manufacture  of  gunpowder.  According  to  some 
authorities,  however,  pure  nitrate  of  sodium  is  not  at  all  hygroscopic ; and  indeed, 
it  is  sometimes  usc^,  after  very  cart‘ful  puridcution,  for  the  preparation  of  blasting 
|x)wder,  which  is  not  required  to  bum  so  quickly  us  sporting  or  war  powder.  It  has 
idso  been  proposed  to  add  anhydrous  sulphate  of  sodium  or  magnesium  to  gunpowder 
)>reparcd  with  nitrate  of  somum,  to  counteract  the  hygroscopic  tendency.  (See 
Jtichardson  and  WatU's  CJumical  Technology^  vol.  i.  pt  4,  p.  436.) 

Nitrate  of  sodium  is  extensively  used  for  ^e  preparation  of  nitric  acid,  and  for  con- 
version into  nitrate  of  potassium  (p.  100).  The  crude  aalt  forma  an  excellent  manure 
for  grass  land. 


NitbatbofStboktivk.  SrNO*  or  Ssr*X*0*. — Prepared  like  nitrate  of  barium. 
Separates  from  a hut  concentrated  solution  in  anhydrous,  from  a cold  and  more  dilute 
solution  in  hydrated  crystals.  The  anhydrous  salt  crystallises  in  octahedrons  and  cubo- 
ocUbodrons  of  sp.  ^r.  2*305  (Buignet),  havinga  cooling  pungent  taste,  soluble  in  6 pts. 
cold,  and  ^ pt.  boiling  water;  it  d(‘crepitutcs  when  heuted,undmelts  when  red-hot,  decom- 
posing at  the  same  time,  and  leaving  a residue  of  strontia.  When  thrown  on  glowing  coals 
It  detonates  slightly, with  a red  flame.  The salt, Ssr'7i’0*.6H^0  (Laurent), 
with  4ll’0  (Souchay  and  Len.ssen,  Ann.  Ch.  Pharm.  xeix.  45),  also  Ordway 
(Jahresb.  1859,  p.  116),  forms  cfAoroscont  crystals  belonging  to  the  monocUnic  system. 
Ilatioof  axes  a : 6 ; c = 0*6896  : 1 : 0*808.  Inclinations  of  6 to  c i»  64^  26‘;  ooP  : ooPin 
the  urthodiagonal  principal  section  1)3^40';  + Poo  : principal  axis  » 67^22';oP: 
ooP  76^20'.  Ordinaiy  combination,  ooP,oP.  + Poo(likefig.  320,  Grtstalloobai'HT, 
ii.l66),or  oep  . ooP3  . oP . + Poo . Nitrate  of  strontium  is  used  for  the  preparation  of 
rod  fire,  for  which  purpose  the  dried  salt  is  mixed  with  flowers  of  sulphur,  chlorate  of 
}>otassium,  sulphide  of  antimony  and  charcoal. 

Aceionitrate  of  Strontium,  | .3H*0,  crystallises  by  spontaneous  evapora- 

tion from  a mixed  solution  of  the  component  salts  containing  a slight  excess  of  acetic  acid 
in  large  limpid  permanent  tabular  crystals  (v.  Uauer,  J.  pr.  Chem.  Ixxiv.  432),  belong- 
ing to  the  triclinic  system,  and  exhibiting  the  combination  oP  . oof^oo . oopoo . oo  *p  , 
'P  . P'00  . i'P.  Ratio  of  axes,  n : 6 : c = 0*6200  : 1 : 1*1697.  lathe  left  upper  octant 
the  angle  a c *=  77°43* ; 6 c — 83°  21';  a 6 * 88°  19'.  The  crystals  cleave  perfectly  parallel 
to  oP;  less  easily  parallel  to  ooPoo.  (Zepharovich,  Wien.  Akad.  Ber.  xli.  617.) 

Nitbatb  of  Tbbdium.  Radio-aystaUine  mass,  permanent  in  the  air,  and  dis- 
solving with  pale  red  colour  in  water. 

Nitbatb  of  Tn  alliu¥,  TINO’,  crystallises  from  a solution  of  thallium  in  nitric 
acid  in  dull  white  needles,  which  melt  at  205°,  with  separation  of  a small  quantity  of 
black  peroxide.  Tho  aqueous  solution  of  the  salt  thus  purified  ^ves  no  precipitate 
with  ammonia,  whereas  from  the  crude  solution  of  thallium  in  nitric  acid,  ammonia 
throws  down  a small  quantity  of  bvdmted  peroxide  of  tliallium.  Nitrate  of  thallium 
has  a specific  gravity  of  6*8,  is  insoluble  in  alcohol,  but  soluble  in  water,  the  saturated 
solution  containing  9*75  per  cent,  salt  at  18°,  43*7  per  cent,  at  68°,  and  66*0  per  cent, 
at  100°.  (Crookes,  Chem.  Soc.  J.  xvii.  141.) 

Nitbatb  or  Thorinvm.  Th"N*0*. —Easily  soluble  in  water  and  in  alcohol. 
The  aqueous  solution  dries  up  over  oil  of  vitriol  to  a ciystalline  mass ; when  left  to 
evaporate  in  the  air,  it  yields  a thick  syrup  (Berzelius);  according  to  Chydenius 
(Pogg.  Ann.  cxix.  43),  it  oiystalliscs  easily.  Hitratc  of  thorinnm  and  wtasmutn, 
K*Th"N*0‘*,  forms  a radiate  mass  soluble  in  water uud  in  alcohol.  (Berzelius.) 
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NiTBiiTis  or  Tik.  Stannic  hydrate  prepared  from  the  chloride  dissolres  freely  in 
nitric  acid«  and  if  very  concentrate  acid  has  been  used,  the  solution  deposits  atannic 
nitraU  in  silky  scales.  If  the  solution  contains  nitrate  of  ammonium,  it  does  not  de> 
compose  at  ordinair  temperatures ; but  in  tbe  contrary  case,  especidly  if  diluted,  it 
deposits  stannic  hydrate,  which  redissolves  on  addition  of  nitrate  of  ammonium.  Me> 
tastannic  hydrate  (produced  by  the  action  of  nitric  acid  on  tin)  does  not  dissolve  in 
nitric  acid. 

Si^nnou4  nitrate  is  produced  by  dissolving  stannons  oxide,  or  hydrate,  or  metal- 
lic tin,  in  cold  very  dilute  nitric  acid ; the  solution  is  easily  decomposed  by  heat,  with 
separation  of  stannic  hydrate. 

Nituatb  op  Ubanium.  U*0*.N’0*.6H*0  or  Nitrate  of  Uranyt  (UO)'NO*. 
311  O. — Produced  by  treating  uranium  or  either  of  its  oxides  with  nitric  acid. 
Crvstallises  in  lemon-yellow  fluorescent  trimetric  prisms,  in  which  a:  b.  c ^ 0874  : 
l b 5703.  Angle  P:  P (brach.)  = 126®  64':(macr.)  - 118®  30' : (basal)  = 84®  28' : 
Tx:  (basiJ)  • 62®  40'.  Oidinaiy  combination  P.  f ao . ool*« . ooPx . The  crystals 

effloresce  slightly  in  dry  air,  and  further  in  a vacuum,  giving  oflThalf  their  water.  They 
dissolve  in  half  their  weight  of  water,  also  in  alcohol  and  ether.  The  aqueous  sol- 
ution is  decompo9<d  at  a moderate  heat,  depositing  a lemon-yellow  pulverulent  sub- 
stance not  jvt  examined.  The  crystals  meft  in  their  water  of  crystallisation,  then 
give  oflf  water  and  acid,  turn  reddish-yellow,  and  leave  pure  uranic,  or  at  higher 
temperatures,  uranosouranic  oxide  (P51igot).  According  to  Ordway  (Jah^b. 
18*^9,  p.  114),  the  crystallised  salt  melts  at  59*5®,  and  begins  to  boil  at  118®,  the 
liquid  remaining  clear  till  about  two-thirds  of  the  water  is  drawn  off,  together  with  a 
little  acid ; the  residue  then  becomes  somewhat  heated  in  contact  with  water,  and  forms 
a turbid  solution  which  afterwards  becomes  clear. 

Kitbatb  of  Vanadium.- a.  Vanadic  nitrate. — Vanadium,  vanadions,  and  vana- 
dic  oxide  dissolve  in  nitric  acid,  forming  a blue  solution  which  may  be  boiled  without 
alloration,  but  dc-composes  at  a certain  degree  of  concentration,  the  reaidne  left  on 
«-vs{Kirating  to  drvncss  consisting  of  vanadic  anhydride  containing  a little  nitric  acid. — 

Niiroi'anadic  acid.  Dilute  nitric  acid  dissolves  vanadic  acid  (or  anhydride)  with 
yellowish  colour,  and  on  evaporating  the  solution  at  ordinary  temperatures,  a radish 
mass  is  left,  from  which  water  extracts  a small  quantity  of  nitro-vanadic  acid. 

Nitbatb  OP  Yttkium.  Laige  colourless  cryst^  (Berzelius).  The  solution 
evaporated  at  50®  and  then  quickly  cooled,  yields  colourless  laminse  (Berlin).  The  salt 
is  aolit^uesoent 

Kitbatxs  of  Zinc.  7%e  normal  aalt,  ZnNO*.3H*0  or  Zzn"N*0“.6H*0  (or  9IPO 
according  to  Schindler),  separates  from  highly  concentrated  solutions  in  limpid, 
flattened,  striated,  four-sided  prisms,  terminated  by  four-sided  pyramid.^.  They  have  a 
sharp  taste,  del^ucsce  in  the  air,  dissolve  readily  in  water  and  in  alcohol ; melt  in  their 
water  of  crystallisation  at  60®,  and  give  ofif  the  whole  of  it  in  a stream  of  dry  air  at 
105®  (Pierre).  According  toOraham,  half  tbe  water  goes  off  at  100®,  the  remainder 
only  when  the  salt  begins  also  to  part  with  its  acid.  According  to  Ordway,  the 
crystals  melt  at  36‘4® ; the  liquid  boils  at  131®,  remaining  clear  during  the  boiling  till 
it  has  lost  42  per  cent  of  its  weight;  the  residue  solidifies  on  cooling  to  a vitreous 
mass  having  nearly  the  composition  Zzn‘’0.3Zzn"N*0*.3H*0.  This  tetrazincic  tali 
was  likewise  obtained  in  prismatic  needles  by  Gerhardt  ^Jahresb.  1847-8,  p.  436). 
Schindler  obtained  the  same  salt  with  only  1 at. water  1^ digesting  the  octozincic  salt 
with  the  normal  salt  The  octozincic  salt,  7Zzn"O.Zzn"N*0*,  is  obtained  with  2 at  water 
by  heating  the  normal  salt  till  the  fused  mass  becomes  nearly  solid  (Grenville), 
or  with  4 at  water  by  priHnpitating  the  solution  of  tbe  normal  s^t  with  a quantity  of 
ammonia  not  sufficient  to  Udte  up  all  the  nitric  acid . (Schindler  and  Grenville.) 

K ITBATB  OF  ZiBCONi UM.  The  solution  of  zirconic hydrate  in  nitric  acid  yields 
by  evaporation  a yellow  gummy  muss,  which  has  a sour  astringent  taste,  and  gives  off 
acid  when  hrated.  If  it  has  not  been  heated  above  100®,  it  redissolves  oompletolpr 
in  water.  The  solution  is  capable  of  taking  up  a considerable  quantity  of  zircuiiic 
hydrate,  forming  a soluble  basic  salt.  If  the  solution  thus  formed  bo  diluted  and 
heated  to  boiling,  it  deposits  a still  more  basic  salt  in  the  form  of  a gelatinous  pre- 
cipitate. A basic  salt  soluble  in  water  and  in  alcohol,  is  likewise  obtained  by  heating 
tile  normal  salt  above  100®. 


Alcoholic  Nitrates.  Nitric  ethers. 

When  nitric  acid  is  heated  with  an  alcohol,  part  of  the  alcohol  is  oxidised,  and  the 
nitric  acid  is  reduced  to  nitrous  acid,  which,  with  the  remainder  of  the  alcohol,  forms 
a nitrous  ether  together  with  oth^  r products  (p.  76) ; but  by  addition  of  urea  or  other 


ed  D)  Ogle 


108 


NITROGEN:  OXIDES  AND  OXYGEN-ACIDS. 


amide,  which  decomposes  the  nitrous  acid  as  fast  as  it  is  formed,  this  action  may  be 
proTented  and  the  alcohol  and  nitric  acid  will  then  form  a nitric  ether. 

N 1TR4TB  or  Amt  r„  Am^l’nitric  cthfr^  C‘n“NO*. — Prepared  by  agitating  10  grras. 
of  nitrate  of  urea  with  30  grms.  of  strong  nitric  acid  in  a retort  for  ten  minutes,  then 
adding  40  grms,  of  amylic  alcohol,  and  gradually  heating  the  mixture,  a cooled  receiver 
being  adapted  to  the  retort.  The  distillate,  which  separates  into  two  layers,  is  shaken 
up  with  water;  the  lower  layer  is  rectified,  the  portion  which  distils  from  148®  upwards 
being  collected  apart ; and  this  portion  is  rectified  twice  more,  the  liquid  which  goes  orer 
at  148®  being  each  time  collected  apart  (W.  Hofmsn  n.  Ann.  Ch,  Phys.  [3]  xxiii.  374  V 
It  is  also  pr^uced  by  the  decomposition  of  dinitrylide  of  amylene.  (Guthrie,  i.  209  ) 

Nitrate  of  amyl  is  a colourless  oil  of  specific  gravity  ()*994  at  10®,  boils  at  148® 
(W.  Hofmann);  acconling  to  Rieckher  (Jahrb.  pr.  Pharm.  xiv.  1),  it  has  a s|>e- 
cific  gravity  of  0'902  and  boils  at  137®.  It  has  an  Odour  of  bugs  and  a sweet  burning 
taste,  with  very  unplejisiint  aftertaste.  It  dissolves  in  ether  and  alcohol,  and  is  pre- 
cipitated from  the  latter  by  water.  Rums  with  u green-edged  flame;  is  decomposed  by 
alcoholic  potash. 

Nitrate  of  Ethtl.  Xilric  fthrr.  Kth/f-nitric  rthrr^  C^H*NO*.  Preparation. 
— 1.  Between  70  an«l  75  grms.  of  alcohol  of  35®  Bin.  is  distilled  with  an  equal  weight 
of  nitric  acid  of  specific  gmrity  1*40  (or  2 vol.  alcohol  to  1 voL  nitric  acidX  and  about 
2 grams,  of  nitrate  of  urea,  the  receiver  being  changed  as  soon  as  the  alcohol  which 
first  comes  over  is  replacwl  by  nitric  ether,  and  the  distillation  stopped  as  soon  as  the 
residue  is  reduectl  to  oDc-thini  of  the  original  mixture.  The  nitric  ether  thus  obtained 
is  washed  with  aqueous  potash,  and  afterwards  with  water,  then  left  for  two  days  in 
contact  with  lumps  of  chloride  of  calcium,  and  finally  decanted  and  rectified  (Millon, 
Ann.  Ch.  Phys.  [3]  viii.  239).  According  to  Carey  Lea  (Sill.  Am.  J.  [2]  xxxii. 
178),  it  U better  to  use  a larger  proportion  of  nitrate  of  urea,  namely  8 or  10  gnus,  to 
the  above  quantity  of  liquid ; with  these  proportions  larger  quantities  of  liquid  may  be 
operated  upon  at  once  (see  also  Heintz,  Jahresb.  1863,  p.  482). — 2.  According  to 
J.  Persoz  (Rt^p.  Chim.  pure,  v.  30),  nitrate  of  ethyl  is  ea.sily  obtained,  without  the 
use  of  urea,  by  dropping  absolute  alcohol  (10  grms.)  from  a very  fine  pipette  into 
highly  concentrated  colourless  nitric  acid  (about  20  grms.)  contained  in  a platinum 
dish,  well  cooled  with  a mixture  of  ice  and  salt.  Tlio  formation  of  tho  ether  takes 
place  as  tho  liquids  mix.  A lump  of  ice  is  then  to  be  thrown  into  tho  mixture,  where- 
by the  acid  is  diluted  without  rise  of  temperature.  If  any  oxidation  of  the  alcohol 
takes  place  from  dropping  it  in  too  quickly — which  may  bo  known  by  tho  emission 
of  red  fumes — a piece  of  ice  must  be  immediately  dropped  in  to  save  the  ether  already 
formed,  and  the  operation  repeated. 

Profiertirs. — Nitric  ether  is  a liquid  of  specific  gravity  1‘112  at  17®,  boiling  at  85® 
or  86®.  Its  vapour-density  at  85’5®  « 3T12;  at  90®  = 3 094;  at  70’3®  **  3’065 ; 
at  64*9®  = 3*079  (Playfair  and  Wenklyn).  It  has  an  odour  different  from  that  of 
nitrous  ether,  and  a very  sweet  taste,  with  bitterish  aftertaste.  It  is  insoluble  in  water, 
but  mixes  in  all  proportions  with  alcohol  and  ether.  It  bums  with  a white  flame;  its 
vapour,  if  heati-d  above  the  boiling  point,  explodes  violently  when  set  on  fire. 

Heated  to  100®  with  alcoholic  ammonia^  it  yields  nitrate  of  ethylamine  (Junca- 
della,  Compt.  rend,  xlviii.  342): 

C»H»NO«  + NH>  « C*H»N.HNO». 

When  a mixture  of  equal  volumes  of  nitric  ether,  alcohol  andstrongaquoousamraoma 
is  heatetl  to  100®  in  a sealed  tul>e  only  two-thirds  filled  with  it,  the  ether  disappears 
completely,  and  the  resulting  solution  contains  di-  and  tri-ethylamine  together  with 
ethylamine  and  ammonia.  With  u considerable  exci'sa  of  ammimia,  the  nitric  ether 
may  l>e  decomposed  even  without  alcohol  (Carey  Lea,  Sill.  Am.  J.  [2]  xxxii.  25.) 

Nitric  ether  is  esisily  reduced  by  sulphide  of  ammonium  in  alcoholic  solution,  yielding 
mercaptan,  according  to  the  equation, 

C^H‘NO»  + 5H'S  - C’H^S  + NH>  + 3H^O  + S*. 

(E.  Kopp,  J.  Pharm.  [3]  xi.  321).  Heated  with  ferrous  acetate  it  is  gradually  re- 
solved into  nitrogen  gas,  a small  quantity  of  nitrous  ether  and  ammonia.  (Carey  Lea.) 

Afercureihylie  Xitrate.  C’Hhg*N*0*  or  C*Ilhg*N*0*.nhg"NH‘>V  Ethylo-mer~ 
curie  nitratf-  Saipttrrsaurea  Atthyl-QuecksUhrn>jnfd.  Xitraie  iTefhyle  et  de  mercure, 
— Tliis  compound,  discovered  by  Sobrero  and  Selmi  (Compt,  rend,  xxxiii.  67),  and 
further  examined  by  Gerhardt  (Chem.  Soc.  Qu.  J.  v.  88),  is  obtainnl  by  mixing  alco- 
hol wi»h  excess  of  a very  strong  solution  of  trimercuric  nitrate.  No  precipitate  is 
formed  in  the  cold,  but  on  heating  the  liquid,  a white  crjstullinc  compound  sepirates 
even  before  the  boiling  point  is  attained,  and  its  formation  continues  without  further 
application  of  heat.  The  r«*aetion  is  as  follows  : 

Hhg»N»(P  + C^H'O  = C'"Hhg>N'0«  + 3H’0. 


Digitized  by  Google 


NITROGEN,  PHOSPHIDES  OF— NITROGLYCERIN.  109 

The  alcoholic  mother-liquor  contains  a lai^e  quantity  of  mercurous  nitrate.  A mer- 
curous saltf  probably  formed  by  secondary  actions,  frequently  also  separates  in  small 
needles  after  the  mercurethylic  nitrate  has  been  removed  by  decantation. 

Mercurethylic  nitrate  is  a white  crystalline  salt  which,  when  examined  by  the  micro- 
scope, exhibits  a highly  characteristic  form,  consisting  of  six-pointed  stars  or  hexagonal 
tables,  shaded  on  the  edges  in  such  a manner  that  similar  stara  appear  within  them, 
with  their  vertices  projecting  into  the  angles  of  the  tables.  The  crystals  gave  by  ana- 
lysis 2*9  per  cent  carbon,  3 hydrogen,  78‘4  mercury,  and  3 6 nitrogen  (Gerbardt), 
agreeing  with  the  formula  C^Hhg*N-0*.H*0,  which  requires  31  carbon,  0’3  hydrogen, 
78*3  mercury,  3 3 nitrogen  and  15  0 oxygen. 

Mercurethylic  nitrate  is  insoluble  both  in  \tatcr  and  in  alcohol.  Heated  in  a small 
tube  it  decomposes  suddenly  and  explosively,  but  without  detonation. — Hydrochloric 
acid  di^^lves  it  completely,  without  leaving  a trace  of  calomel ; hence  it  is  a mercuric 
and  not  a mercurous  salt.  The  hydrochloric  acid  solution  gives  a yellow  precipitate 
with  potash. — Sulphydric  acid  decomposes  the  salt,  forming  sulphide  of  mercury  and  a 
substance  having  the  odour  of  mercaptan.  A strong  aqueous  solution  of  potash  toms 
the  salt  grey ; when  boiled  with  Uie  same  solution,  it  turns  black,  but  is  not  completely 
decomposed ; the  black  substance  is  always  mixed  with  crystals,  however  long  the 
boiling  may  be  continued.  Hydrochloric  acid  does  not  dissolve  this  black  substance, 
though  it  forms  but  a small  quantity  of  calomel.  It  appears  therefore  that  the  salt 
is  essentially  altered  by  the  action  of  the  potasL — Amiaonia  acts  upon  it  in  a similar 
manner. 

Kxtkatb  OF  Msthtl.  Mfthyl-nitric  (thcr.  CH'NO*.— This  ether  is  easily  ob- 
tained by  dissolving  40  grms.  of  nitrate  of  uren  in  200  cub.  cent,  of  pure  methylic 
alcohol,  adding  150  cub.  cent,  of  pure  nitric  acid  of  specific  gravity  1*31  (free  from 
nitrous  acid  so  that  it  giv<*s  no  colouring  with  ferrous  sulphate),  and  distilling  to  oue- 
third.  This  process  is  to  be  twice  repealed,  the  residue  being  mixed  in  the  first  in- 
stance with  170  c.  c.  methylic  alcohol  and  130  c.  c.  nitric  acid,  and  in  the  siHxmd  with 
160  c.  c.  methyl-alcohol,  1 10  c.  c.  nitric  acid,  and  10  grms.  nitrate  of  urea.  The  distillate 
is  washed,  first  with  solution  of  common  salt,  then  with  dilute  carbonate  of  sodium. 
Uy  this  process  420  grms.  m<*thylic  alcohol  yield  300  grms.  crude ‘nitnite  of  methyl. 
(Carey  Lea,  Sill.  Am.  J.  [2]  xxxiii.  227).  Hu  mas  and  P^ligo  t (Ann.  Ch.  Phys.  [2] 
Iviii.  37  X by  distilling  wo(^-spirit  with  saltpetre  and  oil  of  vitriol,  obtained  a liquid 
boiling  at  66^,  which  appears  to  have  been  a mixture  of  nitrate  and  nitrite  of  methyl, 
as  its  analysis  gave  about  3 per  cent,  too  much  carbon  for  the  formula  of  the  nitrate. 
The  vapour  exploded  with  great  violence  when  heated  to  about  150°.  The  proper- 
ties of  the  pure  nitrate  of  methyl  obtained  by  Lea  have  not  been  describinl. 

Nitkate  or  OcTTL.  CH”NO*.  liitrate  of  Capryl. — Produced  by  decompos- 
ing iodide  of  octyl  dissolved  in  alcohol  witli  nitrate  of  silver.  Oily  liquid  w'Uich  has  a 
fruity  odour,  flouts  on  water,  is  insoluble  in  alcohol,  boils  with  dt»composition,  burns 
with  a bright  flame,  and  is  decomposed  by  alcoholic  potash,  yielding  octylic  alcohol 
and  nitrate  of  potassium.  (Bouis,  Ann.  Cb.  Phys.  [3]  xlix.  136.) 

ITZTKOOSir,  PBOSPaXX>£S  OF.  NP".  See  Phospuouosamides. 

WXTBOOSir,  SOXiPaXDB  OF.  NS,  (Fordos  and  G^lis,  Ann.  Ch.  Phys. 
[3]  xxxii.  889.) — This  compound,  the  analogue  of  nitric  oxide,  is  obtained  by  passing 
ammoniacal  gas  t hrough  a solution  of  protosulpbide  of  chlorine  in  disulphide  of  carbon. 
Sal-ammoniac  is  first  precipitated,  and  then  a dark  brown  flaky  substance,  which  is 
decomposed  by  the  further  action  of  the  ammonia.  The  pa-ssage*  of  the  gas  must  bo 
continued  till  the  brown  flakes  have  almost  disappeared,  and  an  orange-yellow  liquid 
is  formed,  which  may  be  se|)arated  from  the  chloride  of  ammonium  by  filtration  and 
obtained  quite  clear.  The  filtrate,  when  left  to  evaporate,  first  deposits  sulphur  and 
afterwards  crjstals  of  sulphide  of  nitrogen.  The  reaction  is  very  compheated,  but 
the  final  result  may  be  represented  by  the  equation : 

3CPS  + 8NIP  « 2XS  -r  S + 6NH*CL 

Sulphide  of  nitrogen  crystallises  in  transparent  golden-yellow  rhombic  prisms  witli 
dihedral  summits.  It  has  a faint  odour,  adheres  strongly  to  paper  if  rubbed  upon  it, 
and  produces  painful  irritation  of  the  mucous  membrane  of  the  nose  and  eyes.  It 
explodes  by  percussion  or  when  heated  to  160° — 160°.  It  dissolves  very  sparingly  in 
alA>hol,  et^er,  and  sulphide  of  carbon  : water  does  not  dissolve,  but  slowly  decomposes 
it.  Its  solution  iu  sulphide  of  carbon  also  undergoes  slow  decomposition.  It  unites 
in  several  proportions  with  the  sulphides  of  chlorine. 

inTROOXUrZOBK.  Syn.  with  KlTBOOXN. 

VXTAOOEK7XAVZC  ACFD.  See  Gentiaxic  AciO  (ii.  830^ 

VZTBOOXiTCXRZSr.  See  Gltceilim  (u.  890). 


no  NITROMETHIDES. 

irrraoHAai«AX.nrg.  Sen  nARHXLiKB  (Ui.  9). 


armoBAMczHii  or  wmoBAJUKnm«  See  Ha^vikb  (iii.  ii). 

VXTBO-BSBCATZC  ACXB.  Syn.  with  Picraxic  Acid. 

M’ZTXOBauvxir,  See  HsLionx  (iii.  138). 

N ATAtOHUnmiC  Aoxn.  See  Hifpttbic  Acid  (iii.  161). 

irmOKinwZC  ACZB.  See  Uluic  Acid. 

irZTBOU1EI>UJlZUC  ACZ1>.  See  Htditbiuc  Acn>  (iii.  221,  footnote). 

wrrso-nroszra.  See  Ixosm  (iii.  276). 

VXTBO-ZOBZO  ACZB  or  AJfHTBBZBB,  See  loDic  Acid  (iii.  299). 

irmoXA.CT»r.  See  Hujc-Sdoab  (iii.  1024). 

SI  IT  AOBBBCZC  ACZB.  Syo.  with  Nitratb  of  Lbvcihb.  (See  Lbcclvi^ 
iii.  582.) 

WZTBOMAinrzTE.  See  Maxnitb  (iii.  825). 

srZTBOMBGOirzv.  See  Mbcokin  (iii.  863). 

VZTBOMSBAirZBZra.  Sec  hlsLAifiLXXB  under  PHRimjkxnrss 

VZTSOBKBSZBZBB.  See  Mesityxenb  (iii.  930). 

VZTBOSmSXTTXBZrBS.  See  Mbsittlexb  (iii.  930). 

XFZTStOMSTACBTOSTZC  ACZB«  Syn.  with  NiTBO-pBOPioinc  Acid.  (See 
Pbopionic  Acid.) 

NZTBOSCBTBZBBB.  ThU  name  may  be  applied  to  certain  compounds  derivable 
from  mariih-g!iH  (hydric  methide)  by  the  substitution  of  one  or  more  molecules  of 
nitryl  for  an  equivalent  quantity  of  hydrogen.  Their  names  and  formulee  arc  given  iu 
the  following  table,  in  which  nitryl  (NO*)  is  denoted  by  X. 


Ttpu,  C H H H H, 

1.  Tribpomonitromethidc,  Nitro-bromoform  or  Promopicrin  . C X Pr  Br  Hr 

2.  Trichloronitromethide,  Nitrochloroform  or  Cbloropicrin  . C X Cl  Cl  Cl 

3.  Trinitromethide  or  Nitroform C X X X H 

4.  Promotrinitromethide  or  Prumonitroform  . . , C X X X Pr 

5.  Tetranitromethide CXXXX 

6.  Cj’anonitTomelhide,  Nitr.icetonitrlle  or  Fulmlnie  acid  . C X II  H Cy 

7.  Cyanodinitromethide  or  Dinitracetonitrilo  . . • C X X H Cy 

8.  Cyanotrinitromethido  or  Trinitraoetonitrile  . . . C X X X Cy 

9.  Cyano-dibromo-nitroraethide  or  Pibrorao-nitracetonitrile . C X Br  Br  Cy 


The  first  and  second  of  these  compounds  have  been  already  described  as  Bromo* 
picrin  and  Cbloropicrin  (i.  923). 

3.  tfltroforin.  C(N0*)*H. — This  cempound  discovered  by  Schischkoff  (Ann. 
Ch.  Pharm.  ciii.  364)  exhibits  the  ndations  of  an  acid.  Its  ammonium-Ralt, 
C(NO*)*NH*,  is  obtained  as  a yellow  ciystallisabln  substance,  soluble  in  water  and  in 
alcohol,  by  the  action  of  water  or  alcohol  on  cyanotrinitromethide  (p.  Ill);  and 
on  agitating  this  salt  with  strong  sulphuric  acid,  the  nitroform  is  separated  and 
floats  on  the  surface  of  the  liqui<b  in  the  form  of  an  oil  which  may  be  removed. 

Nitroform,  at  tempemtures  above  15°,  is  a colourless  oil ; below  that  temperature 
it  solidifies  in  colourless  cubic  crj’stals.  It  is  mo<lerately  soluble  in  water,  forming 
a dark  yellow  solution.  It  cannot  be  distilled,  as  it  explo<les  with  violence  when  heatwl. 

The  atom  of  hydrogen  in  nitroform  may  be  replaced  either  by  metals  or  by  chlorons 
radicles,  namely  bromine  and  nitryl.  The  metallic  deriyatives  or  salts  of  nitroform, 
are  for  the  most  yellow  and  crystallisnble:  they  explode  when  heated. 

4.  Bromonltroform.  C(NO*)*Pr. — Produced  by  exposing  nitroform  to  the 
action  of  bromine  for  some  days  under  the  influence  of  direct  sunshine,  or  more  ea.sily 
by  treating  an  aqueous  solution  of  mercuric  nitroform,  C^(NO*)*nhg'',  with  bromine. 
It  is  colourless,  liquid  above  + 12^,  but  solidifies  below  that  temperature  to  a white 
crystalline  mass.  It  is  somewhat  soluble  in  water,  and  may  be  distille<l  with  aqueous 
vapour,  or  in  a current  of  air.  It  decomposes  at  140°.  (Schischkoff,  Ann.  Ch. 
Pharm.  cxix.  247.) 

5.  Tetranltrometliide.  THraivtrtjUfif  of  Carhon.  2^ttro~kohlcnsioff‘,  C(NO*)*. 
— Produced  by  treating  nitroform  with  fuming  nitric  and  sulphuric  acids,  heating  the 
liquid  to  100°  and  passing  air  through  it.  A liquid  then  distils  over,  from  which 
water  throws  down  tctranitromclhide  as  a heavy  oil. 

Tetranitromethide  is  liquid  at  oMinary  temperatures,  but  soHdiBcs  at  +13°  to  a 
white  crystalline  mass.  It  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  It 
boils  at  126°,  and  unlike  nitroform,  may  be  distilled  without  decomposition.  When 
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rtpidly  heated,  it  decomposes  \nth  evolution  of  nitrous  vapours;  bat  oven  then  it  does 
not  explode.  It  does  not  take  fire  bj  contact  with  flame  ; but  u glowing  coal  on  which 
it  is  poured  bums  with  a bright  light.  (S  c h i s h k o f f. ) 

6.  CjaaonltrometH14e  or  STItracotonltrlle  does  not  exist  in  the  free  state,  but 
its  salts,  the  Fulsiinates,  already  described  (ii.  730),  give  rise  by  their  di^composition 
to  the  ttiree  following  compounds,  cyano-dibromo-nitrometbide  being  produced  by  the 
action  of  bromine  on  fulminate  of  mercury,  while  cyanodinitromctbide  and  cyanotrini- 
tromothide  are  obtained  from  fulminuric  acid  (ii.  739)  which  is  itself  a product  of  the 
decomposition  of  fulminate  of  silver. 

7.  Cyanodlnltrometlilde  or  IMnitraoetonltrlle.  C*HN*0*  C(NO*)’HCy  => 
C*(NO*)*HN.  (Schischkoff  and  Rosing,  Ann.  Ch.  Pharm.  civ.  249;  Schisch- 
koff,  cxix.  249.)— This  compound  is  an  acid,  the  ammonium-salt  of  which 
(originally  called  dinitrammoni/l)  is  obtained  by  the  action  of  stUphydrio  acid  on 
eyanotrinitromethide ; 

C(SO*yCj  + 4H»S  » C(NO*)»(NH*)Cy  + S*  + 2H»0. 

On  mixing  the  aqueous  solution  of  this  ammonium-salt  with  an  equivalent  quantity  of 
sulphuric  acid,  agitating  with  ether,  and  evaporating  the  ethereal  solution,  a syrup  is 
left  which  gradually  yields  largo  crystals  of  cyanodinitromethide,  apparently  containing 
water  of  crystallisation. 

CjaDodinitromethido  tinted  with  ammonia  reproduces  the  original  nromonium-salt, 
which  crystallises  in  colourless  needles,  easily  soluble  in  water,  sparingly  in  alcohol, 
insoluble  in  ether.  When  boiled  with  oxide  of  silver,  it  forms  a solution  which  on 
cooling  deposits  crystals  of  the  argentammonium-talt  of  cyanodinitromethide, 
C(NO»'ANfi-Ag)Cy. 

Cyanodinitromethide  also  forms  crystalline  salts  with  potassium  and  with  silver. 
The  4rtVtrr-sa/f,  C(NO*)*AgCy,  detonates  like  fulminate  of  silver,  and  is  decomposed  by 
bromine,  yielding  an  oily  body,  probably  cyanobromodinitromcfhidf^  C(NO’)'llrCy. 

8.  C3rano*tiiiiltrom«tlBiae  or  Trlnltraoetonltrlle.  C*N*0*  » C(NO*)*Cy 
^NO*)*N.  (Schischkoff,  Ann,  Ch.  Pharm.  ci.  213). — When  a salt  of  fulminuric  acid 
is  adde<l  by  small  portions  to  a cooled  mixture  of  highly  coocentruted  nitric  and  sul- 
phuric acids,  carbonic  anhydride  ia  evolved,  and  trinitracetonitrile  separates  as  an  oil 
which  crystallises  on  cooling: 

C*(N0*)H»X*0  + 2NO*H  - CO*  + H»0  + NH*  + C*(NO*)»N. 

FuJminuric  srid.  TrinitrsertoDitrile. 

Cyanotrinitrometbide  is  a white  crystalline  camphor-like  substance,  melting  at  41'6^, 
and  decomposing  with  explosion  at  220°.  It  may  be  distilled  in  a eurrent  of  air  at 
60°.  It  dissolves  without  alteration  in  but  is  decomposed  by  watrr  and  alcohol 

evi  n in  the  cold,  and  more  quickly  when  heated,  iuto  carbonic  anhydride  and  the  am- 
monium-suit of  nitroform : 

C*(NO’)*N  + 2H»0  = CO*  -I-  C(NO*)»(NH*). 

Sulphydric  flcfd  converts  it  into  the  ammonium-salt  of  cyanodinitromethide  (p.  110). 

9.  CTjmae^broinoattrometlildo  or  Blbromonitnicetoiiitrlto.  C^r*N*0*  » 
C(NO’)Ilr^Cy  « C*(NO®)Br*N  (Kokul6,  Ann.  Ch.  Pharm.  cv.  281). — This  compound, 
which  diffi  rs  frr»m  mercuric  fulminate,  C*Hhg’'N’'0*,  only  by  containing  2 at.  bromine 
in  place  of  1 at.  mercury,  is  prepared  by  pouring  bromine  on  mercuric  fulminate  under 
wafer  till  the  colour  of  tlio  bromine  is  no  longer  destroyed.  On  subsequently  distilling 
the  liquid,  cyanodibromonitromethidc  passes  over  with  the  aqueous  vapour,  in  tlic  form 
of  an  oil  which  partly  solidifles  in  the  crystalline  form. 

Cvsno-dibromonitromelhide  forms  la^  well-defined  nystals,  insoluble  in  water, 
soluble  in  alcohol  and  in  ether,  and  smelling  like  cbloropicrin.  It  melts  at  50°,  and 
begins  to  boil,  with  decomposition,  betwee  n 130°  and  135°.  With  vapour  of  water 
it  may  be  distilleil  without  decomposition  (Kekul 6).  When  gently  heated  with  iron- 
filings  and  a*'etic  acid,  it  is  strongly  attacked,  giving  off  hydrocyanic  acid,  hydrobromic 
acid,  .‘immonia,  and  probably  also  carbonic  anhyaride.  (Stahlschmidt,  Jahresb. 
1860,  IX  241.) 

wmtoaCBTSTUO  ACZB  (BZ-).  CH*N*0*  or  (Frankland, 

Phil.  Trans.  1857,  p.  69;  Chem.  Soc.  Qu.  J.  xi.  88.) — This  acid,  homologous  with  di- 
nitro-ethylic  acid  (p.  61)  is  obtained,  similarly  to  the  latter,  by  the  action  of  nitric 
oxide  on  xinc-methyl,  4 at.  of  the  former  uniting  with  2 at.  of  the  latter  to  form  the 
salt,  C*Il‘i^o'’N*O^C*H*/jxn''.  This  salt  is  decomposed  by  water,  yielding  marsh-pis 
and  basic  dinitromeihj/iaU  or  njry-dinitromfthylate  of  rinc,  C*H•Z^n''N*O^Zxn‘'0  ; 
which,  when  decomposed  by  carbonic  acid,  yields  the  normal  zinc-salt^ 
— Ibo  sodium-salt^  CH*NaN^O*.H“0,  is  obtained  by  treating  a 
solution  of  the  normal  zinc-salt  with  carbonate  of  sodium,  evaporating  to  diyncss,  and 
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exhuusting  the  residue  with  strong  alcohoL  It  is  very  soluble  in  water  and  in  alcoliol, 
and  burns  intensely  when  heated. 

xrXTSO-BCTTKXATZC  ACZB*  Aqtut  regia.  Konigitttasscr. — A yellow  fuming 
liquid  produced  by  mixing  strong  nitric  and  hydrochloric  acids.  The  mixture  is  at  first 
colourless;  but  after  a short  time,  or  quickly  if  heated,  it  assumes  a deep orang»‘*yellovr 
colour,  and  breaks  up  into  water,  chlorine  and  the  chlorides  of  nitrosyl,  chiefly  the 
dichloride.  The  dilute  acids  may  rem.iin  mixed  for  along  time  witliout  decompc»siug 
each  other,  unless  heat  is  applieiL  Nitro^muriatic  acid  dissolrcs  gold  and  platinum, 
an  action  which  seems  to  depend  entirely  on  the  presence  of  the  chlorine  liberated  by 
the  mutual  action  of  the  original  acids.  The  same  reaction  renders  nitromuriatic  acid  vt^ry 
useful  in  destroying  organic  matter,  in  toxicological  investigations  for  example  (lico 
Ausbnic,  i.  366).  An  impure  nitromuriatic  acid  is  prepared  by  dissolving  nitrate  of 
sodium  in  hydr^hloric  acid,  or  chloride  of  sodium  in  nitric  acid. 
KXTROXS’APHTHAZ.ZUrES.  See  Naputhalbive  (p.  14). 
K’lTROJS'APHTK'rZAMIK'B.  See  Naphthylamixb  (p.  21). 
zrZTRO-ORTBBRZOIC  ACX1>«  See  Oxtbenzoic  Acid. 
XriTROPAPAVBRZXfZM  See  Papavedinx. 

RlTROPglTCTOAlRXPg  and  WZTROPBTrCBSAJmr.  See  PBUCKDAXIN. 
WZTROPZlTROZi-3>XA»EIir£.  See  Pbtbol. 

iriTROPHEirAMtXG  ACZD.  Linitro-diphfnamic  acid.  C'*H'*N*0'*  == 

n’NK)*.  (Laurent  and  Gerhardt,  Compt.  Chim.  1849,  p.  468.) — An  acid  pro- 
by  the  action  of  sulphydrate  of  ammonium  on  dinitrophenic  acid : 

2Cm*(S0-y0  + 3(NU*)^S'  « C**H‘\N0’)*N"0»  + 4HK)  + S*. 

It  forms  brow'n  hexagonal  needles,  with  four  angles  of  131®  30'and  twoof  97®,  contain- 
ing 2 at.  water,  which  they  give  off  between  100®  and  110®,  the  anhydrous  acid  decom- 
posing at  a higher  temperature ; they  yield  a yellow  powder.  The  acid  is  sparingly 
wolulde  in  cold  water,  moderately  soluble  in  alcohol  and  ether.  It  dissolves  in  am- 
wton/u,  forming  a deep  red  solution  which  is  decomposed  by  concentration,  with 
evolution  of  ammonia.  With  aqueous  potash^  it  yields  the  salt  C‘*H"K(N0*)*N*0*, 
which  crj'stallises  in  dark  red  nodules,  very  soluble  in  water  and  in  alcohoL  The 
borium-9alt  forms  sparingly  soluble  brown-red  needles  obtained  by  precipitating  acetate 
of  barium  with  an  ainmoniacal  solution  of  the  acid.  The  caUium’^salt  is  gradually  pre- 
cipitated in  like  manner  in  small  needles.  The  copper-salt  is  a yellowish-green,  the 
Icad'Salt  an  omnge-brown  precipitate.  The  ailvcr^aalt,  C”H*’Ag(NO*)*N*0*,  U a dark 
brown-yellow  precipitate  w'hicb  crystallises  in  scales  from  hot  solutions. 

irZTROPKZnrAKTIiZOZirB  or  AmpUnitro-phenidine. — A base  formed  by  the 
action  of  alcoholic  sulphydmte  of  ammonium  on  the  heavy  oil  obtained  by  treating  phenate 
of  amyl  v.)  with  fuming  nitric  acid.  It  is  cz^'stalUsable  and  forms  crystaUisable 
salts.  (Cahours,  Compt.  rend,  xxxii.  61.) 

XVZTROPBZIBBSZC  ACZR.  Syn.  with  Dixitbophekic  Acid.  (See  Phbxol.) 
zrZTROPKBXtBTOZ*.  Syn.  with  NitbopuexatbopBtutl.  (See  Phbnic  Ethbbs, 
under  Phenol.) 

KZTROPBZSZrzC  ACZSS.  See  Fhbxol,  BsBivATn'ss  of. 
WZTROPBZIXirzszc  ACZR*  Syn.  with  Tri-xitrophbxic  Acid.  (See  Phstou) 
BZTROPBEirOZC  ACZR.  See  PuEXOlc  AciD. 

BZTROPBBirOI..  See  PuEXOU 
RrzTROPHxmr'TZiAKXia'B.  See  Phbxtlamixb. 
MTTROPBEam.-CARBAimRBB.  See  Cabbahides  (i.  756). 
BZTBOPBBWXXBB-RZAMZBB.  See  Phf.xylb.ve-diaxinbs. 
BZTROPBBJT7R-PBOSPBORZC  ACZR.  See  Phosphoric  Ethbbs. 
BXTROPBZiirTR-PTROTABTRAJBZC  ACZR.  See  PYROTABTBAMIC 
IvrURBS. 

3rZTROPBBBTZ.-BTrZ.PBinUG  and  BUEPBITROirS  ACZRS.  See  ScL- 
PHT  Uic  and  Si  LPHUBous  Ethbbs. 

XrZTROPBIiORBTZir.  See  Fhlobetix. 

BZTBOPBXiOROCRBCZB.  See  PllLOBOOLUCIX. 

VZTBOPBTBAXiSBB.  C’U'(NO’).  (Dusart,  Ann.  Ch.  Phys.  [3]  xliv.  332.) 
— A compound,  isomeric  with  nilro-ciiinamene,  formed  by  the  action  of  potash  on  nitro- 
naphthaleue.  To  prepare  it,  2 pts.  of  caustic  potash  dissolved  in  as  little  water  as 
possible  ai-c  mixed  with  1 pt.  of  fresh  sUked  lime,  to  which  nitronaphthalcne  is  gra- 
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do&Ujr  The  action  begins  almost  immediately,  the  mixture  becoming  reddish. 

The  mass  is  kept  for  about  six  hours  at  a temperature  not  exceeding  100^,  and  is 
etirred  from  time  to  time,  the  evaporated  water  being  replaced;  the  whole  is  then 
added  to  a large  quantity  of  water  and  allowed  to  settle  down ; the  alkaline  solution, 
coloured  deep  yellow  by  nitroplitbalinic  acid,  is  decanted  off;  and  the  deposit  is  washed 
with  water  until  the  latter  is  only  slightly  coloured.  The  lime  is  remored  from  the 
brown  residue  by  dilute  hydrochloric  acid,  and  the  remainder  thrown  on  a filter  and 
washed  with  water.  The  nitropbthalene  can  only  bo  separated  from  the  brown  mat- 
ter with  which  it  is  mixed  by  aistilling  with  steam ; it  then  passes  over  in  oily  drops 
which  crystallise  on  cooling.  If  distilled  alone,  the  product  is  less  pure. 

Nitrophthalene  is  of  a straw-yellow  colour  and  crystallises  on  cooling  from  hot  alco- 
hol in  long  needles,  which  are  tasteless  and  have  a fkint  odour.  It  melts  at  48°, 
begins  to  ^il  at  280°,  and  distilsoverin  laigequanlities  between  300°  and  320°,  leaving 
a ^igbt  carbonaceous  residue.  It  is  not  soluble  in  cold  water,  but  when  distilled  with 
water,  imparts  to  it  an  aromatic  odour  and  separates  on  cooling  in  needles  having  a 
silky  lustre.  It  is  but  slightly  soluble  fn  cold  alcohol,  but  readily  in  hot  alcohol ; dis- 
solves abundantly  in  cihrr  and  in  coal-oil. 

Nitropbthalene  heate<i  with  a strong  solution  of  potash,  yields  nitropbthalic  acid ; less 
readily  with  hydrate  of  calcium  or  barium.  When  distilled  with  diy  potash-lime,  it 
evolves  much  ammonia,  while  an  odorous  oil  distils  over,  and  the  sides  of  the  retort 
become  covered  with  long  yellow  needles  which  dissolve  in  sulphuric  acid  with  a 
Ijeautiful  violet-blue  colour.  The  oil  is  slightly  soluble  in  water,  and  the  solution  gives 
with  ferric  salts  an  indigo-blue  precipitate.  Sulphide  ammemium  converts  nilro* 
phthalene  into  pbthaldine,  sulphur  separating  out : 

CH’NO^  + 3H*S  - C"H»N  + 2H"0  + S* 

WXnOMCTHAUO  ACX3>.  See  Phthalic  Aero. 

M ITAOHTH AltAMXPB.  See  PHTHALAMiDsa. 

jmxOFBTBAZiXVZC  ACX1>.  CH’(NO*)0'?  (Busart,  loe.  ctf.)— This 
acid  is  formed  in  the  preparation  of  nitropbthalene  as  above  described,  and  is  pre- 
cipitated from  its  aqueous  solution  by  hydr^hloric  acid,  in  golden  flocks,  which,  by 
solution  in  a mixture  of  1 pt  water  and  2 pts.  alcohol  of  36°,  may  be  obtained  in  stellate 
groups  of  golden-yellow  needles.  It  is  inodorous  and  tasteless  at  first,  but  leaves  a 
pungent  ailer-taste.  When  heated  in  a tube,  it  melts,  gives  off  an  odour  of  cyanide  of 
ammonium,  and  leaves  a lazge  quantity  of  charcoal.  It  is  sparingly  soluble  in  water, 
more  soluble  in  cUcohol.  Its  ammoniacal  solution  forms  yellow  precipitates  with  salts 
of  calcium  and  barium  ; greenish-yellow  with  cupric  salts  ; red  with  ^versalts.  The 
lead-salt  is  precipitated  in  orange-yellow  flocks,  which  when  diy,  explode  by  beat, 
or  by  contact  with  oil  of  vitriol.  The  potassium-salt  forms  reddish-yellow  mammiUated 
crystals,  very  soluble  in  water;  the  solution  possesses  great  colouring  power. 

M ITJtOFZAinx.  Syn.  with  Nitbomtookin.  (See  MBCoNCf,  iii.  803.) 

VmtOPXC&ZO  ACX3>.  Syn.  with  Picsic  or  TBonTBOPHnne  Acid. 

jrXTAOPZC&OTOAXmi.  See  Picbotoxikb. 

M ITlfcOPSO  FZO VXO  ACX1>.  See  Propioxic  Acid. 

VZnoPXtVSSZXlsS  or  Nitrofbcssutes.  Syn.  with  Nitbofzbbictakidbs. 
(See  Ctamdbs  of  Ibox,  ii.  260.) 

WZTSOPTAXSJXZL  See  Ptbbxb. 

M 1 TJIORACBMXG  ACX2>.  See  Racbmic  Acid. 

Jl  I rS08 ACCSASOS8. — A substance  formed  by  the  action  of  frnning  nitric 
acid  (Sobrero),  or  of  a mixture  of  nitric  and  sulphuric  acids  (Schonbein, 
Reinsch)  on  cane-sugar.  It  is  a white  transparent  resin,  friable  in  the  cold,  but  at 
ordinary  temperatures  soft,  glutinous,  and  ropy.  It  is  fieutral,  inodorous  and  bitter ; 
melts  at  about  30°  (Reinsch).  It  is  insoluble  in  cold  water,  but  melts  to  an  oil  and 
slowly  dissolves  in  boiling  water;  the  solution  gives  the  reactions  of  nitrites 
(Schonbein).  It  dissolves  freely  in  a/coW,  efAcr,  and /orrtf  oi/s.  It  explodes  when 
heated  on  platinum  foil  or  W percussion  ; and  deflagrates  when  touched  with  a glow- 
ing splinter  (Reinsch).  \\  nen  heated  with  solid  caustic  potash,  it  froths  up,  blackens 
mod  uien  takes  fire  (Schonbein).  See  Gmelin's  Handbook,  xv.  296. 

MATW  ATiTCTXiailtTI>M»  See  SALlCTLAlftDBS. 

jrZTSOSAUCmzC  ACZD.  See  Sax.icti.ic  Acid. 

M ITItOSAXXCXfcrnilB.  See  Salictlocs  Acid,  Dxbivativbs  of. 

Ji  XTJtOSO-COMPOVWDS. — Bodies  formed  by  the  substitution  of  the  monato- 
mic radicle,  NO,  for  an  equivalent  quantity  of  hydrogen  ; thus  nitrous  acid,  HNO*,  may 
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be  regarded  as  1 0,  that  is  aa  a molecule  of  water,  in  which  half  the  hydrogen  is 
replaced  by  nitrosyl;  and  similarly  for  all  the  nitrites. 

M rritOBBTH'f uar.  C*n*®N*0  = C^n**CNO)N.  (GeutherandKreutzhage, 


Ann.  Ch,  Tliarm.  cxxrii.  43.) — This  body,  which  has  the  composition  of  diethylamine, 
C'H"N,  in  which  1 at.  hydrogen  is  replaced  by  nitrosyl,  is  produced  by  the  action 
of  nitrite  of  potassium  on  hydr^hlorate  of  diethylamine : 


+ HNO*  - C^H'WO  + H*0. 


The  materials  aro  distilled  together  at  a gentle  heat;  the  nitrosethylin  is  freed  from 
dielhylamino  by  redistilling  the  liquid  after  neutralisation  with  sulphuric  acid  : the 
sulphate  of  diethylamine  which  remains  is  completely  converted  into  nitrosethylin  by 
repeated  treatment  with  nitrite  of  potassium;  and  the  nitroiiethylin,  after  dohydm- 
tion  with  chloride  of  calcium,  is  rectihcHl  in  a stream  of  cirbouic  anhydride,  the 
portion  which  distils  at  about  176^  being  oollect*'d  apart. 

Nitrosethylin  is  an  oily  liquid  of  faint  yellowish  colour,  peculiar  aromatic  odour,  and 
burning  la.ste.  It  has  a specific  gravity  of  0'951  at  17*5®,  and  lx)ii8  at  170*9®.  When 
exposed  to  the  air,  it  gradually  turns  brown.  It  dissolves  in  strong  hydrochloric  acid, 
forming  a dark  colourt^  liquid,  which  is  decomposed  by  heat,  giving  off  nitric  oxide 
and  leaving  hydroohlorate  of  diethylamine.  Tho  reaction  is  evidently  the  reverse  of 
that  by  which  nitrosethylin  is  formed  (sec  the  above  equation),  the  nitrous  acid  first 
set  fr^M)  being  immediately  resolved  into  nitric  oxide  and  nitric  acid.  Nitrosethylin 
absorbs  hydrochloric  acid  gas,  forming  a thick  liquid,  in  which,  after  the  excess  of  hydri>- 
chloric  acjd  has  been  removed  by  a stream  of  cjirbonic  anhydride,  crystals  are  formed, 
which  dissolve  easily  in  water.  Tho  action  of  chlorine  on  nitrosethylin  also  gives  rise 
to  crystalbne  products. 


VZTSOBO-MAZiOnc  ACZD.  OH’NO*  « C’H’(N0)0*.  (Baoyer,  Ann.  Ch. 
Pharm.  cxxxi.  293.) — This  acid  is  produced,  not  directly  from  malonic  acid  (iii.  799), 
but  by  the  action  of  potash  on  violuric  acid,  which  is  itself  produced  by  the 

action  of  nitrous  acid  on  barbituric  acid  (malonyl-carbamide,  Cir(C*H*0’)'’N*0),  and 
has  the  composition  of  nitroso-malonyl-carbamidc,  CH(N0XC’H*0*)”N*0  (sec  Uric 
Actd,  Dkrivativks  of).  The  reaction  is  a.s  follows : 


[C*H(N0)0»]” 

(CO)" 

H’ 


+ 2H’0 


CO 


jj.  ^ [c*n(NO)o^^jo, 


NUroso-mslonyl- 
carhamidc. 


Carbamide 


Nil(0»o.maiontc 
acid. 

Malonic  acid  is  protluced  from  barbituric  acid  in  a precisely  similar  manner. 

To  prepare  the  acid,  violurate  of  potassium  is  wanned  with  potash-ley  of  specific 
gravity  1*2 ; the  brownish  liquid  is  decolorised  by  addition  of  a slight  excess  of  acetic 
acid  and  a few  drops  of  alcohol,  then  filtered  and  mixed  with  about  twice  its  volume 
of  alcohol ; the  nitroso-malonate  of  potassium,  which  first  separates  in  oily  drops  and 
then  crystallises,  is  converted  into  a silver-suit;  and  this  last  is  decomposed  with  liydro- 
chloric  acid.  Tho  solution  thus  obtained  yields  nitroso-malonic  acid,  by  evaporation 
in  vacuo,  in  shining  prismatic  needles,  very  soluble  in  water,  and  containing  water  of 
crystallisation  which  tliey  give  off  over  oil  of  vitriol  The  aqueous  solution  begins  to 
decompose  when  gently  heated,  and  is  completely  resolved  at  the  boiling  heat  into 
prussic  acid,  carbonic  anhydride  and  wuter : 


C«II*(N0)0*  « CNU  + 2C0*  + H*0. 


The  dry  acid  heated  on  platinum-foil,  first  molts,  and  then  decomposes  with  a sharp 
report. 

Nitroso-malonic  acid  is  dibasic,  but  only  neutral  salts  of  it  have  been  obmined ; the 
nitroso-malonatts  of  the  nlkalt-metals  dissolve  readily  in  water,  but  are  precipitat^  by 
alcohol;  those  of  tho  carth-metals  juid  heavy  metals  are  insoluble  or  sparingly  soluble, 
and  may  be  obtaincHi  by  precipitation. 

The  potassium-salt,  C*HK*{N0)0*,  is  precipitated  from  its  aqueous  solution  by 
alcohol,  in  oily  drops  which  8i>on  solidify  if  t lie  alcohol  be  quickly  added,  in  larger 
lamime  by  slower  precipitation.  The  Irad-salt  is  a crvstalline  precipitate  containing 
C*JIPpb  (N0)0*.2H*0.  Tho  sdvcr-salt,  C*HAg^{N0}0*.H"0,  is  obtained  as  an 
amorphous  precipitate  which  soon  becomes  crystalline.  It  is  blackened  by  light, 
dissolves  easily  in  nitric  acid  mid  in  ammonia,  and  does  not  part  with  its  water  of 
crystallisation  at  110®. 

Tho  soluble  salts  of  nitroso-malonic  acid  give  a rt'd  colouring  with  ferric  chloridf,  and 
a dark  olive-green  precipitate  with  cupric  salts. 
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Amldomalonio  acid*  C’11*(NH*)0*.  A product  of  tho  redaction  of  nitroso^malooic 
ucid  hy  aodium  amalgam : 

C»H\N0)0*  + H‘  « C*H>(NII*)0‘  + H*0. 

It  cr^stalliees  from  aqueous  solution,  bj  eraporation  in  racuo,  in  rather  large,  ill- 
drfined,  shining  prisms  ; by  precipitation  with  alcohol  in  needles.  The  crystals  con- 
tain water,  which  they  gradually  lose  over  oil  of  vitriol.  The  acid  molts  when  heated, 
giving  off  carbonic  anhydride,  and  leaving  a residue  of  gly  cocine : 

C*H‘NO*  = CO*  + C'H‘NO*. 

The  same  decomposition  takes  place  on  warming  the  aqueous  solution. 

Amidomalonic  acid  is  quickly  decomposed  by  oxidising  agents.  AVlien  iodine  is 
added  to  an  aqueous  solution  of  the  acid  containing  a email  quantity  of  iodide  of 
potassium,  the  product  is  mesoxalie  acid  (iii.  932). 

c»H*No*  + n*o  + I*  „ c>n*o*  + hi  + nhh 

AmidomAlooic 

acid.  weld. 

The  amidcroalonatcs  of  the  arc  easily  soluble  in  water  and  are  pre- 

cipitated in  crj'stals  by  alcohoL  The  oth»-r  umidomalonates  are  spjiringlv  soluble 
crystalline  pncipitatcs.  The  /fonum-  and  calcium-eaNs  dissolve  with  tolerable  facility 
in  hot  water,  and  crj^stallim*  th»  refrom.  The  Cffpjter-salt  is  a whit*t-grt‘en  pre<-ipitate. 
The  potassium-salt  mixtd  with  cupric  acetate  appears  (o  form  a blue  double  salt.  The 
alcoholic  solution  of  the  acid  heated  with  cupric  salts,  throws  down  cuprous  oxide.  The 
lr<id~  im<\  sitrrr-4QlU  ATv  cryeftilliue  prt«cipitate9.  The  acid  appears  to  be  monobasic, 
forming  with  neutral  acetate  of  lead  only  one  salt  containing  C’H*PbNO*  or 
C'MiTpb'N’O*. 

VZTSOSOlTAVBTKAXinr.  C"'ir(NO)N?  Terkin  and  Church  (Chem. 
Soc.  Qu.  J.  LX.  1 ; Jahresb.  1856,  p.  607),  by  the  action  of  nascent  hydrogen  on 
dinitronapbthalene,  and  by  that  of  nitrous  acid  on  naphthylamiue,  or  of  nitrite  of 
potassium  on  hydrochlorate  of  naptlitliylamine,  obraineil  a dark  coloured  crystalUno 
subst.ance  to  which  they  assigntnl  the  above  name  an<l  formula.  I>ut  from  Bubs<’qnent 
rese^rebes  on  the  action  of  nitrite  of  j>otassium  on  salts  of  napthtliylamine  (Chem.  Sue. 
J.  xvL  207X  they  conclude  that  the  product  formerly  obtained  was  net  a deBnito  com- 
pound, but  a mixturo  of  two  or  more  diffi*rent  substances,  and  tliat  when  proper  pn'- 
cautions  are  taken  to  ensure  a definite  reaction,  the  product  consiMtH  essentially  of 
axodinaphthyldiamine,  C^H'^N*  (p.  23);  they  are  also  of  opinion  that  the  l>ody 
formerly  described  by  them  as  nitrosonaphthalin  lias  no  existence.  Considering  how- 
ever that  this  supposed  body  is  exactly  analogous  in  composition  and  *mo<]e  of  for- 
mation to  nitrosethylin  and  nitrosophenylin,  and  that  the  inaction  by  which  it  was 
originally  obtained  is  said  to  have  given  rise  to  the  formation  of  nion*  than  one  com- 
pound, its  existence  cannot  perhaps  l>o  regarded  as  completely  dis|)n>v«d.  The  action 
of  nascent  hydn^cn  on  diuitrunuphthalene,  by  which  nitrosunapnthalin  was  first  ob- 
tained, does  not  appear  to  have  been  re-examined. 

wmtOSOPHZBTXiXX'.  C‘H‘X-0  =.  C'*IT*(NO)N.  Perkin  and  Church 
(Chem.  Soc.  Qu.  J.  lx.  1). — This  substAnee,  which  is  analogous  in  conipositinn  to 
nitrorndbylin  and  nitrosonaphlhalin,  and  may  l>e  regar<Ie<i  as  phenylamine  (C‘1FN), 
in  which  1 at,  H is  replact'd  by  NO,  is  obtained  by  the  action  of  nascent  hydrogen  on 
dinitrobenxene.  When  a piece  of  pun'  zinc  is  immersed  in  a cold  satimited  alcoliolie 
solution  of  dinitrobenzene,  and  strong  hy<irocJdoric  acid  is  gmdujilly  aildi^d,  the  evolu- 
tion of  hydn^gen  soon  ceases,  and  the  liquid  gradually  acquires  a crimtwjn  colour.  At 
the  end  of  the  renetiou,  thn  zinc  is  to  be  taken  out,  the  liquid  completely  neutralistd 
with  alkali,  and  the  dark  c<--Ioure<l  zinc-oxido  repeatedly  washed  with  strong  alcohol. 
The  alcoholic  solution  whr*n  evap<jnitcd,  loaves  nitrosophenylin,  which  ma}'  1m‘  purified 
by  wushing  with  water,  re-soliuion  in  alcohol,  and  evaporation  over  the  water-bath. 

Nitrosophonylin  is  a black,  shining,  brittle  subsl.anee,  which  melts  wlion  heated,  an<l 
then  d©c*ompose«  ; is  nearly  insoluble  in  water,  very  slightly  soluble  in  henrene,  **asily 
soluble  in  and  in  atc»h-4.  An  alcoholic  solution  containing  only  0-2  p<‘r  ei*nt, 
oitroaophenylin  appears  oraque  and  of  a shining  orange-nnl  colour  by  n fl«rt<sl  liirht. 
Strong  hydrr^ch/oric  or  sulphuric  <u  id  dissolves  nitrosophenylin  with  a splendid  crimHon 
colour;  boiling  nitric  acid,  with  yellow;  fuming  siUpkiiric  acid,  with  bniwn  colour. 
A/ika/i#  precipitate  it  from  its  acid  solutions  without  alteration,  at  least  if  they  act  for  a 
short  time  only.  By  tho  prolonged  action  of  nascent  ht/drogm,  nitrosophenylin  is  c»>n- 
verte<]  into  a colourless  sui>8tanee  not  containing  oxygen.  When  heat^  with  socfn-Z/mc 
it  gives  off  all  its  nitrogen  us  ainmunia  and  aniline. 

VITBOSO-FXPlOtZSXSVS.  See  Pii'EiuniNE. 
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SrXTROBO-SXrLl^BATlSSt  rommonly  onllcd  NitroaulphaUs,  Those  salts,  pro- 
ducf'd  by  the  siimiltanoous  action  of  nitric  oxide  and  sulphurous  anhydride  on  alkaline 
liquids,  are  usually  regarded  as  sulphates  in  which  one  atom  of  oxygen  is  displncetl  by 
2 atoms  of  nitrosyl,  e.g.  K^SO’(NO)*.  A dry  mixture  of  2 vol.  sulphurous  anhydride 
and  4 vol.  nitric  oxide,  though  of  itself  permanent,  is  gradually  absorbed  by  a strong 
solution  of  caustic  potash  or  soda,  with  formation  of  a nitrososulphate  of  alkuli-metaL 
Isitroaoauiphate  of  ammonium  is  prepHn.-d  by  passing  a current  of  nitric  oxi<le  gjis  for 
some  hours  through  a cooled  mixture  of  one  measure  of  concentrat<‘d  solution  of  huI- 
phite  of  ammonium  with  five  or  six  measures  of  aqueous  ammonia.  Ileautiful  white 
crystals  gradually  form,  wliich  are  to  be  washed  with  an  ice-cold  solution  of  ammonia, 
dried  in  vacuo,  and  pn*n(Tve<l  in  a well-close«i  bottle.  The  p*>ta»aiutn^  and  aodium'salfa 
may  be  prepaid  in  a similar  manner.  They  are  rather  more  stable  than  the  ammo- 
nium-saits. 

Nitrososulphato  solutions  have  a sharp  bitter  taste  ; they  are  neutral  to  test-paper 
and  do  not  give  any  precipitate  with  ehlorido  of  barium.  They  are  pennanent  only  at 
the  freezing  point  or  in  pwKonee  of  an  excess  of  caustic  alkali.  Their  spontaneous  de- 
composition into  nitrous  oxide  and  a sulphate  varies  in  its  rapidity  accottling  to  the 
temperature.  Free  acids  and  most  metallic  salts  transform  the  nitruso-sulphates  im- 
mediately into  sulphuric  acid  and  nitrous  oxide  gas.  A similar  decomposition  of  the 
salts  is  effected  by  contact  with  spongy  platinum,  charcoal,  oxide  of  silver,  peroxide  of 
manganese,  &c. : — 

K*SO*(NO)»  = K»SO*  + N’O. 

Dry  nitrososulphatc  of  ammonium  is  decomposed  with  almost  explosive  violence  when 
heated  to  a temperature  a little  above  that  of  boiling  water.  {OdHng' a Manual  of 
Cht^iiatrg^  p.  272.) 

HTTSOSTXXiBXO  AOXB.  C'*H*(N0*)0*  ?— An  acid  formed,  together  with 
several  other  products,  by  the  action  of  boiling  nitric  acid  on  stiibene  (9.  It  is  a 
yellowish  powder,  nearly  insoluble  in  waNT,  but  soluble  in  alcohol,  and  still  more  so 
in  ether.  (Laurent,  Rev.  Scient  xvi.  373.) 

BXT&OBTT&Olb.  Syn.  with  NrraooiNNAicByB.  (See  Cinxa»rnb,  i.  983.) 

BXTROBUXPBAUC  ACED.  Lau  ren  t’s  name  for  the  compound  SO*(NO*)H, 
which  ho  supposed  to  constitute  the  crystals  of  the  sulphuric  acid  chambers. 

WXTBOBiXXtPHATSS.  Syn.  with  NiTuoso-suLniATBS. 

XrxnOBUXPBXSXlS  of  XBOB.  See  Iuon  (iii.  391). 

VXTXOBOXiPKOBISBZXSB.  See  SuLPHOBExzinB. 

WITB>OBtrBFHOB3BWUDXO  ACXX>.  Syn.  with  NiTBOPUKxi'L-suLPHrBous 
Aan.  (See  Sulphi  bous  Ethbbs.) 

XrXTB.OBUU*BOCTXKOUO  ACXD.  See  Sulpboctxolic  Acid. 

XrXT&OStrX.PBOSrAPBTHAXaO  ACXX>.  See  Sulfhonaphtiialic  Aud. 

WXTROBtrXkPBOTOXtinrXiXC  ACXX>.  See  ScLPlKvroLiTTr.ic  Acn>. 

irXT1tOStrX.PBOB:TX.OX.XC  ACX1>.  See  SCLPHOXTLOLIC  Acid. 

SirxX*SOSTXi  or  AZOTYXi.  The  name  of  nitric  oxide  in  combination. 

mTBOSTX»r  GHXiOBXZ>SS  OF.  Nitrosyl  forms  two  chlorides,  a proto-  and 
a di -chloride. 

The  protochloride^  NOCH,  also  called  Chlororxitrout  qaa,  is  produced  by  the  direct 
combination  of  chlorine  and  nitric  oxide  gases,  I vol.  Cl  and  2 vol.  NO  uniting  to 
form  2 vol.  chloride  of  nitrosyl ; it  also  constitutes  the  principal  product  of  the  latter 
stage  of  the  decomposition  of  nitromuriatic  acid  (p.  112). 

Frotocliloride  of  nitrosyl  is  a det*p  orange-oolouretl  gas.  It  is  condensed  by  a freezing 
mixture  of  ice  and  salt,  into  a red  fuming  liquid,  possessing  the  peculiar  smell  of  nitro- 
muriatic acid.  It  is  decomposed  by  water  into  hydrochloric  and  nitrous  acids,  and 
acts  in  a similar  manner  on  alkaline  hydrates,  forming  a chloride  and  a nitrite  of  tbs 
alkali -metal : 

NOa  + 2KHO  - KCl  -H  K(N0)0  + HH). 

It  is  decomposed  by  mercury,  with  formation  of  calomel  and  liberation  of  nitric  oxide: 

NOCl  -(-  Hhg  = HhgCl  + NO. 

It  does  not  act  on  gold  or  platinum. 

Dichloride  of  Nitroaglf  NOCl*,  called  by  Gay-Lussac,  who  discovered  it. 
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CUoro^itrie  gas,  is  obtained  by  distilling,  at  a gentle  beat  in  a water-bath,  a mixture 
of  1 pt.  of  strong  nitric  acid  with  about  3 pis,  of  hydrochloric  acid.  The  products 
should  be  passed  first  through  a Teasel  surrounded  with  ice,  and  then  through  a U-tube 
immerse.!  in  a mixture  of  ice  and  salt.  In  this  tube  the  compound  condenses,  while 
free  chlorine  escapes  as  gas : 

HNO*  + 3Ha  « NOCl'  + 2H*0  + CL 

IMchloride  of  nitrosyl  is  a transparent,  red,  fuming  liquid,  which  may  be  dried  over 
chloride  of  caldum.  It  boils  at  —7®,  being  converted  into  a deep  lemon^yellow  gas  or 
vapour,  smelling  strongly  of  nitromuriatic  acid.  When  decomposwl  by  alkaline  hy- 
draiej,  it  forms  a nitrate  as  well  as  a nitrite  and  chloride  of  the  alkali-metal,  thus : 

2N0CP  + 6KnO  = 4Ka  + KNO*  + KNO*  + 3U*0. 

It  reacts  in  a similar  manner  with  tcale.r,  producing  nitrous,  nitric  and  hydrochloric 
acids.  With  exoi  as  of  rfiercury  it  forms  calomel  and  nitric  oxide.  It  does  not  act  on 
gold  or  platinum. 

arXTHOTAXTAXUO  ACIS.  See  Tahtaric  Acm. 

JfXTJiOTRXXWJi.  Syn.  with  Cholsstrofhakb  (i.  926). 

Syn.  with  NlTBOnEXZTLAMlXE.  (SecBENZTLAMlXK,  i.  576.) 

vmOTO&ITEXrs  or  irznOTOX^irOA.  Syn.  with  IIydbii>b  op  Nitho- 
BnxzTu  (See  Benzyl,  Hydride  op,  I 674.) 

JfZTAOTOXiinrZiAMISB.  See  Toluylamidb. 

»mOTOX.mrXiZC  ACZD.  Se©  Tolutuc  Acid. 

xrmoTTROsurzL  See  Ttrosinb. 

JlfiyifcOVAXiEgTAirxc  ACZ9.  See  Valerianic  Acm. 

mXSOV&RATRZC  ACZlIt  See  VbrATBIC  Acid. 

JHITSOVSXIATSOZn  See  Veratbol. 

jrzXMXABrrz.XWB.  See  Ahylbnb  (i.  208). 

VTTMXABCTZ.ZVB,  KZTROXTBirUHlBa  OV.  The  name  given  by 
Guthrie  to  the  compound  C'*H'’^NO*)\  produced  by  heating  dieulphochloride  of 
aioylene  (i.  209)  with  strong  nitric  acid.  A violent  action  then  takes  place,  the  disul- 
phoehloride  being  partly  converted  into  sulphuric,  hydrochloric,  and  oxalic  acid,  together 
with  a conjugateil  sulphuric  acid,  not  yet  examined,  partly  into  the  compound 
C'*H'*S(NO*)*,  which  distils  over  as  a heavy  green  liquid,  insoluble  in  water,  and  may 
be  obtained  pure  by  washing  and  diying.  It  is  soluble  in  alcohol  and  ether,  and 
appears  to  be  very  easily  decomposed  by  sulphide  of  ammonium.  (Guthrie,  Chem. 
8oe.  Qu.  J.  xiv.  138.) 

VTTSOXXR'  or  vmoxn.  Syn.  with  Nitbti. 

VZXXOXTBEVXOZO  ACZXK  See  OxYDBNzoic  Acid. 

irZTXOXTXBIVB  or  JTZTXOXnOE.  See  Xylknb. 

If zyxoxv  Zr->X>XXiPX^  The  name  nven  by  Wertheim  to  the  compound, 

C‘H'*(NO)N,  more  properly  called  yitraso-piperiaine.  (^o  Pipebidinb.) 

irXTBOXTXAPBTBAEZO  ACZ3>.  C**H*N0‘  = C'*H'(N0*)0  ? (Dusart, 

Compt.  rend,  UL  1183;  R4p.  Chim.  pure,  1861,  p.  316;  Jahresb.  1861,  p.  644.) An 

acki  produced  by  the  oxidation  of  nitrouaphtbalene.  When  a mixture  of  1 pt.  nitro* 
naphthalene,  1 pt.  caustic  potash,  and  2 pts.  slaked  lime  is  heated  to  140®  in  a 
tubulated  retort,  through  which  a current  of  air  or  oxygen  is  slowly  passed,  the  gas 
is  absorbed,  the  mixture  turns  yellow,  and  the  oxidation  is  nearly  completed  in  ten 
or  twelve  hours.  Water  extracts  from  the  product  a reddish-yellow  potaaaium-salt 
possessing  great  colouring  power,  and  acids  added  to  the  solution  throw  down  a thick 
yrellow  magma  of  nitroxynaphthalic  acid,  which  may  be  purihed  by  washing  with  water. 

Nitroxynaphthalic  acid  dissolves  easily  in  water,  alcohol,  wood-^pirii,  and  acetic  acid^ 
and  crj-stallises  from  the  latter  on  cooling  in  needle- shapt^d  crystals  of  a 6ne  golden 
yellow  colour.  It  has  a cooling  taste  with  bitter  after-taste.  It  melts  at  about  100®, 
«Dd  is  not  volatile.  It  is  a weak  acid,  forming  with  the  alkalis,  strongly  coloured, 
very  soluble,  crystallisable  salts,  the  solutions  of  which  form  coloured  predpitatea 
with  metallic  salts.  It  unites  writh  acid  sulphate  of  ptdassium,  formiag  a colourless 
salt. 

Bosart  assigns  to  nitroxynaphthalic  acid  the  formula  O*W{N0*)0.H0,  and  to  its 
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salts  thj*  formula  CyiT{yO^)O.MO,  that  is  to  say  he  regards  the  acid  as  differing  from 
Ditronaphthalfuo  by  tlio  addition  of  1 at  water  (ffO),  and  1 at  0,  or  by  1 at.  110*.  As 
such  a constitution  is  contrary  to  all  analogy,  Wurtz  (R^p-  Chim.purc,  1861,  p.  316) 
suggests  that  the  acid  may  be  formed  from  nitnjnaphthalene,  either  by  addition  of  2 at 
HO,  making  the  formula  or  C'*H*(N0’)0,  or  else  by  addition  of  2 at 

//(/*  or  no  to  2 at.  nitronaphthalene,  wluch  wotdd  gire  the  formula  C**H'*N*0*  » 
C™U'\N0’‘)*0*. 

Nitroxynaphthalic  acid  become®  heated  in  contact  with  9%dphurw  acid,  and  eliminates 
Fuli’hurous  anhydride.  It  is  strongly  attacked  by  nitric  acid,  yielding  oxalic  acid  and 
a rt'sin  which  by  prolonged  action  is  converted  into  phtlmlic  acid.  By  reducing  agents 
it  is  converted  into  ozynaphthylamine,  a weak  base  to  which  Buaart  assigns  the 
formula  C**}V*HO*.  It  is  more  probably  cither  C"’H"N0*  or  C^H^N*0*. 

xrZTS-UM.  This  name  is  or  has  been  applied  to  severul  salts  of  nitric  acid  and 
pnxlucts  derivid  from  them,  c.  Hitrum  aw  an  obsolete  pharmaceuticiU 

prepiiral ion  consisting  chiefly  of  nitrin*  of  potassium  mixed  with  nitrate  and  sulphate 
of  potassium,  obtainea  os  a by<‘-product  iu  the  pre|»aration  of  washed  oxidi*  of  antimony 
{iintimoniuiH  diaphoreticum  abhUum),  by  igniting  sulphide  of  antimony  with  saltpetre 
and  washing  the  product  with  water, — Hitrum  cutneum:  nitrate  of  sodium.— AV/ruwi 
fixum:  nitrate  of  potassium;  alw  cjirbonab*  of  potassium  obtained  by  deflagrating  salt- 
with  charcoal. — yitrum  ftammans : nitrate  of  ammonium. — Hitrum  tabulaium 
OT  Sal  prunella : fused  salt|>etro  (p.  101). 

SfZT&YZ^.  Nitric  peroxide  in  combination  (see  page  77). 


KOMSXrcZiATinus.  Chemical  nomenclature  is  the  spoken  language  of 
cliemistry,  as  the  Symbolic  Noxanox  is  the  written  language  of  the  science.  Being 
thus  at  once  the  product  and  the  instrument,  of  thought  ujk>u  chemical  subjects,  it  has 
necessarily,  at  every  period  in  tlie  historj'  of  the  science,  rvflccted  the  genenil  intellec- 
tual chanicter  of  the  time,  as  well  as  tlie  stage  of  development  which  chemistry  had 
reached.  Thus  the  early  and  deeply  naited  belief  that  the  heavenly  l>odies  ex«*rci8od  a 
direct  influence  on  all  terrestrial  affiiirs,  gave  rise,  among  the  early  cultivators  of 
]ihysical  science,  to  the  idea  that  they  severally  determined  the  characters  and  properties 
of  the  different  metals;  and  this  idea  recorded  itself  in  the  langtiago  of  chemistry  by 
such  names  ns  Sol  for  gold,  Luna  or  Diana  for  silver,  Mtrcttry  for  quicksilver,  Jupiter 
for  tin,  Mars  for  iron,  renus  for  copper,  and  Saturn  for  lead.  Traces  of  this  numen- 
clatun-  still  nmiain  in  expressions  not  yet  gone  quite  out  of  use  ; as  Lunar  caustic,  arbor 
Diana,  Martial  pyrites,  Uncture  of  Mars,  Siiturnine  poisoning,  and  the  like,  to  say  nothing 
of  mercury,  which  is  still  universally  employed.  The  language  of  the  alchemists  was 
made  up  in  great  part  of  names  involving  far-fetched  comparisons,  indicating  tlie  mystical 
habits  of  thought  of  those  who  invenft^  and  employed  them,  so  tlmt  it  is  now  next  to 
impossible  to  say  upon  what  principles  it  was  founded — if,  indeed,  it  was  based  upon 
any  genenil  principles  at  all — or  what  ideas  it  was  meant  to  convey.  In  the  language 
of  Lavoisier,  speaking  of  the  alchemists — **  II  leur  aurait  et6  difl^cilo  de  transmettre  a 
leiirs  Iccteurs  ce  qu’ils  n'avaient  pa.s  eux-mf-mes,  d«*a  id<5es  ju.stcs  ct  vmics.  l)e  plus 
leur  objet  n’clait  pas  toujours  do  se  fuire  entendre.  Ils  sc  servaient  d*un  langage  ^nig- 
matique  qui  leur  ^tait  particulicr,  qui,  le  plus  souvent,  pr^sentait  un  sens  )x>ur  les 
ndepics,  un  autre  sens  pourle  vulgaire,  et  qui  n’avait  ricn  d’cxact  ct  do  clair  ui  pour 
les  uns,  ni  pour  les  autres.  C’est  aiinsi  quo  I’huilc,  lo  mercure,  I’cau  elle-mfeme  des  phi- 
losoplns  n’i^taient  ni  Thuilc,  ni  le  mercure,  ni  IV-au  dans  le  sens  que  nous  y attachons. 
iShonui  galtaius,  Thomme  armc,  d^ignait  um*  cucurbite  gomie  de  son  ebapitenu  ; la  tele 
de  mort,  uu  chapitcau  d'alombic  ; lo  pelican  exprimait  un  vaisseaudistillatoire;  Ic  caput 
mortuum,  la  terre  dumn^e,  signiflait  le  rcsidu  d uiie  di.‘*liUation.'’  At  a later  p*  riod,  ideas 
of  a more  material  order  inspirtHl  the  language  of  our  s<*ience,  and  slight  rt“scmblanc«i 
in  some  •■xterual  character  between  certain  chemical  pnxlucts  and  common  articles  of 
household  life,  gave  rise  to  such  names  as  oil  of  vitriol,  oil  of  tartar  by  deliqu«»ccncc, 
CTtam  of  tartar,  milk  of  lime,  butt  r of  antimony,  sugar  of  lead,  liver  of  sulphur; — 
names  which  surely  justified  Dumas  in  saying  chiinistcs  sembluient  avoir  emprunle 

le  iangngo  des  cuisiniercs.”  But  the  iuappi\>priato  character  of  the  names  of  indi- 
vidual sul^stances  was  not  the  only  defect  of  chemical  nomenclature  in  early  tirncti: 
another  great  fault  was  the  multiplicity  of  names  borne  by  a single  substaiUM-.  Thus, 
for  example,  the  laxly  now  known  as  sulphate  of  potassium  was  calk'd  vitriol  of  }totask, 
vitrUdisrd  tartar,  vitriulUfd  nitre,  sal  de  duobus,  arcanum  duplicaium,  sat  duplkatum, 
panacea  duplicata,  sat  mdgehrestum  Glaubt  ri ; and  carbonate  of  potassium  was 
faed  salt  of  tartar,  fiara  vegetable  alkali,  aerated  fixtd  veg*  table  alkali,  chalky  tartar 
(tartre  crayeux),  mephitic  tartar,  uitrum  fxum  per  se,  Alkahest  of  Vanhelmoni,  alcali 
cxtemjstraneum,  &c. 

According  to  Lavoisier,  the  merit  of  having  made  the  first  atU'mpt  towards  the 
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intiYxiuction  of  a nomooclature  based  upon  truly  chemical  principles,  is  chiefly  due  to 
Macquer  and  Baum^:  ^'Cesti  eux  qu*on  doit  principalemcut  d’avoir  d6signi^  les 
s^ls  m^'talliques  par  le  uom  de  Tacide  et  du  m^tal  qui  entrent  dans  leur  composition; 
d'avoir  cIush^  sous  le  nom  de  citrif^s  tons  los  sels  r^ultants  de  la  dissolution  d‘une  sub- 
stance m6tallique  dans  I'acide  vitriolique ; sous  le  nom  de  nitres  tous  les  sels  dans 
h^uels  entre  i acide  nitreux  ’*  [nitric  acid].  A further  advance  towards  a systematic 
nomencUiture  was  made  by  Bergman  in  nia  Sciagraphia  regni  mineratis,  first  pub- 
li.sbed  In  the  Upsal  Transactions,  and  issued  separately  in  1782  (the  edition  that  has 
l»een  consulted  la  dated  London,  1783),  and  in  his  JlwughtaonaNatiirat Sgatemof  Fossils 
published  at  about  the  same  time.  This  work  has  been  consulted  in  “Essays  Physical 
and  Chemical,  by  Sir  Torbem  Bergman,”  Kdinb.  1791.  In  the  former  work,  names 
made  up  of  a noun-substantive  to  indicate  the  base,  and  an  ai^'ective  denoting  the  acid, 
are  given  to  the  salts  of  the  alkalis,  earths,  and  metals.  The  following  is  a specimen 
of  this  nomenclature : — 


Modem  luTnfV. 

Sulphate  of  Potassium 
Nitrate  „ 

Chloride  „ 

Carbonate  „ 

Sulphate  of  So^um 
Nitrate  „ 

Chloride  „ 

Carbonate  „ 


Rergman'i  names. 

Alkali  vcgctahils  vitriolatunu 
Alkali  vegetabilt  nitratu7)i» 
Alkali  VfgitalAle  salitum. 
Alkali  vegetahils  aeratum. 
Alkali  mineraU  vUriolatum. 
Akali  minerah  nitratum. 
Alkali  miiurale  salitum. 
Alkali  minerale  aeratum. 


The  earths  being  distinguished  as  terra  pondcrosa,  calx,  magnesia,  argilla,  and  terra 
silicea,  the  names  of  their  salts  were  formed  in  the  same  way  as  those  of  the  salts  of 
the  alkalis : as,  terra  ponderosa  vitrudata,  calx  Jluoraia,  magnesia  aerata.  The  metal- 
lic salts  also  were  named  in  the  same  manner,  r.g.fcrrvm  vitriolatunu,  ferrum  atratum, 
frrrum  ni/raium,  ferru7H  salitufu,  xincu7/i  vitritJatunn,  &c.  In  the  s^'cond  of  the  works 
mentioned  above,  the  latter  part  of  which  specially  treats  “ Of  giving  Names  to  Fossils,” 
Bergman  suggested  a still  more  systematic  nomenclature.  In  the  first  place,  ho  pro- 
posed to  designate  all  metals  by  names  ending  in  •um,  and  accordingly  replaced  the 
plaiina  of  the  Spaniards  hy  platinum.  The  acids  ho  denoted  by  adjfM.'tival  sub.stantivcs, 
as  follows  : — vitriolicu77i  (sulphuric),  sulphunvm  (sulphurous),  nitrosum  (nitric),  ni- 
irrum  (nitrous),  muriaticum,  regalinum,fluoratnm,  arscnicale,  boracinum,  sacchnrinum^ 
oxalinum,  tartamm,  phosphoreum,  formicate,  atfrewm,  &c. — acidum  being  in  each  case 
understood.  By  adding  to  the  names  of  the  acids  adjectives  formed  from  those  of  the 
several  bases,  he  obtained  names  for  the  neutral  s^ts ; as,  for  example,  vitHolieum 
potassinatum,  «7riofi<r«m  nairatu/rt,  muriaticum  a77wiotiiacum,  nitrosutn  barytatum, 
mun'o^tcum  bargtaium,  nt7rtwt«m  argentaium,  araenicale  cobaltatum.  He  even  went  so 
far  as  to  point  out  how  salts  formed  by  the  combination  of  the  same  acid  and  base  in 
various  proportions  might  be  distinguished:  thus — “Tartar,  with  an  excess  of  acid, 
can  b*>  defitu'd  by  a combination  of  its  generic  name  with  the  genitive  of  its  base,  as 
tartartum  poiassini ; but,  when  perfectly  saturated,  may  be  called  tartareu7n  po- 
tassinatum.  In  like  manner  we  shall  have  oxalinum  potassini,  but,  when  exactly 
saturated,  it  will  be  oxalinum  judasainatum  ; vitriolicum  natri,  and  vitrioUcum  natra- 
tuTn;  natrum  boracini  [boracinum  natri and  boraemum  natraium  ; and  so  on  of 
others.”  We  have  in  this  passage  probably  the  first  instance  of  the  systematic  employ- 
ment of  tlic  methocl  which  has  b^n  used  to  so  great  an  extent,  and  with  so  much 
advantage  in  modern  chemical  nomenclature— that,  namely,  of  employing  definite 
inflections  or  changes  of  termination  to  express  definite  differences  of  composition. 

Al-iout  the  same  time  that  thc'sc  reforms  were  proposed  by  Bergman,  a similar 
attempt  was  made  in  Franco  by  Guyton  do  Morveau.  The  suggestions  of  the 
French  chemist  were  first  publishetl  in  the  Journal  de  Pbgsiquc  fov^iny,  1782,  and  were 
known  to  Bergman  when  he  published  his  later  system:  lor  he  expressly  states  that 
he  adopts  the  terms  barites  in  place  of  terra  ponderosa  from  de  Morveau,  but  he  at  the 
same  time  asserts,  by  implication,  the  independent  character  of  liis  own  nomenclature, 
by  expressing  his  satisfadion  at  the  agreement  he  finds  between  many  of  de  Morvcuu’s 
proposed  reforms  and  his  own.  The  respectful  terms  in  which  each  author  speaks  of 
the  other,  forbid  us  to  think  that  either  was  in  any  degree  chargeable  with  plagiarism ; 
but  the  following  specimen  of  do  Morveau’ s nomenclature  (quoted  by  Dumas  in 
his  I^^ons  de  Philosophie  p.  228),  will  show  that  it  closely  resembled  Berg- 

man’s, not  only  in  the  principles  of  its  formation  and  its  range  of  application,  but  also  in 
several  of  the  individual  names  adopted. 
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Specimen  of  Guyton  de  Jldorveau*i  sysUm  of  Chemical  Homendaiurt. 


Actdca. 

Baaea. 

Vitriolique 

. Vitriols 

. Pldogistiqas 

Nitreux 

. Nitres 

. Calce 

Arst^nical . 

. Ars^niates . 

. Baryte 

Boracin  . 

. Boruxs 

Or 

Flnorique 

. Floors 

Argent 

Citronien  . 

. Citrates 

. PLitine 

Oxalique  • 

. Oxaltes 

. Mercure 

S^bac6  . • 

. Sebates 

. Cuivre 

Esprit  de  vin. 

Altboogh  dc  3Iorreau*s  suggestions  do  not  appear  to  haTe  produced  anj  immediate 
effect  of  importance,  the  attention  which  he  succee<1ed  in  calling  to  the  subject  resulted 
soon  afferwurdH  in  the  publication  of  a much  more  complete  and  more  successful  plan 
of  reform.  This  aystem  of  nomenclature — the  joint  production  of  Lavoisier,  de 
Morveau,  Bcrthollcl,  andFourcroy — was  published  in  1787,  und<rthe  title  **  MUhodc 
de  ilomcnciature  Chi iniqw,  propose f par  MM.  de  Afortvuu,  Lavoisitr,  Bcrthiltt,  et  de 
Fourcroy,**  (Paris,  1787,  8vo.),  and  still  continues  the  foundation  of  the  lan- 
guage which,  with  many  rariations  in  minor  points,  is  employed  by  all  chemists  at 
the  present  day.  It  was  based  upon  the  fundamental  propositions  that  all  substances 
whi^  cannot  be  decomposed  must  bo  regarded,  proTisionally  at  least,  as  simple  ; and 
that  the  names  of  compound  bodies  ou^ht  to  in^cate  the  simple  bodies  which  they 
contain,  and  also,  as  far  as  possible,  their  relative  proportions.  Thus  the  compounds 
of  oxipine  were  subdivided  into  oxides  and  acides,  and  these  latter  were  again  dis- 
tinguished by  specific  names  ending  in  •eux  or  -ique  respectively,  according  as  they 
contained  leos  or  more  oxygen : for  example,  oxide  dareenic,  acide  ars^nique^  oxide 
nitreux,  acide  nitreux^  ari^  nitrique ; acide  eulfureux,  acide  etdfurique.  When, 
however,  several  compounds  of  the  same  elements  in  different  proportions  were  known, 
it  was  found  impracticable  to  carry  oat  the  second  fundamental  rule  to  its  full  extent, 
and  in  such  cases,  as  for  instance  in  the  case  of  the  organic  acids,  arbitrary  names  were 
adopted,  whicii  recalled  the  derivation  of  the  substances  to  which  they  were  applied, 
and  were  similar  in  form  to  the  names  formed  more  strictly  ai^rdiug  to  rule.  Thus, 
for  example,  came  such  names  as  acide  auceinique,  acide  vialique^  acide  tariareux,  &c. 
The  very  important  rule  according  to  which  the  names  of  metallic  and  other  salts  are 
formed  from  the  names  of  the  corresponding  acids — the  former  being  made  to  end  in 
dte  or  ~a(t  resp<*ctively  when  tlic  latter  end^  in  ~eux  or  ~ique — was  also  now  intro- 
duced for  the  first  time.  The  nomenclature  of  this  class  of  bodies  thus  became  very 
nearlv  whut  it  is  at  present,  as  will  appear  from  a few  examples: — sulfate  dalumine^ 
Otemfait  aluminaix ; nitrite  d ammoniaepu^oe nitrite  ammoniacal ; nitrated amnxoniayue 
or  nitrate  ammoniacal ; carbonate  barytique,  or  carbonate  de  baryte ; phosphate  de 
aoude^  &c.  &c. 

The  mineral  acids,  oxides,  and  neutral  salts  being  almost  the  only  chemical  sub- 
stances which  had  been  much  studied  at  the  time  of  which  we  are  speaking,  it  is  no 
reproach  to  the  nomenclature  of  Lavoisier  and  de  Murveau  to  say  that  in  its  original 
form  it  was  not  applicable  to  many  compound  bodies  besides  thes<> ; but  the  fact  that 
so  much  of  their  system  is  still  retained,  and  that  our  present  nomenclature  has 
resulted  from  it  by  a process  of  development,  rather  than  of  organic  change,  is  a 
striking  proof  how  well  they  succeeded  in  their  professed  object  of  devising  *•  une 
m^thode  de  nommer,  plutot  qu'une  nomenclature.” 

It  is  obvious  fnim  what  has  been  said  that  Lavoisier's  nomenclature  was  an  em- 
bodiment of  the  antiphlogistic  docirints  in  chemistry,  and  accordingly  we  find  that  the 
history  of  its  spn^ad  and  adoption  is,  in  the  main,  the  histor}'  of  the  advance  of  these 
doctrines.  It  naturally  came  into  general  use  earlier  in  i-'ranoe  than  elsewhere,  but 
according  to  Kopp  {GeschUhte,  ii.  418),  it  was  adopted  by  Black  and  other  leading 
English  chemists  almost  from  iho  first.*  The  Systeme  de  Nommclature  was  translated 
into  English  by  Pearson,  the  translation  reaching  a secend  tHlitioD  in  1799.  In 
1802  Chenevix  published  a work,  ably  advocating  its  adoption,  and  one  of  the 
earliest  important  improvements  which  it  received  was  due  to  I)r.  Thomas  Thomson, 
who  in  1804  introduced  the  terms  protoxide,  dcutoxide,  peroxide,  &c.,  to  distinguish  the 
different  degrees  of  oxidation  of  the  same  metal  The  new  nomenclature  was  translated 
into  German  by  Girrtanner,  in  1791,  under  the  Xx\\e  Heue  chemiache  Nomenclatur  f%r 

* This  kUlement  cannot  be  more  (h«o  pArtialljr  true  in  lo  far  at  it  relatea  to  Black  ; for  according  to 
Robt»oo,  “ He  disliked  the  avowed  principle  of  the  nomenclature,  thinking  it  more  likelj  to  corrupt 
acicnce  than  to  promote  it ; and  he  becan  to  write  lorae  obtervatioua  upon  It,  but  be  aoon  daaiated.’* 
(Biack’i  LecSmrts  em  ike  Skmenta  aJ  C'Acma/ry,  vol.  ii.  p.  31S.) 
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die  deutsche  i^pracke  ^Berlin),  bnt  iu  general  adoption  in  Germany  was  due  in  great 
nieoisare  to  Gren  and  toGilbert,  the  editor  of  the  Annalen  der  Pht/sik,  a journal 
whieb  was  the  forerunner, -from  1799  to  1824,  of  the  present  “PoggeiKlorff's  Amialen 
der  Pbysik  nnd  Chemie,”  In  1796  it  was  translated  into  Swedish  by  Ekeberg,  and 
vas  employed  by  Berzelius  in  his  earliest  memoirs. 

In  1814,  a nomenclature  based  npon  similar  principles,  but  as  was  supposed  by  its 
author  more  in  harmony  with  the  genius  of  the  lan^;aages  of  Northern  Europe,  w*as 
proposed  by  Oersted  of  Copenhagen.  The  following  are  a few  examples  of  this 
DomencUture : Eld,  oxygen  (from  lid  fire,  Danish);  Eldluft,  oxygen  gas; 
elden,  to  oxidise;  Brint,  hydrogen  (from  brennen  s to  bum,  Germ.);  .£sch, 
alkali;  sschig,  alkaline;  T an sbk,  potash;  Natenesk,  soda ; Svafrelbrintadt 
SrafTeltaniesk,  sulphydmte  of  potassium. 

The  spread  of  the  new  nomenclature  was  not  however  alt<^ether  unopposed  even  by 
chemists  who  accepted  the  most  important  d«jctrines  of  the  antiphl<^istic  school.  Sir 
Humphry  Davy  in  particular  objected  to  it,  on  the  ground  tnut  it  was  based  upon 
theoretical  views  of  the  composition  of  bodies.  While  admitting  that  the  principle  of 
regarding  undecomposed  bodies  as  simple,  was  logical  and  truly  philosophical,’*  he 
coDtended  that  this  principle  could  not  be  safely  taken  as  the  basis  of  a nomenclature, 
until  all  the  elements  were  certainly  knowm ; and  hence  he  preferred  such  names  us 
metals,  earths,  alkalis  (which  merely  class  together  hs  similar  the  bodies  to  which  they 
arc  applied),  to  names  like  oxides,  sulvkurcts,  muriaUs  (which  involve  a theoreiiciLl 
explanation  of  the  similarity  of  the  boaies  denoted  by  them).  In  applying  these  views 
to  the  nomenclature  of  individual  substances,  Davy  endeavoured  “to  signify  tlie  amilo- 
gies  of  substances  by  some  common  sign  affixed  to  the  beginning  or  termination  of  the 
word.**  Thus,  as  Uie  metals  had  been  distinguished  by  a termination  in  utn  as  aurum, 
**  ao,**  bo  said,  “ their  culciform  or  oxidated  state  might  have  been  denoted  by  a termina< 
tion  in  a,  as  aura,*'  a rule  already  followed  in  the  Latin  nomenclature  of  the  alkalis 
and  earths,  which  Davy*s  own  experiments  had  proved  to  belong  to  the  class  of  oxides. 
Similarly  be  proposed  to  denote  the  chlorides  containing  one  proportion  of  chlorine  by 
names  ending  in  -ane,  and  those  containing  two  and  three  proportions  respectively,  by 
names  in  -ana,  and  in  ^anee  ; for  tlie  iodides  he  proposed  names  in  -a^ne,  and  ~a/na  ; for 
the  fluorides,  names  in  -ale,  and  -ala.  According  to  this  system  the  oxide,  fluoride, 
iodide  and  chloride  of  lead  were  called  respectively  plumba,  jdumbala,  plumbama, 
and  plumbana,  and  the  corresponding  compounds  of  other  elements  received  names 
similar  in  form.  When  he  propose<l  this  nomenclature,  Davy  seems  to  have  over- 
looked the  fact  that  the  statement  that  any  two  bodies  are  analogous,  is  just  as  truly, 
and  osnally  to  about  the  same  extent,  an  expression  of  opinion  respecting  them,  as  it  is 
to  say  that  they  contain  some  particular  element  in  common.  The  only  relic  of  this 
system  which  we  remember  meeting  with  in  the  current  literature  of  chemistry  is 
A zotan,  which  is  entered  in  the  Handworterbuck  der  Chemie  (2nd  odit.)  as  “a  little 
U5«*d  name  for  chloride  of  nitrogen.’* 

Several  other  attempts,  not  more  successful  than  that  of  Davy,  have  been  made  to 
suletitute  some  entirely  different  method  of  nomenclature  for  that  proposed  by 
Lavoisier  and  his  colleagues,  but  it  would  offer  no  particular  interest  to  examine  them 
here.  Beferences  to  works,  where  particulars  may  bo  fuimd  relative  to  some  of  these 
attempts,  are  given  at  the  end  of  this  article. 

It  is  also  needless  to  particularise  all  the  modifications,  by  the  gradual  introduction 
of  which  the  Lavoisierian  nomeuclature  has  developed  into  the  language  employed  by 
chemists  at  the  present  da^.  The  most  important  of  these  changes  have  had  for  their 
ol'ject,  either  the  substitution  of  names  in  accordance  with  modern  views  of  the  naturo 
of  certain  substances  for  earlier  names  which  were  in  opposition  thereto  (as  of  chlorine 
^^hi/drochloricacidioT  oxymuriatic  oct^and  muriatic  acid  respectively);  the  more  exact 
statement  of  the  quantitative  composition  of  compounds  (as  for  instance  the  employment 
of  the  prefixes  per-,  hypo-,  &c.,  in  addition  to  the  terminations  -ic  and  -ous,  -ate  and 
-ite,  to  distinguish  the  various  classes  of  oxygen-salts  funned  by  the  same  clement,  and 
the  use  of  numerical  prefixes,  such  as  di-,  tri-,  srsqui-,  for  analc^ous  purposes);  or, 
lastly,  the  introduction  of  greater  uniformity  in  the  methods  of  naming  analogous  com- 
pounds (as  the  employment  of  the  termination  -ide  in  forming  the  names  of  the  binary 
compoundsof  all  the  elements,  that  is  to  say,  the  substitution  of  such  names  as  su/pA/efr, 
hydride,  &C.,  for  sulphurtt,  hydurct,  &C. ; the  extension  of  the  use  of  the  tenninutious 
-ic  and  -ous  to  metallic  salts,  such  as  mercuric  and  mercurous  chloride,  ferric  and 
ferrous  sulphate,  &c.;  and  the  substitution  of  the  names  of  the  alkali-metals  and 
alkaline-earth  metals  for  those  of  their  oxides  in  the  nomenclature  of  the  corresponding 
oxygen-salts,  e.g.,  carbonate  of  sodium,  sulphate  of  barium,  &c.,  for  carbonate  of  soda, 
sidphaU  of  baryta,  &c.,  so  as  to  bring  the  names  of  these  bodies  into  uniformity  with 
those  of  the  salts  of  the  heavy  metals,  sulphate  of  copper  for  example*). 

* The  names  sulfate  de  toudSt  sulfate  de  baryte,  sulfate  de  ewiere.  See.,  were  nrlgtoally  strlctljr 
analogous  to  each  other,  soda,  baijU  and  copper  being  all  of  them  regarded  as  simple  bodies  j but 
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In  stilting  the  rules  which  are  now  moBt  generally  adopted  in  forming  the  names  of 
chemical  substances,  it  will  be  convenient  to  retain  the  old  distinction  between  inor- 
ganic and  or^nic  compounds,  the  nonienchitiiro  of  the  former  class  being,  as  we  have 
^reariy  stated,  for  the  most  part  a mere  extension  of  that  of  Lavoisier  and  his  colleagues; 
while,  among  the  latter  class,  the  large  number  of  bodies  composed  of  the  same  elcmenU 
has  necessitated  the  at  least  partial  adoption  of  other  principles  of  nomenclature. 


NOMEyCLATURB  OF  InOROAKIC  Bo1>I£8. 


yamfs  of  the  ElcmenU. — No  uniform  principle  has  been  followed  in  the  nomencla- 
ture of  the  elementary  bodies.  Those  which  have  b<»en  long  known,  have  be<*n  allowed 
to  retain,  either  entirely  unaltered,  or  with  slight  modifications,  the  names  which  belonged 
to  them  in  common  language;  us  iron,  sulphur,  tin.  zinc,  carbon,  &c.  Of  ele- 
ments discovered  in  recent  times,  those  of  wliich  compounds  wore  previouf*Iy  known 
have  generally  received  names  derive-d  from  those  of  their  best  known  comj»ouiids,  as 
potassium,  sodium,  aluminium,  magnORium,  sillciura.  Elements  whose 
discovery  belongs  more  completely  to  modem  times  have  been  named  in  very  various 
ways  ; sometimes  from  the  name  of  the  place  where  the  snb.stanee  which  first  3riclded 
the  element  was  originally  found,  as  strontium  from  Slrontiaii,  and  yttrium, 
terbium  and  erbium  from  Ytterby;  sometimes  from  some  characteristic  property 
of  the  element  itself  or  of  its  eom|X)unds,  as  iodine,  bromine,  rhodiu  m,  osm  inm, 
chromium;  sometimes  from  tho  circumstances  which  led  to  the  discovery  of  the 
element,  us  caesium,  rubidinm,  thallium,  indium,  all  of  which  names  n-fer  to 
the  colour  of  the  spectroscopic  lines  by  means  of  which  the  respective  metals  were 
detected  ; sometimes  a salient  chemical  or  physical  property  has  determined  the  choice 
of  the  name,  as  in  the  cases  of  oxygen,  and  chlorine.  Many  names  of  elements 
commemorate  personages  of  ckssical  mythology,  os  pall  ad  in  ra,  niobium,  titanium, 
selenium,  tellurium,  uranium;  while  two,  thorinum  and  vanadium,  peT- 
form  the  same  office  for  Scandinavian  deities. 

But  notwithstanding  this  great  variety  in  tho  sources  from  which  the  names  of  the 
elementary  bodies  are  derived,  these  names  yet  exhibit  a certain  amount  of  regularity 
in  regard  to  their  forms : thus,  the  majority  of  the  metals,  including  all  those  discovered 
in  recent  times,  have  nam*^  ending  in  -«m,  and  this  t«Tmination  is  confined  exclusively 
to  well  characterised  metals  and  to  selenium,  tellurium,  and  silicium,  IxKlies 
which  lie  nearly  upon  the  border-line  between  metals  and  inetalloTds;  again,  the  names 
of  the  halogens  fluorine,  chlorine,  bromine,  and  iodine  all  end  in  -inc,  and 
the  names  of  another  group  of  somewhat  analogous  elements,  boron,  carbon,  and 
silicon  ♦ (or  silicium),  have  the  common  termination  -on. 

Eames  of  Inorganic  Compounds. — The  simplest  compounds  of  the  elementary  bodies 
are  denoted  by  names  ending  in  -idc ; thus : — 


Tho  simplest  compounds  of  chlorine 
„ bromine 

„ hydrogen 

„ oxygen 

„ sulphur 

„ nitrogen 

„ phosphorus 

,,  carbon 

&c. 


are  called 
*» 

» II 

It  II 

II  It 

II  II 

II  II 

II  II 


chlorides, 
brn  mi  dos. 
hydrides, 
oxides, 
sulphides, 
n itrides. 
phosphides, 
carbides. 

&c. 


These  names  may  be  considered  as  names  of  genera : in  ordi-r  to  denote  individual 
compounds  we  require  to  ad<l  to  them  specific  distiuctions  indicating  the  second  element 
which  each  pjirticular  com|K>und  contains.  The  specific  name  of  a compound  body  is 
formed  from  its  generic  name  by  prefixing  an  ai^'ective,  generally  ending  in  -ic,  or  by 
adding  thereto  name  of  its  second  elementary  constituent  preceded  by  of  Thus 


when  the  alkalli  and  earlht  had  been  proved  bj*  DuTy  to  be  metallic  nxidet,  the  nomenclature  of  their 
mU«  cea»ed  to  be  in  exact  accordance  with  that  of  the  corrcipondinit  lalta  of  the  heavy  mrUii.  The 
clumay  remedy  for  thi«  »tate  of  (hinft»  which  eonaisted  in  dctifn’*iieg  the  Utter  claaa  of  laitt  by  name* 
like  tulphatu  of  otide  <g  copper,  aiilphate  of  protogidc  ig  mm,  (ulphato  of  teiquh>*ide  (ff  iron,  &c« 
would  atiuredly  never  have  t^en  adopted  by  I..avoliler.  ft  la  plain  trom  many  pa»«agc«  in  hit  wiitintt 
(•«**,  for  initance.  hi*  Traite  tlkmenfairt  iL-  Chimie,  vol.  I,  pp.  174.  176-lW).  and  19.>),  that  he  was  fully 
aware  of  the  imi>uriant  differencet  exhibited  liy  metal*  on  the  one  hand,  and  by  metallic  oxide*  or 
alkali!  and  alkaline-earth*  on  the  other  hand,  in  the  ptienomeua  which  accompaujr  their  conTeraion  into 
a.ilt«.  and  that  he  even  reRardeti  those  phenomena  a»  indicatini;  that  the  alkuune.earth*  were  in  reality 
metallic  oxides.  He  nl•vertheleu  dhl  not  venture  to  introduce  into  the  names  of  the  saIu  of  these  tub. 
atances,  the  names  of  the  meuis  which  be  supposed  them  to  contain,  inaimuch  as  the  existence  of 
these  metals  had  not  yet  been  cx]>eriinrnialty  demonstrated  ; but  knd  ihit*c  riictsis  been  known.  It  is 
Quite  certain  that  their  names,  and  not  llm>«  of  their  oxides,  would  liave  been  selected  by  him  to  form 
tne  bails  of  tho  nomenclature  of  the  corresiraadlng  salts,  beealso  C h e n e v i x,  Rcmark$  upon  Chemical 
A'owiciic/a/iirc  (Lend.  1802),  pp.  30,  79. 

* The  Dame  Grapfwn  {q.  v.)  Is  formed  upon  the  analogy  of  these. 
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tht'  compounds  of  chlorino  with  hydrogen^  potassium  and  silver,  respectively,  are 
railed  hydric  chloride  or  chloride  of  hydrogen,  potassic  chloride  or 
chloride  of  potassium,  and  argentic  chloride  or  chloride  of  silver.  When 
the  relative  electro-chemical  characters  of  the  constituents  of  a binary-compound  are 
veil  marked,  the  most  electro-negative  of  the  two  is  always  taken  as  the  one  which 
hhall  supply  the  generic  name,  while  the  specific  designation  is  derived  from  the  more 
electro-positive  constituent,  as  in  the  foregoing  examples.  When  there  is  no  vciy'  dis- 
tinct difierence  in  the  positions  of  the  two  constituents  in  the  electro-chemical  sories, 
the  generic  or  specific  name  may  bo  formed  either  of  them  indiderently : thus,  we 
msT  say  either  carbide  of  hydrogen  or  hydride  of  carbon. 

If  the  same  two  elements  combine  in  more  than  one  proportion,  the  compound  into 
vbicb  they  enter  in  the  ratio  directlv  indicated  by  their  respective  combining  capacities 
(CYissiFicATiox,  i.  1011)  is  generally  named  in  accordance  with  the  above  rules;  the 
modes  of  distinguishing  compounds  in  other  proportions  will  be  seen  by  the  following 
examples : — 


n*0  hydric  oxide,  or  oxide  of  hydrogen, 

HK)*  es  hydric  dioxide,  or  dioxide  of  hydrogen ; 

CnCl*  ■»  cupric  chloride,  or  chloride  of  copper, 

CuH.'!’  = cuprous  chloride,  or  dicupric  chloride,  or  (if  regarded  as 

Cu*Cl*  t 

QyQ  ^ ^ cupric  heiuichloridc,  or  hemichioride 

of  copper,  or  subchlori  do  of  copper; 

CuO  = cupric  oxide,  or  oxide  of  copper, 

CuK)  a cuprous  oxide,  or  dicupric  oxide,  &C. : 

FeO  ••  ferrous  oxide,  or  protoxide  of  iron, 

Fe*0*  «•  ferric  oxide,  or  sesquioxido  of  iron; 

MnO  a manganous  oxide,  or  protoxide  of  manganese, 

Mn*0»  B manganic  oxide,  or  sosquioxido  of  manganese, 

Mn'O*  « maoganoso-manganic  oxide, 

MnO^  n manganic  dioxide,  or  dioxide  of  manganese,  or  manganic 
peroxide,  or  peroxide  of  manganese. 


It  will  be  seen  that  in  the  case  of  iron  and  manganese,  the  simple  names  firric  oxide 
and  mannanic  oxide  are  not  given  to  compounds  whoso  composition  bears  the  most 
direct  relation  to  the  atomicity  of  these  metals,  and  many  other  instances  of  the  same 
kind  might  be  adduced.  The  reason  of  this  is  that  the  nomenclature  of  those  com- 
pounds WftS  fixi-d  long  before  the  rules  of  atomicity  had  been  discovertHi ; the  terms 
f*Trons  and  ferric,  manganous  and  manganic,  and  the  like,  hanng  been  employed  at 
first  merely  to  denote  two  distinct  series  of  compounds  formed  by  the  same  elements  in 
different  proportions,  but  without  any  reference  to  the  absolute  proportion  of  the  elements 
in  the  compounds  of  cither  series. 

The  nomenclature  of  chemistry  still  bears  truc«  s of  the  time  when  the  combinations 
of  oxygen  were  considered  ns  altogc*thcr  transcending  in  importance  those  of  any  other 
element.  Accordingly  the  terms  prote>xide  and  aesquioxide  having  been  introduced  to 
denote  oxides  whose  atomic  composition  was  expressed  by  the  ratios  1 : 1 und  2 : 3 
n^pectively,  the  analogous  terras  protochloride  and  aeaquichloride  are  applied  to  the 
corresponding  chlorino-compounds,  although  in  their  case  tlio  above  ratios  become  1 : 2 
and  2 : 6,  e.ff.  FeCl*  » protochloride  of  iron,  FVCl*  *»  sosquichloride  of 
i ron.  Sometimes,  however,  the  term  protoxide  is  used  to  denote  the  firat,  or  lowest, 
oxide  of  a metal  w^tever  its  atomic  compcoiitioD  tuay  be  ; thus,  for  instance,  cuprous 
oxide,  Cu*0,  is  sometimes  called  protoxide  of  copjxr,  especially  in  the  writings  of 
French  chemists,  and  the  other  com|>ounds  of  the  metal  receive  corresponding  names; 
f g.  cupric  oxide,  CuO,  becomes  deutoxido  of.  copper.  Sucli  names  as  tlu‘se  are  not 
hf'vever  to  be  recommended,  since  the  disco\'ery  of  a new  oxide  of  any  metal  might  at 
aar  time  throw  the  nomenclature  of  its  compounds  into  confusion. 

ronnerly  a distinction  was  made,  at  least  by  some  chemists,  between  the  Greek  and 
Lifia  Duraerals  when  used  as  prefixes,  the  former  being  employed  to  demote  sub-mul- 
tiplcs  and  the  latter  multiples  of  the  quantity  of  the  electronegative  clement  contain<Ml 
in  the  compound  who.se  atomic  ratio  was  1:1.  Thus,  cuprous  oxide,  Cu’O,  was  called 
dttttide  of  copper,  and  manganic  jx'roxidc,  MuO%  was  called  binoxide  of  man^ancar. 
yaA  prefixes,  whether  derived  from  the  Greek  or  Latin,  are  employed  in  this  work 
in  the  sense  of  multiples  of  those  constituents  to  whoso  names  they  are  attached, 
hydric  dioxide,  H*0’,  is  an  oxide  containing  twice  us  much  oxygen  as  hydric 
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oxide,  IPO ; but  dicuprie  oxide,  Ca^O,  ia  an  oxide  containing  twice  as  much  copper  as 
cupric  oxide,  CuO.  Ternia  derived  from  either  language  may  aometiraea  be  asc^iDdis- 
criminafely.  but  in  general  the  pn  ferenc<*  is  given  to  theOreek  prcfixee  (ri~,Utr‘,  &c. 

The  restriction  of  llie  terms  suhoTidf  and  ^roxide  to  oxides  whose  compoeition 
did  not  correspond  to  tliat  of  a series  of  salts  has  now  become  nearly  obsolete. 

Those  oxides,  which  by  reacting  with  the  basylous  oxides  are  capable  of  producing 
salts,  are  commonly  called  anhydrides  {qvasi  anhydrous  acids): — for  instance,  SO* 
e*  tuliihuraui  onAyrfrfVZe,  SO*  = ndphuric  anhydride,  *■  hypochlorom  anhydride^ 

CPO*  =»  chJorom  anhydride,  Cl*0*  chloric  anhydride,  C1*0*  = perchloric  anhydride, 
&c.;  and  Girhardl  pruwsjHi  to  extend  the  same  principle  of  nomenclature  to  the 
com'sponding  compound  of  other  elements:  thus  he  called  i**0*  photphoric  anhydride, 
and  and  1*01*  phosphoric  sulphanhydride  and  phosphoric  chloranhydride  n*spec- 
lively.  Such  names  as  these  last  have  not  been  extensively  adopted,  and  it  would 
probably  be  a greater  advantage  to  get  rid  of  the  term  anhydride  altogether  than  to 
generalise  its  use  in  this  way.  The  longest  series  of  oxides  may  be  easily  named  in  the 
manner  indicated  above  (p.  123)  without  employing  the  word  anhydride  at  all : as  C1*0, 
chloric  oxide;  C1*0*,  chloric  dioxide;  Cl*0*,  chloric  trioxide;  CI*0*,  chloric  tetroxidc; 
CPO*,  chloric  pentoxide,  Ikc.  Names  like  perchloric  oxide  for  C1*0‘  and  pernitric  oxide 
for  N*0*  are  improper ; if  the  nn  fix  per-  is  preferred  to  tlic  more  definite  numerical  pre- 
fix tetr-,  the  compoujids  should  be  called  chloric  peroxide  and  nitric  peroxide  respec- 
tively ; and  so  fur  other  similar  bodies. 

As  well  as  the  strictly  systf'matic  names  which  we  have  hitherto  been  discussing, 
many  binary  compounds  possess  other  names  which  must  be  re^rded  as,  to  some  ex- 
tent, exceptions  to  the  genend  rules  of  nomenclature.  This  is  the  case  particularly 
with  the  compounds  of  hydmgtm  : thus  hydric  fluoride,  chloride,  bromide,  iodide,  and 
sulphide  are  also  called  hydrofluoric  acid,  hydrochloric  acid,  hjdrobromic  acid, 
hyariodic  acid,  and  sulphydric  acid  res|>ectively.  Names  such  as  water  and  ammonia, 
which  have  no  reference  to  chemical  composition,  we  have  not  now  to  consider. 

As  has  been  pointed  out  in  previous  articles  (CLASsincATiojf,  i.  1015  ; EgctTALicrrs, 
ii.  492  ; FoRMn.34,  ii.  690),  the  simplest  compounds  are  those  in  which  the  combining 
capacities  of  the  elements  are  generally  most  distinctly  manifested,  and  consequently 
such  compounds  servo  as  stanaanls  of  comparison  or  types  for  others  of  much  more 
complex  composition.  In  a rational  nomenclature,  therefore,  the  name  of  each  com- 
pound would,  like  its  rational  formula,  express  the  relation  in  which  it  stands  to  some 
particular  standard  or  typical  comi>ound.  Accordingly,  when  the  nomenclature  of  the  pri- 
mary types  chloride,  oxide,  nitride,  &c , is  given,  the  nomenclature  of  all  their  immediate 
derivatives  is  easily  obtained.  The  examples  aln*ady  given  will  suffice  to  illustrate 
this  in  the  simplest  cases  ; the  polyatomic  ek-ments  however  frequently  fonn  compound.** 
referable  to  multiple  or  mixed  tyjK‘.s,  the  nomenclature  of  which  requires  a little  further 
explanation.  It  will  be  sufficient  however  to  give  the  names  of  the  most  important 
multiple  and  mixed  types,  with  a few  examples  of  the  nomonclaturo  of  individual 
compounds. 

The  names  of  the  multiple  types  ore  formed  from  those  of  the  simple  types  by  pre- 
fixing the  syllables  di-,  tri-,  Utr-,  &c. : thus,  the  simple  types  chloride  llCh  oxide 
H*0,  and  nitride  (or  amide)  H*N,  give  the  multiple  typ<-a  dichloride  tri- 

chloride H*C1*,  &c.,  dioxide  H*0*.  trioxide  H*0*,  &c.,  dinitride  (or  diamide) 
H*N'.  t rini  t ride  (or  triamidc)  H*N*,  &c.  No  very  fixed  system  has  yet  been  adopter! 
for  the  nomenclature  of  the  mixed  types,  but  they  may  be  very  simply  named  and 

with  scarcely  any  departure  from  established  tLsage,  os  follow's:  = chloro- 

ipci*?  . nci  1 

II13r  [ " chloro-dibromide,  &c.  ; 

oxi-dicbloride,  2S*|  “ dioxi-chloride, 
: “ chloro-nitride,  | — dichloro- 


bromide. 


HCl  ) . , , • j II -CP 

31*0  J **  JJ2Q 

H-O*  J 
nitride, 


trioxi -dichloride,  &c. ; 


nitride, 


II»0 

U'N* 


chloro-di nitride,  &c.;  ■■  oxi -nitride,  | « dioxi- 

HC11 

oxi-dinit ride, &c.;  H*0  ^ — oxi-chloro-n itride,&c.  The 

h*nJ 

name  hydoramide  or  hydoraminc  has  been  suggested  by  Kekul6  for  the  mixed  type 
H*N  I’  employed  in  several  places  in  this  work. 

From  the  names  of  types,  the  mimes  of  particular  compounds  are  obtained  by 
prefixing  to  them  adjectives  which  express  the  nature  of  the  clement  by  which 
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tile  hjorogen  of  the  t^rpe  iff  replaced  and  the  number  of  atoms  of  it  contained 
in  one  molecule  of  the  compouud.  Examples:  PtCl*  » platinic  dichlo* 
ride,  ' PbH)’  » diplnmbic  trioxide,  Pb*0*  triplumbic  tetroxide, 
Pb* ) Pb’  f 

g,  >0*  w diplumbo-dihjrdric  trioxide,  jj,  jO*  = triplumbo*dihydric 
tetroxide,Bi |q  » bismuthic  oxi<chloride,  Pb*jQ  = diplumbicoxi-di- 
chloride^Pb’jQ,  = triplumbic  diox i-dichloride,  Hg*  |qj  ^ trimercuric 
dioxi-dichloride,  “ mercuro(or  hydargyro-)  dihydric  chloro-ni- 


tride, 


tetramercuro-tetrahydric 


trioxi-dinitridc, 


Hg* 


Cl* 

O* 

N* 


« tetramercuro-tetrahydric  dioxi-dichloro-dinitride. 


When  we  are  able  to  assume  that  the  combining  capacity  of  an  element  is 
known,  there  U no  need  to  express  this  in  the  names  of  its  compounds,  and  in  that 
case  names  forin^'d  as  above  often  admit  of  considerulile  simplihcation.  Thus  it  is 
sofieient  to  call  BaCl*  barytic  chloride,  instead  of  barytic  dieluorido  ; haryto- 

hydric  oxidr,  instead  of  bury to-dibydric  dioxide ; BiCl*  bismuthic  cA/ort'<fe,  instead  of 
bUmuthic  tricliloride,  &c.  A further  simpliflcution  of  many  of  the  above  names  is 
effected  by  using  the  term  hydrate  for  derivatives  of  the  typo  11*0  and  its  multi- 
ples in  which  the  hydrogen  is  only  partially  replaced  by  other  elements,  and  the  term 
amine  or  amide  for  compounds  derived  by  similar  partial  replacement  from  the 
type  H*N  and  its  multiples.  For  instance  KHO  may  be  called  pidassic  hydrate  in- 
stead of  potassio-hydric  oxide  ; BaH*0'  may  be  called  6ar//^ic  instead  of  baryto- 

hydric  oxide  or  baryto-dihyilric  dioxide;  BiH'O*  may  be  called  bismuthic  hydrate 
ia^ead  of  bismutho-tribydric  trioxide ; Ko*H*0*  may  bo  called  ferric  hydrate  instead 
diferrico-hexhydric  hexoxide,  &c.  Similarly,  KH  N may  be  called  potassafaiTte^ 
instead  of  potassio-dihydric  nitride ; K*IIN  may  be  called  aipotassaminr,  instead  of 
dipota.«sio-hydric  nitride,  &c.  The  u.se  of  the  terms  pliosphamino,  arsenamine,  and 
ktibomine  for  the  respective  compounds  H*P,H*As,  and  Jl*8b  is  improper,  inasmuch 
M the  termination  -amine  (derived  from  ammonia)  ought  to  be  reserved  for  the  com- 
pounds of  nitrogen,  the  characteristic  element  of  ammonia  ; they  moreover  completely 
violate  the  analogy  of  such  names  as  those  last  spoken  of,  fur  if  potassamine  and 
meicunmine  are  compounds  derived  from  ammonia  by  the  substitution  of  potassium 
and  mercury  for  hydrin,  phosphamiue,  arsouumine  and  stibamine  ought  to  be  bodies 
similarly  derived  by  the  substitution  of  phosphorus,  arsenic  and  antimony  for 
hydrogen.  H*P,  H’As,  and  H*Sb  onght  to  be  called  either  kydric  phosphide^  hydrio 
arseiniU,  and  hydric  stUndej  or  phosphine^  arsine,  and  stiUne. 

The  rules  followed  for  the  nomenclature  of  the  oxyge  n-saits  are  essentially  the 
same  as  for  the  compounds  we  have  been  hitherto  considering,  except  that  instead  of 
the  termination  -ide  we  have  the  terminations  -ate  and  -ite.  When  an  element  form.s 
only  one  class  of  salts,  the  name  of  the  class  is  formed  from  that  of  the  element  itisclf 
by  means  of  the  termination  -ate.  When  an  element  forms  two  classes  of  salts  the 
generic  name  of  those  which  contain  most  oxygen  is  usually  formed  in  the  manner 
just  describod,  and  the  generic  name  of  those  containing  less  oxygen  is  similar  but 
ends  in  -its  instead  of  in  -ate.  If  the  same  element  forms  more  than  two  classess  of 
salt*,  the  prefixes  hypo-  and  per-  are  employed  os  further  means  of  distinction,  or 
Ofca*ionally  some  special  system  of  nomenclature  is  adopted.  The  following  examples 
will  illustrate  the  application  of  these  rules  to  particular  cases: 


KNO* 

AgNO* 

KNO» 

AgNO* 

Ba(NO*)* 

Kao 

Kao* 

Kao* 

KCIO* 

K*S*0* 

K*SO* 


» Potassic  nitrite  or  Nitrite  of  potassium. 

« Argentic  nitrite  or  Nitrite  of  silver. 

M Potassic  nitrate  or  Nitrate  of  potassium. 

Argentic  nitrate  or  Nitrate  of  silver. 

» Barytic  nitrate  or  Nitrate  of  barium. 

» Potassic  hypochlorite  or  Hypochlorite  of  potassium. 
«>  Potassic  chlorite  or  Chlorite  of  potassium, 
a Potassic  chlorate  or  Chlorate  of  potassium, 
w Potassic  perchlorate  or  Perchlorate  of  potassium. 

B Potassic  hyposulphite  or  Hyposulphite  of  potassium. 
B Potassic  sulphite  or  Sulphite  of  potassium. 
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K*S*0*  ^ Potassic  hyposulphute  or  llyposulphate  of  potaesinnu 

K’80*  IB  Potan^ic  solphato  or  Sulphate  of  potassium. 

In  a fow  cases,  names  formed  in  the  same  manner  as  these  are  given  to  salts  which 
differ  otherwise  than  in  the  mere  proportion  of  oxygen  that  they  contain:  for 
instance — 

KH*PO*  =s  Potassic  hypophosphite  or  Hypophosphitoofpotassium. 

K*HPO*  » Potassic  phosphite  or  Phosphite  of  potassium. 

K’PO*  s Potassic  phosphate  or  Phosphate  of  potassium. 

These  three  classes  of  salts  differ,  as  will  be  obsen-tnl,  in  respect  to  the  quantity  of 
hydrogen  as  well  as  of  ox3*gen  which  they  contain.  Tho  explanation  of  tho  anomaly 
nrewnted  by  their  nomenclatur*'  is  to  be  sought  for  in  the  history  of  the  views  that 
have  been  held  at  various  times  regarding  their  constitution. 

The  nomenclature  of  mixed  salts,  that  is,  of  salts  containing  more  than  one  metal  or 
m(»ro  than  one  radicle,  is  a little  more  complicated  than  that  of  such  as  precede,  but  it 
w ill  easily  understood  from  a few  examples  : c.  g. — 

KHSO*  = Hydro-potassic  sulphate  or  Sulphate  of  hydrogen  and 

potassium. 

KA1(S0*)*  5s  Alumino-potassic  sulphate,  or  Sulphatoof  alu  minium 

and  potassium.  (In  the  name  of  this  salt  it  is  not  niH'dfnl 
to  si>ccify  that  it  contains  twice  tho  group  SO\  this  being  alreuily 
impliM  when  it  is  stated  that  each  molecule  contains  an  atom 
of  |x)tassium  and  an  atom  of  aluminium,  the  sum  of  whose  atomi- 
cities is  four  twice  the  atomicity  of  the  group  SO*.  A similar 
remark  uppH(«  in  u great  many  other  cases.) 

A1*(S0*)0*  = Aluminic  sulphato-dioxidc.** 

Fe*(S0‘)*0  « Ferric  disulphato-oxide.* 

PbIl(N0*)0  =s  Hydro-plumbic  nitrato-oxid©,*  or  Plumbic 

hydrato-nitrate. 

BiH*(X0*)0’  *a  Dihydro-bismuthic  nitrato-dioxide.* 

Ba(C’n*0*)(N0*)  =»  Barytic  acotato-nitrate  or  nitrato-acetatc. 
Pb(C‘*H*0’)Cl  “ Plumbic  acetato-chlorido.  * 

The  systematic  names  of  the  hvdrogen-salts  are  of  course  similar  to  those  of  the 
corresponding  salts  of  other  metals ; tliese  nam«  s,  howf?ver.  are  not  very  commonly 
used  : it  is  more  usual  to  speak  of  the  hydrogen-salts  as  acids.  Thus,  for  example, 
UNO*  is  more  frequently  i^led  nitric  acid  than  hydric  nitrate,  H*SO*  more 
fnquently  sulphuric  acid  than  hydric  sulphate,  &c.  With  rega^  to  the 
nomenclature  of  the  acids,  the  following  rules  are  observed : if  the  systematic  name  of 
u hydrogen-salt  is  hydric  — ate,  its  common  name  is  — ieacid ; and  if  its  systematic 
name  is  hydric  — ite,  its  common  name  is  —ous  acid  : examples — 

SjrattTnatlc  D imef.  Common  tiAmet. 

Hydric  hypochlorite.  Hypocliloroua  acid- 

Hydric  chlorite.  ('hlorous  acid. 

Hydric  chlorate.  Chloric  acid. 

Hydric  perchlorate.  l^crehloric  acid. 

Similarly,  mixed  salts  of  hyilrogen  and  any  other  metal  are  fnquently  called  acid 
c.  hj'dro-potassic  sulphate,  K1IS(.)*,  is  often  called  acid  Niilphateof 
potassium  ; and  dihydro-pot  as  sic  phosphate,  KII-PO*,  is  often  calbnl  di  acid 
phosphate  of  potassium.  On  the  other  hand,  mixed  salts  forme<l  by  tlie  union  of 
the  type  oxide  with  the  ofunj'  simple  salt,  whether  containing  hydrogen  or  not, 
are  often  called  baxic  salts,  e.  g.,  plumbic  dioxi-dinitrate,  rb*(NO*)HF,  and 
plumbic  hydrato-nitrute  are  each  of  them  called  basic  nitrate  of  lead;  in  like 
manner,  f rric  oxi-disulphute,  Fe*0(S0*)*,  and  ferric  dioxi-sulphate,  Fo*O^SO‘) 
arc  called  basic  ferric  sulphates,  or  basic  sulphates  of  iron.  Such  names  as 
these  are  often  convenient  when  sp<‘aking  of  certain  well-known  compounds,  but  for 
scientific  purposes  they  are  lietter  avoided. 

When  a metal  forms  two  series  of  oxj'gen-salts  of  the  same  generic  name,  tho  salts 
of  the  two  serie.s  are  distinguished  in  the  same  manner  as  tho  viirious  oxides,  chlorid«'s, 
&c.,  of  the  metal.  Thus  wo  speak  of  mercurous  nitrate  and  mercurous  sul- 
phate, mercuric  nitrate  and  mercuric  sulphate;  ferrous  sulphate  or 

* Strinly  ipeakintr,  the  names  of  these  salts  would  be  equally  ^oo’ert  if  inverted  thus : alumimit 
di»xi.4*ilpiatf,Jfrric  oiudhmiphate,  hudro-piumbic  oxi-nitrate,  piumbic  ckloro-acrtate.ie.i  but  In- 
convenience might  arise  from  the  nut  oi  names  such  as  ihese,  irMsmuch  as  the  correspoading  terms  in 
the  case  orcertniii  organic  salts  wnutd  very  closely  resetnbie  the  names  of  (otally  distinct  compounds:  for 
inu.mce.  an  nii.ltrmoat-  or  diori-bmxontr  wmiUI  be  very  apt  to  bo  confounded  with  an  vxyhnviiHitr  or 
dioiyb.-nxoalf,  a chloro-ncettue  with  a chlorattiafe,  Ac.  Ac. 
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protosnlphate  of  iron  and  ferric  sulphate  or  sesquisnlphato  of  iron; 
&e.  &c. 

(hjppo-salts  being  in  reality  merely  a particular  class  of  oxides,  there  are  of  course 
porresponding  chlorides,  nitrides,  &c.,  of  the  same  radicles.  The  nomenclature  of  these 
oompoands  has  never  hitherto  assumed  a very  6xed  or  systematic  form,  radicles  sup- 
posed to  be  contained  in  the  various  classes  of  salts  having  been  nam^  one  by  one, 
Mvording  to  no  general  system,  by  the  investigators  of  the  compounds  of  each.  Thus 
the  radicle  PO  supposed  to  be  contained  in  the  phosphates  is  called  phosphoryl ; but 
the  radicl»*s  of  the  phosphites  and  hypophosphiles  have  no  recognised  names;  tho 
radicle  SO*  of  the  sulphates  is  called  aulphuryl ; and  the  radicle  SO  of  the  sulphites 
» called  thiiynpt;  again,  the  radicle  NO’  of  the  nitrates  is  called  nitryl,  and  the  radicle 
NO  fmonatomic)  of  the  nitrites  is  called  nitroa^l  or  azotyl.  P'rom  these  examples  it 
rill  be  seen  that  tln-re  is  no  certain  rule  by  which  the  name  of  a class  of  salts  being 
given,  tliat  of  the  radicle,  supf^osed  upon  the  theory  of  types  to  be  eoDtaiued  in  them, 
an  be  deduced  In  these  circumstances  we  may  venture  to  suggest  the  following 
rule  as  applicable  to  such  cuvses  : to  form  the  name  of  the  rddicle  (;f  any  class  of  salts, 
tvhiiityU  th€  termination  -vl  for  the  final  e in  the  generic  name  of  the  aalU  in  question. 
According  to  this  rule  we  should  have  such  names  as  tho  following : 


y»iDe»  of  S^Ut.  Karnes 

Phosphates. 

Phosphites. 

Sulphates. 

Sulphites. 

Nitrates. 

Nitrites. 

When  the  termination  ~ic  is  added  to  tho  n 
of  a compound  containing  ir,  the  syllable  yl 


Radicle*  required  hjr  typical  furmulw. 
Phosphatyl, 

P h 0 8 p b i t y 1. 

Sulphatyl. 

SulphityL 

Nitratyl. 

Nitrityl. 

10  of  a radicle  in  order  to  form  the  name 
ay  goDomlly  be  elided  : thus — 


POCl*  « Phosphatic  chloride  or  Chloride  of  phosphatyl. 

S0*Q*  a Sulpbatic  chlorido  or  Chloride  of  sulphatyl. 

SOCP  = Sulphitic  chloride  or  Chloride  ofsulphityl. 

Hydro-sulphatic  oxichloride  or  Sulphatic  chloro-hydrato. 


The  nomenclature  of  the  compounds  formed  when  oxygenated  ntdicles  replace  hy- 
drogen in  the  type  H’N  or  its  multiples,  or  in  tho  mixed  type  regard  to 

which  special  rules  are  followed  to  some  extent,  will  bo  found  fully  set  fortli  in  tho 
articles  Ajuc  Aems  (i.  1C5)  and  A^iidbs  (i.  169). 

Compounds  containing  two  or  more  atoms  of  the  same  polyatomic  radicle  in  one 
BK>Iwulo,  and  resulting  from  the  combination  of  two  or  more  molecules  of  the  simpb'r 
compounds  of  the  radicles,  as  explained  in  the  article  Classification  (i.  1020 — 1022), 
niay  be  distinguished  by  prefixing  to  the  names  of  tho  simplest  corresponding  com- 
pounds the  syllables  di-,  frt-,  &c. : for  example — 

K*S"0*  =»  Potassic  disulphate. 

K’Cr’O*  Potassic  dichromate. 


cs  Tetrasodic  diphosphate  (Pyrophosphate  of  sodium). 

Na*P*0*  = Disodic  diphosphate  (Insoluble  metaphosphate). 

NVP*0*  a Trisodic triphosphate (FleitraannandHennebcrg’smotaphospbato.) 
The  (K>-caI]ed  sulphur^salts  which  rt^present  oxygen-salts  wherein  tlio  oxygen  is  re- 
placed to  a greater  or  less  extent  by  sulphur,  may  be  namo<l  in  precisely  the  same  way 
^tbtf  corresponding  oxygen-salts  by  pirefixing  su  Ipho-  to  the  names  of  the  latter,  and 
•Iso,  when  needful,  a numerical  prefix  to  indicate  the  extent  to  which  the  replacement 
proceeded. 


Nomexclaturk  of  Oeoaxic  Bodies. 

lo  organic  chemistry  we  have  to  do  with  many  hundreds  of  substances  formod  of  tho 
Mine  three  or  four  elements.  It  would  therefore  be  an  utterly  hopeless  task  to  try  to 
friime  for  each  substance  a name  like  those  of  inorganic  compounds,  which,  if  they  do 
directly  express  tho  composition  of  the  Ixidics  to  whiclr  they  aro  applied,  have  at 
l«wt  a definite  relation  thereto.  A classifiaition  of  organic  bodies  with  reference  to 
*hrir  composition  alone,  would  be  far  from  affui*ding  an  adequate  expression  of  their 
nature  atw]  mutual  relations  : hence  a system.’itic  nomenclature  for  them  can  bo  founded 
only  on  a classification  which  takes  cognisance  of  other  characters  in  addition  to  mere 
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composition.  Such  a classification  must  be  founded,  first  of  all,  upon  the  fact  that 
almost  all  welUinvofltigatedoi^nic  compounds  are  found  to  admit  of  being  armogod  in 
groups,  which,  although  they  may  differ  greatly  in  many  important  respects,  ex- 
hibit a certain  correspondence  in  the  relations  which  their  several  members  bear  to 
each  other.  These  groups  again  admit  of  division  and  subdivision  into  smaller  and 
smaller  groups,  the  individual  members  of  which  are  more  and  more  closely  related  to 
each  other,  until  we  come  to  substances  which  are  as  intimately  connected  t<^eiher  l>y 
composition  and  properties  as  the  different  salts  containing  the  aame  metal  or  the  same 
oxygen-rjulicle. 

Thus,  the  great  majority  of  organic  compounds  (we  are  of  course  speaking  only  of 
those  which  have  been  sufficiently  investigated  to  allow  of  a definite  position  being 
assigned  to  them)  belong  to  one  or  other  of  the  two  great  series — the  Fatly  Series,  and 
the  Aromatic  Series.  Rich  of  these  series  again  consists  of  a numljer  of  groups, 
each  of  which  reflects  more  or  less  completely  the  cliaracter  of  all  the  rt-sf.  Ana  each 
group  in  its  turn  consista  of  a number  of  alcohols  and  acids,  around  which,  as  central 
compounds,  we  have  to  clas«iry  hydrocarbons,  ethers,  salts,  amides,  alkaloids,  and 
numerous  other  derivatives. 

Taking  the  alcohols  as  representing  also  the  corresponding  ethers  and  amines  and 
their  other  immediate  derivatives,  and  the  hydrc^en-salts  or  acids  to  stand  for  all  other 
salts  of  the  same  name  with  their  derivatives,  the  leading  terms  of  the  several  groups 
belonging  to  each  homologous  series  may  be  arranged  as  in  the  following  table  ; where, 
for  the  sake  of  clearness,  the  formulje  of  compounds  belonging  to  a pirticular  group, 
the  tritylic,  are  given  (instead  of  general  formuls  applicable  to  any  group  whatever), 
but  in  order  to  fill  up  the  scheme,  such  terms  as  are  not  known  in  this  group  are  re- 
presented by  examples  borrowed  from  other  analogous  groups.* 


Axcouoi.s. 

Acids. 

Monobasic. 

Mon-  *1 
atomic.  J 

C’H'O 

Tritylic  alcohol. 

C-H-0* 

Propionic  acid. 

C’H'O' 
Pyruvic  add. 

CH’O' 

(C'H^*  as  mvilitic  acid). 

Di-  -1 
atomic./ 

CTI*0« 

Tritylic  glycoL 

Lactic  add. 

r>i basic. 

C’H'O' 
Malonic  acid. 

C’H’O* 

Mcsoxulic  add. 

Tri-  ) 
atomic.  ) 

U«H»0» 

Glycerin. 

C*H*0* 
Glyceric  add. 

C’H'O* 
Tartronic  acid. 

Trihasic. 

C’H-0* 

( C’H’O*  = aconilic  add. 

Tetr-  T 
atomic,  j 

C*H’0' 

(C'H"0*»cr7- 

thromannitc). 

C»H‘0* 

(C’H'O* -gallic 
acid). 

C'H'O* 
(C‘H'0*- tar- 
taric acid). 

C’H’O’ 

(C'H’O’ •■dtric  add). 

A table  similar  to  the  altove  has  already  been  given  in  the  article  Acids  (L  63),  in 
which  place  further  details  will  also  be  found  respecting  the  cuicpounds  represented 
by  the  special  examples  here  given. 

The  homologous  series  to  which  each  such  group  belongs  is  determined- by  the  ratio 
of  carbon  to  hydrc^cn  in  its  individual  terms,  and  its  position  in  that  series  by  the 
number  of  atoms  of  carl)on  which  they  contain  ; while  the  position  in  the  group  of 
the  several  terms  themselves  is  determined  by  their  entire  composition  and  general 
chemical  functions. 

Any  particular  compound  is  accordingly  completely  characterised  when  we  know  to 

* So  far  M the  writer  It  aware,  thta  mode  of  clAMifrlnir  orfranlc  aubttancei  wju  first  pubihhod  In  a 
on  the  Nomenclature  of  Organic  Cumpoundi  which  he  read  before  the  Chemical  Bevtluo  of  the 
■h  ArtociMtion,  at  lU  meeting  tn  Dublin.  .^rptrml>er  1K.S7  (tee  Bril.  Aaanc.  Rep.,  IS67,  Noticet  and 
Abatrarts.  p.  4^);  but  beforeihe  ap|M*arance  of  the  paper  referred  lo  to  the  printed  form,  a litndar  ajrMem 
ofclaatificailon  WM  luggeatcd  b/ Kekule  (Aud.  Ch.  Pbarm.  cvi.  IM.  May,  iSM). 


Digitized  by  Google 


NOMENCLATURE. 


129 


vhat  group  it  belongs  and  what  is  its  place  in  that  group.  This  then  is  the  iufbr- 
matioD  which  it  is  required  that  the  names  of  a really  systematic  and  rational  nomen- 
cUtuiT  should  give  us,  concerning  the  substances  to  which  they  are  applied : and  it 
would  8wm  by  no  mt*ans  impossible  to  form  names  which  should  completely  satisfy 
these  requirements,  by  making  the  root  of  each  name  denote  the  group,  and  the  trr~ 
mnaium  or  a second  word  denote  the  function.  Such  a nomenclature  would  correspond 
precisely  with  the  typical  system  of  rational  formulte  ; for,  as  has  boon  shown  in  other 
articles  (Classification,  i.  1022 ; Formula-:,  ii.  700),  these  formulte  express  by  means  of 
radicles  the  group  or  genetic  relations  of  the  substances  they  represent,  and  by  means 
of  types  their  chemicad  functions.  Or,  again,  such  a nomenclature  would  correspond 
with  the  binomial  nomenclature  of  the  natural-history  sciences,  according  to  which 
each  animal  or  plant  is  distinguished  by  means  of  two  Latin  words,  one  indicating  its 
ynuM,  the  other  its  specits.  An  attempt  at  a systematic  nomenclatiiro  for  oiganic 
compounds  based  on  these  principles  is  contained  in  the  paper  n-ferred  to  in  the  last 
footrDoU* ; which,  though  not  sufficiently  successful  to  make  it  worth  while  to  reproduce 
it  here,  we  allude  to,  because  we  are  convinced  that  it  is  in  this  direction,  if  at  all, 
that  a rational  nomenclature  is  to  l>o  reached. 

The  existing  nomenclature  of  organic  chemistry  fulfils  to  a considerable  extent^  in  a 
more  or  less  satisfiu^toiy  manner,  the  requirements  of  a rational  uomenehitiire  as  these 
are  indicated  above  ; it  however  still  retains  a good  man^  habits  of  naming,  as  well  as 
indiridoal  names,  inherited  from  the  early  days  of  the  science,  when  it  was  impossible 
to  foresee  either  the  direction  or  the  extent  of  its  subsequent  development,  and  hence 
po«*-s8es  many  terms  formed  without  much  reference  to  anything  but  the  fancy  of  in- 
dividual chemists  and  their  taste  in  the  choice  of  euphonious  woras.  But  the  greatest 
defectsof  this  nomenclature  arise  from  the  want  of  unanimity  among  chemical  discoverers 
andsystematisers  as  to  the  manner  in  which  the  principles,  recognised  more  or  less 
distinctly  by  all,  should  be  carried  out.  And  this  want  of  unanimity,  we  cannot  help 
thinking,  is  mainly  due,  not  to  the  intrinsic  difficulty  of  the  subject,  so  much  as  to  the 
too  partial  manner  in  which  it  is  generally  considered — reforms  being  often  attempted 
b particular  departments,  without  suflUcient  thought  being  given  to  the  effect  which 
they  would  have  if  consistently  extended  to  the  nomenclature  of  other  parts  of  the 
science. 

In  describing  the  nomenclature  of  organic  chemistry,  as  it  at  present  exists,  we  shall 
consider  first  toe  methods  employed  to  designate  the  several  groups,  and  then  the 
inodes  of  indicating  the  varioos  chemical  J'unctions. 

yomene/ature  of  Groups. — By  reference  to  the  example  of  a chemical  group 
already  given  on  page  128,  it  will  be  sotm  that  the  names  of  its  leading  terms  exhibit 
very  little  relation  to  one  another:  we  have  tritylic  alcohol  and  tritylic  glycol, 
glycerin  and  glyceric  acid,  malonic  acid  and  tartronic  acid,  but  all  the  other  names 
night  bare  been  selected  completely  at  random.  And  on  examining  the  nomenclature 
of  any  other  group,  the  state  of  things  would  be  found  very  much  the  same.  The  fact 
is,  that  throughout  every  department  of  organic  chemistry  the  general  course  of  dis- 
covery has  been  such  that  substances  became  known  and  rt'quircd  to  be  named  one  by 
ot»e,  long  before  the  relations  of  each  to  the  rest  could  bo  ascertained.  Hence,  very 
closely  relaU*d  substances  often  l>ear  names  which  exhibit  no  trace  whatever  of  their 
connexion : as  alcohol,  ether,  and  acetic  acid ; propionic  acid,  hictic  acid,  and  glycerin ; 
roccinic  acid,  malic  acid,  and  tartaric  acid.  Such  names  as  these  it  would  very 
difficult  to  get  rill  of,  and  when  they  are  (as  in  these  examples)  convenient  in  them- 
wlves  and  universally  atlopted,  there  is  no  reiison  for  wishing  to  do  so.  In  fact,  it  often 
h^pcDs  that  such  names  are  practically  better  than  those  which  at  first  sight  appear 
more  systematic.  For  instance,  nothing  could  seem  more  natural  than  to  call  the  acid 
C^*0*  resulting  from  the  oxidation  of  glycerin,  C*H*0^,  glyecric  acid,  a name  which 
at  once  recalls  its  connexion  with  the  substanci*  from  which  it  b derived.  But 
according  to  the  established  usage  of  organic  chemistry,  the  radicle  of  thb  acid,  C*H*0, 

C*H*0 } 

corresponding  to  its  typical  formula  > O’,  would  be  called  glyceryl,  a name  which 

already  belongs  to  C’H*.  the  radicle  of  glycerin.  We  might  thus  have  the  two  com- 
poQuds  C’H’Cl*  and  C’H’OCl*  both  of  them  denoted  by  the  name,  chloride  of  glyceryl, 
or  glycciylic  chloride,  a confusion  which  could  not  have  arisen  had  there  been  less 
simiUrily  in  the  names  of  the  primary  compounds.  Indeed  it  is  by  no  means  de- 
sirable to  introduce  much  more  regularity  than  at  present  exists  into  too  nomenclature 
of  the  principal  members  of  each  group,  unless  some  effectual  system  of  differentiating 
each  member  and  its  derivatives,  equivalent  to  what  was  attempted  in  the  paper  already 
wferred  to,  is  adopted  at  the  same  time. 

Of  late  years  methods  of  naming,  possessinga  certain  degree  of  gonerality,  have  come 
into  partial  use,  for  some  corresponding  terms  of  different  groups.  Thus,  the  monatomic 
^hols  and  one  or  two  of  their  most  immediate  derivatives,  in  moat  of  the  groups  of 
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tho  first  homolo^Qfl  series,  hAvo  nnines  whose  root  is  formed  by  a Greek  numeral : 
as  tritylic,  tetryUc,  hcxylic,  heptylic,  &c.  alcohols ; tritylene,  tctrylene,  hexylene, 
hcptylene,  &c.  Another  expedient  which  has  been  a good  deal  employed  to  indicate 
the  existence  of  a genetic  connexion  between  different  bodies,  but  without  defining  its 
nature,  consists  in  making  the  name  of  one  body  out  of  an  anagram  of  that  of  another : 
as  meoonic  and  comenic,  aconitic  and  itaconic,  narcotinc  and  cotamine,  lep(idine)  and 
pel(amineX  pelarg(onic)  and  lepa^ylic),  salylic  and  losylic,  &c. 

The  system  so  much  followed  in  tho  nomenclature  of  other  sciences,  of  giring  name's 
in  honour  of  discoverers  or  other  eminent  men,  has  not  been  much  employed  in 
chemistiy,  and  we  do  not  think  that  this  forms  any  ground  for  regret.  Among  organic 
compounds,  dumatin  is  almost  the  only  one  which  bears  a name  of  this  kind : maclurin^ 
which  has  the  appearance  of  being  another  name  of  the  same  class,  is  one  for  which  no 
chemist  is  responsible  so  much  as  the  botanist  who  called  fustic  Maclura  tinctori/i. 
Such  names  again  as  ftcrapaihiU  and  weltzUnite  have  generally  originated,  not  with 
chemists,  but  with  drstallographcrs,  who  hare  gireu  them  in  occoidanco  with  their 
minerulogicul  habitudes. 

One  rule  which  chemists  would  do  well  to  attend  to  in  their  choice  of  names,  is  to 
avoid  such  as  suggest  a connexion  that  does  not  exist : such  as  metamorpbino, 
pseudomorphine,  hypogwic  acid,  tho  last  of  which  (from  Arachis  hype^aa)  seems  to 
imply  tho  existence  of  a more  highly  oxygenated  **  gaeic  *'  acid. 

Nomenclature  of  Functions. — The  chemical  functions  of  organic  substances  are 
generally  denoted  either  by  using  in  a generalised  sense  the  proper  names  of  the  sab- 
stances  m which  tho  several  functions  were  first  distinctly  recognised,  as  moth y lie 
alcohol,  butyric  aldehyde,  valeric  acetone,  amylic  glycol,  &c. ; or  by 
systematic  names  formed  on  tho  analogy  of  tho  nomenclature  of  mineral  chemistry,  as 
niethylic  hydrate  or  hydrate  of  methyl,  methylic  chloride  or  chloride 
of  methyl  methylic  acetate  or  acetate  of  methyl,  &c. ; or  lastly,  by  means 
of  terminations,  as  methol  for  methylic  alcohol,  butyral  for  butyric  aldehyde, 
ralerone  for  valeric  acetone,  oxalurethane  for  oxalic  urethane,  lactaraethane 
for  lactic  un'thane  or  carbamethane,  ethylene,  amylene,  &c. : this  last  method 
may  for  the  most  part  be  regarded  as  a contracted  form  of  the  first. 

We  will  briefly  discuss  the  names  in  actual  use  for  compounds  representing  the  leading 
terms  of  a cbcmictU  group  as  above  defined,  and  for  their  principal  derivatives,  endea- 
Touring  to  point  out  those  which  it  is  most  advisable  to  employ. 

Alcohols.  1.  Monatomic. — These  arc  cither  named  alcohols  or  hydrates,  with 
anotlier  word  added  to  distinguish  the  group  to  which  they  belong,  this  word  in  almost 
all  cases  ending  in  as  methylic  alcohol,  methylic  hydrate,  or  hydrate  of  methyl ; 
l)on£ylic  alcohol,  benzylic  hydrate,  or  hydrate  of  benzyl.  Tho  termination  -o/,  to  in- 
dicate the  alcoholic  function,  is  more  employed  by  French  than  by  English  chemists. 
The  nomenclature  of  derivatives  of  the  alcohols  will  be  most  clearly  and  concisely 
explained  by  special  examples,  thus: 

Function.  Formula.  Kamc$. 

Alcohol  . , = Ethylic  bydnite,  &c.  (as  above). 

Radicle  . . Cm*  («  alcohol  - HO)  ==  Ethyl 

Hydrocarbou  . ( «=*  alcohol  — ITO)  = Ethylene. 

Ether  . C*II**0  e=  Ethylic  other,  or  othylic  oxide. 

Compound  ethers  C H*C1  *=  Ethylic  chloride,  or  chloride  of  ethyl. 

CHI*(C’n*0*)  = Ethylic  acetate,  or  acetate  of  ethyl. 

(C’H*)HSO*  = Ilydro-ethylic  sulphate,  or  sulphate  of  ethyl 
and  hydrogen ; also  called  ethyl-sulphuric 
acid,  or  sulphethylic  acid. 

(CTI*)*SO*  = Ethylic  sulpmite,  or  sulphate  of  ethyl 
Alkaloids  . . (C*H*)H*N  = Ethylamine,  or  dihydro-ethylic  nitride, 

(C*IP)*HN  » Dieiliylnmine,  or  hydro-diethylic  nitride. 

(C*n*)*N  ■=  Triethylaminc,  or  triethylic  nitride. 

(CHH)*P  ^ Triotbylphosphine,  or  triethylic  phosphide. 

Metallic  derivatives.  C^IPZnl  = Zinc  ethylo-iodide,  or  ethylo-iodide  of  zinc. 

(C*H*)*Zn  = Zinc  cthylide,  ethylide  of  zinc,  or  zinc-ethyL 

(C*H*)*Hg  s»  Mercuric  ethylide,  ethylide  of  mercury,  or 
mercury-ethyl 

(Such  names  as  hydrochloric  ether,  acetic  ether,  &c.,  are  not  given  above,  becauso 
though  used  for  the  ethers  of  this  group,  they  have  no  analogues  in  other  cases.) 

Of  the  various  names  above  given  for  single  compounds,  we  believe  that  those  which 
stand  first  in  order — that  is,  names  of  the  form  rthi/ltc  hf/dratf,  rthplic  oxidr^  ethylic 
acetate.  See.,  in  general  deserve  tho  preference.  Names  formed  by  the  generalisation  of 
special  names  arc  convenient  enough  sometimes,  but  this  method  of  nomenclaturo  is 
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not  veil  adapted  for  application  in  hU  caaca,  tbo  names  which  it  leads  to  being  often 
rlomiij  in  themsolrcfl  and  giving  rise  to  still  clumsier  derivntives  and  compound  names. 
On  the  other  hand,  such  names  as  hydrate  of  eikt/l^  oxide  of  ethy!^  chloride  of  ethyl,  &c., 
seem  to  belong  too  exclusively  to  one  view  of  the  constitution  of  the  bodies  they 
denote ; whereas  names  such  as  those  to  which  we  have  given  the  preference  (etbylic 
hjdrate»  &c.),  while  quite  in  accordance  with  this  view,  may  still  be  used  indo* 
prodently  of  it  They  would  remain  equally  applicable  and  would  be  equally  intelli> 
gible,  though  chemists  should  cease  to  recognise  the  existence  of  ethyl  or  similar 
ndides  as  proximate  constitnents  of  the  alcohols,  for  they  do  not  of  necessity  imply 
anything  more  than  that  the  eomponuds  C*H*0,  C’H^Cl,  &c.,  belong  to  tho 

cthylic  group,  and  that  they  bear  to  each  other  the  same  mutnal  relations  that  tho 
compounds  KHO,  K*0,  KCl,  &c.,  do  in  the  potassic  group. 

In  the  nomenclature  of  the  so>called  acid  ethers,  such  as  (C*H‘)HSO\  &c.,  it  would 
be  well  to  let  the  name  of  the  alcoholic  constituent  always  precede  that  of  tlie  acid, — 
that  is,  to  say  ethyl-sulphuric  acid,  ethyl-sulphate,  &c.,  and  not  sulpbethylic  acid, 
snlphethvlate,  &c.  For  not  only  is  the  sidinc  character  of  such  compounds  not  duo  to 
the  alcohol  portion  of  their  constituents,  as  seems  to  be  implied  if  this  is  named  last 
and  so  receives  the  saline  termination,  but  confusion  may  actually  arise  from  tho  use  of 
$tdphi>‘  as  a prefix  in  this  sense  and  also  to  denote  rcpUccmcut  of  oxygen  by  sulphur 
(in  such  names  as  sulphocarbonate,  for  instance). 

Compounds  belonging  to  more  than  one  alcoholic  group  are  easily  named  in  accor- 
dance with  the  examples  given  above,  by  following  the  analogy  of  tho  nomenclature 
of  the  mixed  compounds  of  mineral  chemistry.  For  instance : 


(CH*XC*n*)f^  **  Methyl-ethylic  oxide. 

(C’H*)(C*H*‘)SO*  « Ethyl-amylic  sulphate. 

(CH*)(C*H*)(C*H")N  *s  Methyl-ethjl-amylamine. 

Similarly  K(C*H‘)0  is  Potassio-ethylic  oxide. 

Bat  just  as  the  name  potassio-hydric  oxide  may  be  abbreviat»>d  into  pot.-issic  hydrate, 
*0  the  names  of  many  corresponding  organic  compounds  may  bo  abbreviated : ns 
m«‘thyl-et  hylic  oxido  into  met  hylic  ethylate,  potossio-etbylic  oxide  into  potassic 
ethylate,  &c. 

2.  Diatrrmic  alcohole. — The  first  discovered  of  these  compounds,  C*H*0%  was  called 
“glycol,”  from  the  first,  syllable  of  glycerin  and  (he  last  of  alcohol,  to  recall  the  fact  of 
iU  being  chemically  intermediate  between  these  two  bodies,  and  this  name  has  since 
been  employed  as  a general  term  for  all  compounds  of  this  class.  A more  systematic 
name  than  glycol  would  have  been  ethylenic  hydrate,  or  hydrate  of  ethylene, 
and  names  of  this  form  are  the  most  suitable  for  general  application  : as  tritylenic 
hydrate,  or  hydrate  of  tritylene,  amylonic  hydrate  or  hydrate  of 
a m y 1 e D e. 

Those  derivntives  of  tho  diatomic  alcohols  which  correspond  to  derivatives  of  tho 
monatomic  alcohols,  are  named  in  the  same  way  as  tho  latter,  the  only  dififerenco  being 
that  the  adjectival  portion  of  the  name  ends  in  •yUnic  instead  of  in  -ylic,  or  when  tho 
adjective  is  replae^  by  a sabstontivo  preceded  by  of  this  sobstantive  ends  in  ‘ylcne 
instead  of  in  -yl : us 


C*H‘0 

c*H‘a* 


Kthylcnic  oxide,  or  oxide  of  ethylene. 
Ethylenic  chloride,  or  chloride  of  ethylene, 
Ethylenic  acetate,  or  acetate  of  ethylene. 
Ethylenediamine. 

Diethylenediuminc. 


Derivatives  which  have  no  precise  analogues  among  those  of  the  monatomic  alcohols 
arc  easily  named  upon  the  an^ogy  of  corresponding  mineral  compounds : as — 

= Diothvlcnic  dioxide. 

B Dihydro-diethylenic  oxide  (also  called  diethylenw  aleokol'). 

=»  Ethylenic  hydrato-chlorido  (monochlorhydrin  of  glycol). 

B Ethylenic  hydrato-acctate  (monacetin  of  glycol). 

B Ethylenic  acctato-chlorido  (acctochlorhydrin  of  glycol). 

The  names  enclosed  in  parentheses  (monochlorhydrin  of  glycol,  &c.)  aro  borrowed 
from  the  nomenclature  of  the  derivatives  of  glycerin ; this  system  applied  to  other 
diatomic  alcohols,  gives  rise  to  names  even  more  cumbrous  than  these : as,  monochlor- 
bydrin  of  tritylic  glycol. 

3.  Triatomic  ScohoU. — The  only  triatomic  alcohol  known  with  any  certainty  is 

X 2 


(C*H‘)*0* 

(C*H‘)*H*0* 

HOf 
C*H«  > 
(C>H»0)H  S 


0* 
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glycorin,  the  nomoncLature  of  whose  dorivativos  follows  fur  the  most  part  special  rules. 
The  compound  ethers  of  glycerin  are  denoted  by  names  formed  from  those  of  the  acids 
by  means  of  the  termination  •in  and  a numeric^  prefix  when  needful : as — 
Monostearin.  Chlorhydrin. 

Distearin.  Di  chlorhydrin. 

Tri. stearin . Benzochlorhydri  n. 

Tributyrin.  Aceto-dichlorhydrin. 

Glycerin  yields  also  another  set  of  derivatires,  bearing  the  same  relation  to  these 
normal  compounds  that  the  monobasic  metapbosphates  do  to  the  ordinary  phosphates; 
that  is  to  say,  each  of  them  differs  by  the  clemouts  of  a molecule  of  water  from  a normal 
glycerin-compound.  The  nomenclature  of  these  is  as  follows — 

C*H-0*  ^ - H*0  = Glycide. 

C*H*OCl  e*  C*H^O*Cl  — 11*0  s=  Chlorbydroglydde  (epichlorhydrin). 

C*H*(C*H')0*  - C*H’(C*ID)0»  - H'O  = Ethylglycide. 

It  will  be  seen  that  the  nomenclature  of  glycerin  and  its  deriratives  is  not  such  us 
to  admit  of  very  ready  extension  to  other  similar  comp>ound8 ; names  for  tliese  might, 
however,  bo  easily  formed  by  following  the  an;ilogy  of  the  nomenclature  for  inorganic 
salts  already  expLained. 

The  derivatives  of  other  polyatomic  alcohols  that  have  been  hitherto  studied,  belong 
almost  exclusively  to  the  class  of  compound  ethers.  They  ore  named  by  combining 
with  the  name  of  the  alcohol  that  of  tho  generating  acid:  as  stearo-glucose, 
hutyro-glucosc;  diaccto-mannitan,  tetrabuty  ro-mannitan,  chlor- 
hydro-mannitan. 

Eor  further  illustrations  of  the  nomenclature  of  the  alcohols  and  their  derivatives,  see 
the  articles  Alcohols  (i  97)  and  Ethers  (ii.  608). 

Acids. — The  nomenclature  of  all  such  derivatives  of  the  organic  acids  as  have 
analogues  among  the  derivatives  of  mineral  acids,  is  precisely  similar  to  the  nomen- 
clature of  the  latter ; wo  may  therefore  consider  it  as  Laving  been  already  sufficiently 
discussed. 

It  may  however  bo  pointed  out  that,  inasmuch  as  tlie  name  of  each  class  of  organic 
salts  is  in  general  independent  of  that  of  every  other  class,  tho  corresponding  oxygen- 
ated radicles  can  bo  denoted  by  shorter  names  than  those  which,  as  wo  have  poinU*d 
out,  are  often  necessary  for  tho  inoi^nic  radicles.  Thus  to  get  the  name  of  the  radicle  of 
an  organic  salt,  wo  change  the  termination  -fffc  (-ifc  does  not  occur  unless  quite  ex- 
ceptionally, as  salicylite  of  methyl)  into  instep  of  retaining  the  -ai  of  the  name  of 
tho  salt : for  instance  benzoyl,  instead  of  benzoatyl,  acetyl,*  instead  of  acctatyl,  &c. 

It  is  still  needful  to  say  a few  words  upon  tho  nomenefatnre  of  the  so-called  sub- 
stitution-derivatives and  conjugated  derivatives  of  the  oi^nic  acids,  and  what  is  here 
said  may  be  taken  as  also  for  the  most  part  applicable  to  the  corresponding  derivatives 
of  the  alcohols. 

ComMunds  formed  by  the  substitution  of  chlorine,  bromine,  &c.,  for  hydrogen  are 
denoted  by  prefixing  cA/oro-,  dichlw^-,  brovio-y  dihromo-t  &c.,  to  the  names  of  the 
corresponding  normal  compounds ; and  bodies  in  which  the  groups  NO*,  NH*,  &c., 
replace  hydrogen  are  similarly  named  by  means  of  the  prefixes  ntfro-,  amido^,  dec.:  as, 

Cliloracotic  acid.  Nitrobonzoic  acid. 

Dibromosqccinic  acid.  Diamidobenzoic  acid. 

The  prefix  oxy~  is  commonly  used  in  a somewhat  different  sense,  namely  to  express 
the  addition  of  oxygen,  not  tho  replacement  of  hydrogen  thereby:  as 

C*II*0*  = Benzoic  acid.  CTH*0*  = Salicylic  acid. 

C’H*0*  a=  Oxybenzoic  acid.  C’H*0*  o*  Oxysalicylic  acid. 

C*n*0*  *=  Dioxysabcylic  acid. 

The  ^plication  of  this  prefix  may  however  be  considered  as  comparable  to  that  of 
the  others  above  mentionAl,  if,  with  Kolbe,  we  regard  the  addition  of  oxygen  in  theae 
cases  t6  be  effected  by  the  replacement  of  H by  HO. 

Sometimes,  instead  of  the  prefix  amido-,  the  termination  -amic  is  employed,  as 
benzamic  acid,  instead  of  amidobcnzoic  acid  ; such  names  are,  however,  incorrect : for 
monobasic  acids  such  as  benzoic,  do  not  form  true  amic  acids,  and  the  compounds  re- 
ferred to  do  not,  even  in  respect  to  empirical  composition,  bear  the  same  relation  to  tho 

* The  ntune  acrhft  wai  first  given  to  the  group  C^H^O  by  DirniM  ^TVarV^  dt*  Chim.  uppL  atu  arU, 
Tot.  vL  p.341,  IM3i.  whorepmented  aldehyde  by  the  formuta  C^H^U.  H.  calling  it  “ hydrure  d’acityle.” 
Wllliaroson,  who  firit  luggeiled  the  views  now  prevalent  respecting  the  conilitution  of  acetic  and  other 
similar  ncUii,  called  this  radicle  '*  othrl;*'  but  thU  name  has  been  generally  abandoned  for  the  term 
BceCrl  (again  applied  by  Gerhsrdt  as  it  had  been  by  Uumos\  on  account  of  Ibe  dliBcuUy  of  formiof 
analogous  names  (or  analogous  radicles. 
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nornuil  oomTOUDds  that  oxamic  acid,  for  instance,  does  to  oxalic  acid.  Strictly  speaking, 
the  so-called  amido-  acids,  or  amic  acids  of  monobasic  organic  acids,  arc  most  closely 
related  to  the  oxygenated  derivatires  of  the  bodies  with  which  they  are  commonly 
compared,  so  that  the  true  systematic  name  of  amidobenzoic  or  benzamic  acid  would 
be  o^h<n£amic  acid  (see  also  Ajuc  Acids,  L 167). 

The  prefix  sulpho^  is  also  often  applied  to  the  names  of  otganic  acids  in  a manner 
which  is  not  quite  correct : thus,  the  substance  called  sulphacetic  acid  is  not,  what  the 
name  would  best  express,  a body  derived  from  acetic  acid  by  the  substitution  of 
sulphur  for  oxygen,  but  a compound  produced  by  the  action  of  sulphuric  anhydride  on 
acetic  acid.  This  product  would  be  better  namtMl  acetosulphuric  acid  than  sulphacetic 
acid,  but  even  that  name  would  not  be  quite  correct,  inasmuch  as  the  substance  in 
queetioD  is  primarily  related  to  glycoUic  (oxyacetic)  acid  and  not  to  acotic  acid. 

Several  derivatives  of  the  types  and  jjjqI  containing  the  radicles  CO, 

carbonyl,  and  C^H^O,  glycoUyl,  have  received  special  names  in  addition  to  their 
systematic  names : for  instance,  carbamide,  S N*,  is  also  called  urea,  and  this  name 


is  often  applied  in  a generic  sense  to  all  compounds  derived  from  urea  by  partial  or 

CO  1 

complete  replacement  of  its  hydrogen  by  other  ^radicles,  as  J tihjl-urea, 

CO  1 

(C*HH))*H*  J ^ “ diacetjl-urea.  Similarly,  acids  formed  upon  the  type  of  hippuric  acid, 

C*H*0  ) N 

that  is,  by  the  replacement  of  hydrogen  in  glycollamic  acid  (glycocine),  ^ q,  are 


often  denoted  by  names  ending  in  •uric,  as  salic^duric  acid,  cuminuric  acid,  toluyluric 
acid.  Exceptional  names  are  also  used  to  some  extent  for  the  compound  ethers  cor- 
responding to  amic  acids:  thus  cthylic  carbamate  is  also  called  urethane  or  carba^ 
iiutkane,  etbylic  oxamate  is  also  c^ed  axarmthanc,  ethylic  lactamato  is  also  called 
lactaTMtkane,  &c. 

We  give  below  a list  of  other  terminations  to  which  particular  significations  are 
often  attached,  together  with  examples  illustrating  the  use  of  each. 


• aL  Abbreviation  of  aldehyde.  Ex.  BtUyral  = butyric  aldehyde;  vaUral  = val 

eric  aldehyde. 

-anil.  (fr.  aniline).  Phenyl imide.  Ex.  Malanil  = phenyl-malimide. 

• auilic  acid.  Phenyl- — amic  acid.  Ex.  Succinanilic  acid  = phenyl-succinamic 

acid. 

-anilide.  Phenyl amide.  Ex.  Acetanilide  — phenyl-acetamide. 

-ene.  A compound  containing  only  carbon  and  hydrogen.*  Ex.  Benzene,  naphthalene. 
-ide.  (1)A  compound  of  two  elements,  two  radicles,  or  of  an  element  and  a radicle. 
Ex.  idne-methide,  or  zinc-methylide ; methylic  ethide.  (2)  A termination  pro- 
by  Gerhurdt  {Syateme  unitaire,)  as  a general  mode  of  denoting  anhy- 
drides: it  is  still  in  partial  use  in  this  sense.  Ex.  Glycollide,  lactide,  mannide. 
(3)  A general  term  for  compound  ethers  of  polyatomic  alcohols.  Ex.  Glycerides, 
glucosides,  mannitanidts.  Seldom  used  to  denote  individual  substances. 

- in.  (1)  A neutral  compound  of  carbon,  hydrogen,  and  oxygen.  Ex.  Glycerin, 

SQXicin,meconin.  (2)  A compound  ether  of  glycerin.  Ex.  (Jhlorhydrin,palmitin. 
-ioe.  An  alkaloid.  Ex.  Morphine,  quinine.  Al^  iLsed  by  some  writers,  but  notin 
this  work,  in  the  same  sense  as  -ene,  or  -in  ; as  benzine  for  benzene,  glycerine  fur 
glycerin. 

- itan.  Employed  by  Berthelot  to  denote  the  first  product  obtained  by  dehydrating  a 

sogar  whose  name  ends  in  -ite.  Ex.  Mannilan,  diUcitan. 

- ite.  A saccharine  compound  containing  more  hydrogen  than  would  be  required  to 

convert  all  the  oxygen  into  water.  Ex.  Mannite,  diUcUe,  pinite. 

• oh  Abbreviation  of  alcohoL  Ex,  Phenol  = pheny  lie  alcohol;  » mcnthylic 

alcohol. 

-ole.  Sometimes  used  instead  of  -ene,  to  denote  hydrocarbons.  Ex.  Bcjizole  for  ben- 
zene, toluole  for  toluene.  Not  used  in  this  work. 

-one.  (1)  Abbreviation  of  acetone  or  ketone.  Ex.  Valerone  ^ valeric  ketone; 
benzone  a benzoic  ketone.  (2)  A termination  much  employed  without  definite 
meaning.  Ex.  Quinone,  indifuscone. 

-ose.  A'sacebarino  compound  containing  oxygen  and  hydrogen  in  the  proportion  re- 
quired to  convert  each  completely  into  water.  Ex.  Glucose,  saccharose,  lactose. 
-yL  A compound  radicle.  Ex.  Ethyl,  benzoyl,  benzyl, 

- jlcne.  A hydrocarbon  (diatomic  radicle)  containing  1 at.  hydrogen  less  than  the 

radicle  of  corresponding  name  ondinp  in  -yb  Ex.  Ethylene,  tritylene,  bcnzylcne. 
(This  termination  is  sometimes  used  m a manner  which  is  not  in  strict  accoidaoce 
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with  tlio  above  rule ; thus  tlic  hydrocarbons  of  the  series  C*H*"-*  are  call»*d  aaty 
Une^  allylcne,  crvUmylcne,  vaUrylaw^  among  which  names  uUyleue  is  the  only  one 
that  agrees  with  the  general  rule.  Some  general  system  of  naming  the  hydro* 
carbons  homologous  with  marsh*gas  is  a great  desideratum.) 

For  further  information  resj)coting  th<*  history  of  chemicjil  nomenclature  and  various 
attempts  that  have  beou  m>ide  from  time  to  time  to  render  it  more  systematic,  see,  in 
addition  to  the  references  already  given,  the  following : Kopp,  Gesohichte  der  Chemie, 
ii.  412  et  sfq.  Berzelius,  Lehrbuch  der  Chemie,  edit.  1831,  toL  iv.  (2nd  part)  pp. 
966,  957  ; also  (fora  much  fuller  treatment  of  the  subject)  edit.  1841,  vol.  x.  pp.  428- 
449.  Dumas,  Le^ns  sur  la  Philosophic  Cliimique,  pp.  321-358.  Boset,  Bereelius’s 
Jahn*sber.  xxiii.  23,  24.  Gmeliu,  Handbook  of  Chemistiy,  rii.  149-163.  Griffin, 
Chemical  Recreations,  7th  ed.  (1834),  pp.  234-274  ; also  (another  system)  Radicle 
Theory  in  Chemistry  (1858),  pp.  86-90.  Newlands,  Chemical  News,  iv.  281 
(30th  Nov.  1861).  Williamson,  Chem.  Soc.  J.  xvii.  (new  series,  ii.)  421.  The  fore- 
going relate  to  chemical  nomenclature  in  general ; the  following  more  particularly  to  the 
nomenclature  of  organic  compounds:  Laurent,  Chemical  Method,  pp.  356  tt  siq. 
Daubeny,  Rep.  Brit.  Associat.  1851  ; Tniusaetions  of  StK-tions,  p.  124.  Wcltzien, 
8ysteniatische  Zusaramenstellung  der  orgnnisch.  Verbindungeu  (1860),  pp.  xxv.- 
xxviii.  Berthelot,  Chimio  ormiuiquc  fondee  sur  la  synthase  (I860),  L 180-186. 
Kulbe,  Lehrbuch  d.  organisch.  Chemie,  L 53-62. 

O.  C.  F. 

ISrOZS’TSOmTS.  A hydrattnl  ferric  silicate  allied  to  chloropal,  which  it  clos»dy 
resembles  in  physical  and  chemical  propertiMi,  excepting  that  it  gelutinisos  with  acids. 
Its  cumtK>sition  is  shown  by  the  following  analyses: 

a.  From  Nontron,  Dop.  Dordogne,  France  (Berth ior,  Ann.  Ch.  Phys.  [2]  xxxv. 
92). — b,  Villefranche  (Dufr6noy,  Ami.  Min.  [3]  iii.  393). — c.  Moutmors,  near  Autim 
(Jacquelain,  Aun.Ch.  Phys.  [2]  xli.  101). — d.  Andn'u.^beig  in  the  Hartz (Bie  wend, 
J.  pr.  Chem.  xi.  162). — r.  Tirschenreuth  (H.  Muller,  Dana's  .V/nt-rn/oj/y,  ii.  337).— 
/,  From  the  same  locality  (Uricoecheo,  loc.  ci^.): 


a. 

b. 

e. 
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23  00 
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97-5 
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100-03 

99-96 
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VOVT&.  — The  ninth  term  of  the  series  of  alcoliol-rtidielcs,  C"H**"'.  It 

is  also  called  P^^^ryr/ny/,  but  that  name  belongs  more  properly  to  the  Corresponding 
acid-nulicle,  C*IP’0,  homob^us  with  acetyl,  C^H*0. 

Nonyl  has  not  yet  been  isolated.  Hydride  o f nonyly  occurs,  together  with 

nonylone.C*!!’*,  and  nmiiy  other  hydrocarbons  of  the  series  C"ir*"^*  and  C"II^,  among 
the  prcKlucts  obtained  by  distilling  amylic  alcoliol  with  anhyd^J^s  chloride  of  zinc. 
'I’lio  hydride  of  nonyl  nti*l  noiiylene  occur  in  tlio  jjortion  of  the  distillat«‘  which  gr»eji 
over  between  135®  and  150®,  and  are  sejiaraltHl  by  mtiins  of  bromine,  which  combines 
with  the  nonyleuo  (Wurtz,  Bull.  Soe.  Cliim.  1863,  p.  300;  Ann.  Ch.  Pharm. 
cxxviii.  225;  Jahresb.  18G3,  p.  6Ut).  Hydride  of  nonyl  is  also  contained,  together 
with  other  alcoholic  hydrides,  in  American  petroleum  (Pclouzo  and  Cabours).  Sec 
llYniupES,  iii.  181. 

Hydride  of  nonyl  boils  between  184®  and  137® ; its  vapour-density  by  experiment  is 
4'50  (Wurtz);  by  calculation  4*432.  Its  odour  is  somewhat  like  that  of  lemons. 
(Polouze  and  Cuhours.) 

Chloride  of  Honyt^  or  Chloride  of  Pdargyf  C*H'*C1,  obtained  by  the  action  of 
chlorine  on  hydride  of  nonyl,  distils  over  as  a colourless,  mobile,  aromatic  liquid, 
having  a specific  gravity  of  0*899  at  16®,  and  boiling  at  19G®.  Healed  with  acetate  of 
ixitassium  to  150®,  it  yields  acetate  of  nont/l  as  a liquid  which  has  a fhiitv  odour, 
boils  between  208®  and  212®,  and  when  boiled  with  potash  yields  hydrate  of  nonyf 
non y lie  or  pelargonic  alcohol^  as  an  oil  boiling  at  a^ut  200®.  (Pelouzo  and 
Cabours.) 

VOUYliAKZNi:.  CH*'N.— Obtained  by  the  action  of  ammonia  on  chloride  of 
nonyl.  Colourless  liquid  having  an  aromatic  and  aromoniacal  odour;  boiling  between 
190®  and  192®;  somewhat  soluble  in  water.  (Pelouzo  and  Cahours.) 

MOmrXiBVB.  VeUirg&n^e.  Plaenc. — This  hydrocarbon  occurs,  together 
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with  hexylene,  among  the  products  of  tho  dry  distillation  of  hydrolcic  or  metoleic  acid. 
Thecnide  distillate  is  redistilled  at  130^^  to  remove  a quantity  of  cmpyioumatic  matter; 
the  liquid  which  passes  over  is  agitated  with  dilute  potash-ley,  to  free  it  from  volatile 
acids,  and  dried  over  chloride  of  calcium  ; and  the  hexylene  and  nonylcne  are  finally 
separated  by  fractional  distillation  (F  r^ray,  Ann.  Ch.  rhys.  [2]  Uv.  It  is  also 

fouD^^  toceUier  with  hydride  of  nonyl,  &c,,  among  the  products  of  the  distillation  of 
amylic  alcohol  with  chloride  of  zinc  (Wurtz,  Ivc.  cit,).  It  is  a colourless  liquid, 
lighter  than  water,  insoluble  in  water,  soluble  in  alcohol  and  ether ; has  a penetrating 
odour;  boms  with  a bright  white  fiame;  boils  at  about  110^  (Fr6my) ; at  about  140*^ 
(Wurtz).  Vapour-density,  obs.  4 071 — 4'4bfi  (Frdmy) ; 4*64  (Wurtz);  calc.  «■ 
4-359. 

Bromide  of  Honylene,  formed  by  direct  combination,  is  a non-volatilo 

liqnid,  which,  like  its  congeners,  is  attacked  by  caustic  potash,  yielding  a liquid  boiling 
between  140°  and  200^  (W urtz.) 

Chloride  of  Hont/lcne,  C’H'^Cl*,  also  formed  by  direct  combination  at  ordinary 
temperatures,  is  an  oily  liquid,  heavier  than  water,  haring  a rather  agreeable  odour 
mui^  like  that  of  anise;  it  burns  with  a green  smoky  fiame.  (Fr5my.) 

VOVTUC  AKCOBOXn  Sou  No.stl  (p.  134). 

VOBl»V8BXOU>XTB.  A mineral  from  Ruscula  on  Lake  Onega  in  Russia* 
probably  a variety  of  tremoiite  (iii.  169).  Contains,  according  to  C.  v.  Hauer,  6U‘78 
per  cent,  ^silica,  2*63  ferric  oxide  and  alumina,  14*12  lime,  and  22*46  magnesia. 
(Jahresb.  1854,  p.  820.) 

HOBXFE*  A rock  occurring  near  Egt'rsund  and  other  places  ou  the  west  coast  of 
Norway.  Its  composition  is  that  of  a gjibbro,  somewhat  poor  in  augitic  constituents 
(hvpenrthene  and  diullage),  and  characterised  in  several  places  by  an  admixture  of 
tiUniferous  iron.  Kj  eru  If  (Jahresb.  1862,  p.  791),  found  in  a norite  firom  Trun^eld 
in  the  Oesterthal,  of  grey  to  violet  colour  and  containing  labrodorite  and  green  diall^e: 
50*06  per  cent,  silica,  6*73  titanic  oxide,  16*44  alumina,  9*71  ferric  oxide,  14*66  Umo, 
4 88  magnesia,  1*38  soda  and  a trace  of  potash. 

HOStZUBK.  Tho  name  of  a metal  which  has  been  suppo^  to  accompany  zir^ 
nium  in  most,  if  not  all  of  tho  zninorals  which  contain  it.  This  idea  of  the  composite 
nature  of  tho  earth  commonly  called  zirconia,  is  bast'd  upon  some  experiments  of 
8ranberg  (Pogg.  Ann,  Ixv.  317),  who  found  that  when  cliJorido  of  zirconium  waa 
fractionally  precipitated  by  oxalic  acid,  the  several  precipitates^exhibited  considerable 
differences  of  composition.  On  the  other  band,  Berlin  (J.  pr.  Chem.  Ivii.  145)  finds 
that  tho  several  precipitates  of  oxalate  of  zirconium  thus  pixxiuced  do  not  exhibit  any 
differences  of  composition  sufficiently  great  to  warrant  such  a conclusion.  Tho  matter 
requires  therefore  further  investigation. 

VOSSAJflT.  A mineral  allied  to  haiiyno  (iii.  13),  occurring  in  rhombic  dodecaho- 
drons,  sometimes  modifiiKl  with  faces  of  the  cube,  more  rarely  of  tho  trapezohedroa 
2 0 2;  often  granular  massive.  Hardness  ™ 6*5.  Specific  gravity  = 2*25 — 2*3. 
Colour  greyish,  bluish,  or  brownish,  sometimes  black.  Translucent  to  nearly  opaque. 
Before  the  blowpipe,  it  loses  colour  and  fuses  on  the  edges.  Gelatinises  with  acids. 

Nosean  is  found  chiefly  in  the  eruptive  rocks  at  Lake  Laach,  near  Andemach  on  tho 
Rhine ; also  at  Rieden  and  Volkerfeld  in  Prussia  in  a loucite  rock. 

The  following  are  analyses  of  the  mineral,  mostly  from  Lake  X*aach: — a,  b, 
Bergemann  (Bull,  de  sc.  nat.  1823,  iii.  406). — c.  Varrentrapp  (Pogg-  Ann.  xlix. 
515).— Whitney  {ibid.  Ixx.  431). — e.  Blackish-green  to  clove-brown;  specific 
^rity  2*280.-^/.  Light  bluish-grey ; specific  gravity  2*299. — g.  Leek-green,  from  the 
Haardt  near  Ri^en  ; specific  gravity  2*336. — h.  Transparent  and  colourless,  mostly  in 
twin-crystals  (the  so-c^ed  scSalito  from  Lake  Laach);  specific  gravity  2*399  (G.  v. 
Hath,  Jahresb.  1863,  p.  822) : 
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Chlorine  . 

. 

. 

0-65 

0-61 

071 

1-05 

0-70 

1-08 

Aiaama 

. 29-2« 

27-40 

32-56 

29-48 

29-08 

28-46 

29-61 

26-60 

Feme  oxide  (with ) 
toansanic  oxide  . i 

2-67 

1-78 

0-06 

0-44 

0-76 

0-47 

091 

0-28 

Lime  , , , 

. 114 

8-14 

1-11 

1-36 

1-20 

0 63 

2-37 

4-05 

Soda  . , 

. 16-56 

12-24 

17-84 

23-04 

23-33 

23-90 

20*60 

20-75 

Fotuh  . 

. 

0-34 

trace 

^ster  , 
Sulphur  . 

! 2-82 

1-4*1 

1-85 

1-37 

0-83 

2-15 

2-0*1 

037 

99-10 

09-63 

09-23 

100-21 

100-48 

100-04 

100-00 

100-00 
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Kammelflberg  euggcsU  aa  probable  that  noeean  has  the  composition  ^NaC].3NaAU‘* 
SiO*)  + 6(Na^O*.6NaAU"'SiO*),  that  is  to  say  that  it  consists  of  1 molecule  of  soda- 
lite  united  witli  5 molecules  of  a soda-hatiyne  containing  G atoms  of  silicate.  Tins 
formula  requires  36*83  per  cent  silica,  7'2d  sulphuric  anhydride,  30*71  alumina,  2416 
soda,  and  106  chloride  of  sodium. 

SfOTATZOSI’.  The  system  of  chemical  notation  nour  in  use  among  chemists 
belongs  exclusively  to  modern  times,  for  it  is  essentially  an  expression  of  the  doctrine 
of  definite  combining  proportions,  and  the  atomic  theory.  But  in  all  ages  in  which 
chemistry  bus  been  cultivated,  signs  of  some  kind  or  other  seem  to  have  been  employed 
to  represent  the  various  kinds  of  matter ; and  although  wo  may  regard  the  definite 
quantitative  value  which  chemical  symbols  have  posses^  since  the  introduction  of  tlie 
atomic  theorv,  os  constituting  an  essential  difference  between  the  chemical  notation  of 
the  present  day  and  that  of  any  former  age,  still  it  is  not  difificult  to  trace,  in  the  nota- 
tions of  the  earlier  periods  of  the  science,  nearly  all  the  most  important  elements  of 
that  now  employi'd. 

The  very  early  belief*  in  a connection  between  the  several  members  of  the  solar 
system  and  individual  metals  li*d  to  the  n'presentation  of  both,  not  only  by  the 
same  names  (NoafKNCtATrRE,  p.  118),  but  by  the  same  signs.  The  following  account 
given  by  Ilassenfnitx  and  Adet  of  the  appropriation  by  the  early  chemists  of  th€*so 
signs  to  the  ]uirticular  metals,  shows  tliat  they  were  by  no  means  ai^lied  arbitrarily 
or  at  random,  but  in  accordance  with  a general  system  of  ideas.  **The  metals  wore 
divido<l  into  coloured  or  solar  metals,  and  white  or  lunar  metals.  The  metals  of  those 
two  cbiwM's  were  again  subdivided  into  perfect,  «emi-p<*rfi*ct,  and  imperfect  metals; 
perfection  was  expressed  by  a circle,  a^jxg,  732  ; semi-pe  rfection,  if  we  may  use  such 
an  expression,  by  a semi-circle,  h\  and  imperfection  by  a cross  or  by  a dart,  c.  Thus 
gold,  which  was  preeminently  the  solar  metal,  was  repn  w nted  by  a simple  circle,  d ; 
this  figure  was  common  to  the  metals  of  the  same  class,  as  copper  <*,  iron  /,  and 
antimony  g ; but  for  these  it  wjis  combined  with  the  symbol  of  imperfi'Ction.  Silver, 
which  they  considert'd  an  a semi-perf»*ct  lunar  metal,  was  denottni  by  a senu-circle  6; 
tin,  h,  and  lead,  i,  had  likewise  the  semi-circle  for  their  symlxil,  as  belonging  to  the 
same  class  ; but  they  were  distinguished  from  silver  by  tlui  cross  or  by  the  dart. 
Finally,  mercury,  which  wjis  an  imperfect  metal,  at  once  solar  and  lunar,  bore  the  dis- 
tinctive marks  of  both  these  chisses,  and  was  denoted  by  a circle  surmounted  by  a 
semi-circle  with  the  addition  of  a cross,  {Memoire  sur  de  nouveaux  caracUna  d 
emploger  cn  ChimUy  1787-) 

Fig.  732, 

a.  b.  c.  d.  e.  f.  g.  h.  i.  j. 

Additional  symbob,  framed  by  individual  chemists  in  accordance  with  their  own 
special  opinions,  wert'  employed  to  denote  other  substances,  but  those  given  alH)ve  long 
r«*maincd  in  universal  use.  \Vc  still  find  them  among  the  chemical  signs  adopU^l  by 
Bergman,  whose  system  may  bo  taken  os  the  hilcst  important  n*presentativc  of  the 
id<*u8  which  reigned  in  chemistty  b<‘fore  the  time  of  Lavoisier,  and  is  therefore  entitled 
to  a passing  notice.  The  four  ancient  elements  were  represented  by  Beigman  as 
follows : — 


A V A V 

Fire.  Water.  Air.  Earth. 

and  the  prindpal  classes  into  which  chemical  substances  were  then  divided,  by  the 
^11 : , , 1 • 


following  general  symbols : 

o 

© 

'r 

Acid.  Inflammable 

Metal 

Salt. 

.UkaU. 

Calx. 

matter. 

{r(gulu8\ 

In  order  to  denote  particular  substances,  one  of  these  general  symbols  was  used,  in 
combination  with  some  special  sign  of  difiference  : thus  the  several  acids  wer<‘  denoted 
by  a cross  followed  by  a sign  characteristic  of  each ; the  metallic  calces  bv  the  svTubol 
“calx,”  (which  when  followed  by  the  letter^,  fur  pura,  signified  lime),  followed  by  the 
special  sign  of  some  particular  metal.  (.See  Hassenfratz  and  Adet,  op.  cit,;  also 
the  frontispiece  to  “A  Dissertation  on  Elective  Attractions,  by  Torbern  Bergman,'* 
Ix>ndon,  1785;  and  the  plates  toPearson*s  “ TVanslation  of  the  Table  of  Chemical 


• Bcricman  quotn  a passage  from  ihe  writings  ol  Cclius  against  Urigen,  according  to  which  this 
beJief  caUted  among  the  ancient  Persians.  q 
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NoineDcluture  proposed  by  Guyton,  Lavoisier,  Bertholet,  and  De  Fourcroy,” 
2od  edit.  London,  1799.  In  the  last  work  the  signs  employed  by  Geoffroy  will  allto 
be  found;  for  information  on  the  origin  of  chemical  symbols,  the  author  refers  to  a 
“Tract  on  Symbols,”  by  Wall  of  Oxford,  written  in  1783). 

These  signs  of  Bergman’s,  and  indeed  all  that  hud  hitherto  been  employed,  indicated 
the  substances  to  which  they  were  applied,  exactly  in  the  same  way  us  the  ordinary 
tutmes  of  those  substances  indicated  them.  They  may  in  fact  be  regarded  as  merely 
abbreviated  modes  of  writing  chemical  names,  fur  the  information  which  they  con- 
reyed  was  precisely  the  same  as  that  given  by  the  latter.  These  symbols  did  not  ex- 
press, and  had  not  any  necessary  relation  to  the  composition  of  the  substances  they 
denoted ; and  indeed  it  is  evident  that  at  a period  when  fire,  air,  earth,  and  water 
were  still  regarded  as  the  elements  of  all  material  things,  chemists  can  hare  had  no 
clear  ideas  to  express  touching  what  is  now  understo^  by  chemical  composition. 
Accordingly,  we  first  find  chemical  signs  used  in  tbeir  modem  sense,  that  is,  to  denote 
chemical  composition,  by  the  philosopher  who  first  clearly  pointed  out  what  was  to  be 
understood  thereby.  In  a memoir  by  Lavoisier,  entitl^,  “Considerations  gunurales 
5ur  la  dissolution  des  M^taux  dans  les  acides,”  published  in  the  Memoires  de 
I'Acad^mie  des  Sciences  (annee  1782,  p.  492;  also  “CEuvres  de  Lavoisier,”  ii  609.  4to, 
Paris  1862),  occurs  probably  the  first  example  of  the  employment  of  symlwls  to  denote 
the  successive  steps  of  a chemical  operation.  The  meaning  which  Lavoisier  attach»*d  to 
the  signs  used  by  him  will  be  best  conveyi*d  in  his  own  words. 

**....  j’ai  construit  dos  espies  de  fonnules  qu’on  pourrait  prtoidre  d’abord 
pour  des  fonnules  alg^briques,  mais  qui  u’ont  point  le  meme  objet,  et  qui  ne  dcrivont 
point  dt-s  m^mee  principes ; nous  sommes  encore  bien  loin  do  pouvoir  porter  dans  la 
cbimie  la  pr^ision  mathematique,  et  je  prie  en  consequence  de  ne  considerer  les 
fonnules  quo  je  vais  donner  quo  comme  des  simples  annotations,  dont  Tobjet  est  de 
boulager  les  operations  de  I’esprit. 


Soit  nnc  substance  metallique  quelconquo  .... 

S.M. 

XJn  acide  quelconque 

lTl. 

L’eau  .... 

V 

Le  principe  ox^'gine 

L’air  nitreux 

A* 

L’ acide  nitreux 

e» 

” On  aura,  pour  expression  g^n^ralc  de  toute  dissolution  m^tallique, 

(.S.M.) 

“ Cette  formule  gen^ralcvariora  suivantla  nature  de  I’acideet  suivant  cello  du  metal; 
ainsi,  par  exemple,  si  e’est  la  dissolution  du  for  dans  Tacide  nitreux  qu’on  veut  ex- 
primer, on  aura  ( ^ ) ( V ©f  ). 

“Mais  Pacide  nitreux  6tant  lui-m6me  nu  compost,  il  faut,  dans  cette  formule,  y 
substituer  sa  valeur,  et  alors  la  formule  prendra  la  forme  qui  suit  ( ^ ) ( V*^  At*). 

“Soit  suppos6  la  quantity  de  for  = a,  il  est  clair  qu’il  faudro,  pour  dissoudro  une 
qaantite  a de  fer,  une  quantity  d^termin^e  d'acido ; qu’il  y a,  par  consequent,  une  rc- 
UuoD  entre  la  quantity  d’acide  et  ccUe  du  fer;  ct  qu’en  nommant  b cette  n-lation, 
j’sanii  a 6 pour  Texpression  de  la  quantity  d’acidc  n6cessairo  k la  dissolution. 

“11  est  eJair  encore  qu’une  quantity  a b d’acido  nitreux  est  composee  d’une  certaino 

portion  d'eao,  quo  je  pourrai  mommor — 

“D*ane  certaine  portion  de  principe  oxygine,  quo  je  pourrai  Dommer  . — 


“ D' une  certaine  portion  d'air  nitreux  quo  je  pourrai  nommer  . , . ^ 

“ Enfin  je  ferai  obsen’cr  quo,  pour  quo  cea  sortes  de  dissolutions  no  so  fassent  pas 
d'ane  mani^re  trop  tumultneuso,  il  est  n^cessaire  de  couper  ruetde  de  deux  parties 
d'eau,  d'apr6s  quoi  la  formule  ci-dessus  deviendra: 

(a  + (2o6  V + —V)  + {—*$<+  — At’). 

“Telle  est  la  formule  qui  repr«Ssente  I’expression  du  dissolvant  etdo  la  substance  a 
drisoudre  avant  le  melange.  Mais  sitot  que  Paction  dissolvante  a lieu,  Ic  m^tal  cnl^vo 
i Pacide  nitreux  la  quantity  de  principe  oxygine  in^ccssaire  j>our  .*»e  saturer.  Cette 
quantity  est  encore,  pour  chaque  m^tal,  dans  un  rapport  constant  avec  la  quantity  do 
ce  meme  metal,  et,  puisque  j’ai  nomm6  a la  quantity  du  metal,  je  pourrai  nommer 
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~la  quantity  dc  principe  oxygine  nicossairc  pour  Ic  Baturer.  II  eat  cUir  quo,  quand 

Si  dissolution  PSt  faito,  cctfe  qiiautiti  doit  ftro  ajontio  au  fcr  dans  la  formulf,  it 
rotranchee  do  1’ expression  de  I’aeide  nitreux  ; uinsi  la  fommle  deriendra  ; 

ax  ah  ah  X a X , ah  ^ ^ 

{aS  + + (2«AV  + Y V)  + + 7 A*)- 

£t,  k cause  qu’il  se  d^igage  de  la  combinaison  uno  quantity  d'air  nitreux  a pen  pres 
6galo  en  poids  a ccUe  de  principe  oxygine  absorbie  par  le  metul,  il  faut  retranoher 

— A**  cette  formule  pour  avoir  Texpression  ri*elle  do  ce  qui  restcra  apr^  la 
V 

dissolution ; on  aura : 

{aS  + (2u4  V + f-A)  +(7*^  + 7 A*  -jA*). 

“ Les  parentheses  expriment  la  manioro  dont  sent  groupies  lea  molecules  de  differente 
nature  dans  la  dissolution. 

“Pour  plus  de  simplification,  je  supposcrai  quo,  d.ans  toutes  ces  "dissolutions, 
quantit*^  d'acido  employee  est  toujours  d unc  livre ; d’upriss  quoi,  a b uerieudra  egal  a 
TuniteS  et  la  formule  sc  reduira  k ce  qui  suit: 

(a$  + 1^)  + (2V  + i V)  + (j-^  - + f ^ 

“ II  no  s’agit  plus  quo  de  donner  uno  valour  numeraire  k toutes  ces  quantities  ; H jo 
vais  rendre  compte  dcs  principalos  expt^riences  dont  je  suis  parti.” 

In  the  remainder  of  this  paper,  Lavoisier  compan*8  the  numerical  results  calculated 
by  means  of  this  formula  with  those  yielded  by  actual  experiment,  and  shows  how 
similar  formula}  may  be  applied  in  other  cases. 

Althougli  the  notation  employed  by  laivoisier,  in  the  memoir  from  which  we  have 
quoted,  was  distinctly  foundiKl  upon  the  principle  of  denoting  compound  bodies  by  means 
of  their  elementary  constituents,  this  principle  was  nevertheless  only  very  imperfectly 
carri«*d  out,  water  for  instance  being  still  represented  W Bei^man’s  symbol  instead  of 
by  the  symbols  of  its  elements,  notwithstanding  that  Lavoisier  had  himself  publi}Ju*d 
in  the  preWous  year  two  memoirs  demonstrjiting  its  compound  nature.  But  the  rapid 
advances  in  systematisation  which  took  place  in  the  next  few  years,  soon  rendered  it 
possible  to  apply  this  most  important  principle  in  a much  more  complete  manner. 
Accordingly,  in  1787,  Hassenfratz  and  Adet  published  two  memoirs  (from  one  of 
which  wo  have  already  ouotod,  p.  136),  wherein  they  proposed  a much  more  complete 
find  systematic  chemical  notation  than  any  that  had  hitherto  been  proposiHl.  They 
Ix'gan  by  assigning  symbols  to  the  elemeutaiy'  or  undecom|>ounded  bodies,  employing 
similar  symbols  for  all  the  boclies  of  tlie  same  class,  and  giving  the  simplest  to  such  as 
were  of  most  frequent  occurrence.  Thus,  caloric,  oxygen,  and  nitrogi'n  were  chi»-**t*d 
together  as  “substances  which  can  exist  in  the  aeriform  condition  at  the  ordinary 
temperature  of  the  atmosphere,  and  which,  as  entering  into  the  conq>osition  of  an  in- 
finity of  bodies,  require  the  utmost  simplicity  in  their  characters,”  and  were  accordingly 
represented  by  difforent  positions  of  a straight  lino:  thus,  | caloric^  — oxygen,  / 
nitrogen.  The  fourth  position,  \ was  reserved  to  denote  a new  element  of  the  same 
class  whenever  such  might  be  discovered ; and  by  adopting  zigzag  instead  of  straight 
lines,  four  additional  symbols  were  obtained  for  bodies  of  the  same  class,  one  of  them, 
I,  being  employed  for  light,  and  the  three  remaining  positions  being  reserved  your 
detigmr  de  nouvdlee  substances  simples  et  airiformes  lorsque  Von  en  decouvrira'^ 
Similarly,  a semi-circle  was  used  as  the  general  svTnbol  for  combostible  elements,  each 
individual  being  distingtiishcd  by  a particular  position  of  the  common  character : thus 

^ hydrogen,  Q carl^n,  ^ sulphur,  O pfwsphortu.  The  other  general  s^*mbols 
were  08  follows : ^ alkalis,  ^ earths,  Q metals,  ^ acidiJiaUe  compound  radicles, 
^ non-acidifiabU  compound  suUtancea  (such  as  ether,  alcohol,  oil,  &c.).  These 
symbols  not  admitting  of  the  formation  of  a sufficient  number  of  special  signs  by  mere 
variations  of  position,  the  simis  representing  particular  substances  were  obtained  by 
placing  the  initial  letters  of  their  names  inside  the  common  symbol  of  the  class  to  which 
they  l^longed.  For  instance,  among  the  metals,  gold  alone  was  denoted  by  the  symbol 
Q,  “ in  order,”  as  the  authors  say,  “ to  preserve  the  ancient  character,”  the  remainder 
being  denoted  by  a circle,  inside  which  was  inscribed  a letter,  or  in  ease  of  the  names 
of  mure  than  one  metal  having  the  same  initial,  two  letters,  taken  from  their  latin 
names.  For  instance,  0 lead,  0 platinum,  (^  silver,  @ arsenic,  @ antimony. 


Digitized  by  Googic 


NOTATION. 


139 


kc.  Compouml  bodies  were  denoted  by  the  jiixtapositxon  of  the  symbols  of  their 
tlemeDU,  these  being  placed  upon  the  same  horizontal  lino  when  the  elements  were 
regarded  as  mutually  saturated,  but  when  any  element  was  supposed  to  bo  in  excess,  its 
symbol  was  placed  ^lowthe  line,  or  above  if  it  was  in  defect  Thus  ’y'  represented  ice ; 
the  same  combined  with  a small  quantity  of  caloric  constituted  water  and  with 
ciloric  in  excess  it  constituted  8te4xm 

A most  important  alteration  in  the  meaning  of  chemical  symbols  resulted  from  tho 
introdoctioD  of  the  atomic  theory  ; from  this  time  they  had  not  merely  a qualitative  but 
a quantitative  signification,  the  symbol  of  each  sulwtance  no  longer  representing  an 
indefinite  quantity  of  that  substance,  but  a particular  weight  proportional  to  the 
supposed  weight  of  its  atom.  The  atomic  symbols  employed  by  Dalton  had  all  the 
same  general  form,  namely  that  of  a circle,  this  form  t>eing  must  likely  adopted  by  him 
because  he  considered  tho  atoms  themselves  as  in  all  probability  spherical.  Kxamples 
of  some  of  the  symbols  employed  by  him  for  non-motallic  elements  have  already  been 
given  in  the  articles  Atomic  Wbiohts  (i.  453)  and  E<iurvAJ.BNTS  (ii.  404) ; in  order  to 
denote  the  several  metals,  ho  adopted  tho  same  expedient  as  Hossenfratz  and  Adot, 
namely  placing  their  initial  letters  inside  the  circle. 

In  IS15,  Berzelius  proposed  a system  of  notation  in  wliich  the  use  of  initial  letters 
vus  extended  to  all  the  elements,  and  the  use  of  the  enclosing  circles  was  dis]>en8*><l 
«ith.  At  the  same  time  he  introduced  the  method  of  denoting  several  atoms  of  tho 
same  element,  or  sevend  molecules  of  the  same  compound,  by  means  of  coefficienti*, 
thus  bringing  chemical  notation  almost  exactly  into  its  present  state.  But  in 
addition  to  tho  modem  system  of  chemical  fomiula?,  wliich  will  be  found  mon^  fully 
described  below,  Berzelius  proposed  a system  of  mineralogical  formulm,  which  though 
seldom  met  with  in  modem  works,  require  some  notice  in  a historical  summary.  These 
formulae  were  used  only  for  the  alkaline,  earthy  and  some  metallic  silicates.  Silica 
and  the  various  oxides  occurring  in  these  minerals  were  denoted  by  their  initial  letters, 
the  higher  (or  -ic)  oxides  by  capitals,  and  tho  lower  (or  -ous)  oxides  by  small 
letters,  italics  being  employed  for  both  in  order  that  these  miglit  not  be  confounded 
aith  the  chemical  forrouhie.  For  instance,  K = potash.  N = sodji,  D « barytji,  Sr 
Btrontia,  C — lime,  A — alumina,  8 =»  silica,  Mn  =»  manganic  oxide,  mn  «=  manganous 
oxide,  F «=  ferric  oxide,  / =s  ferrous  oxide.  When  two  symbols  were  joined  without 
a coefficient,  they  represented  a compound  of  tw'o  oxides  in  such  proj>ortion  that 
each  contained  the  same  quantity  of  oxygen:  thus  (taking  S = SiCP\  AS  stood 
for  but  when  a coefficient  w'as  used,  it  denot^  combination  according 

to  a multiple  of  tho  above  proportion,  as  AS^  = or  «•  lAl*<J*.SiO*, 

(Berzelius,  Lchrbuch  der  Chemic,  ed.  1831,  vol.  iv.  pt.  2,  p.  1078.) 

Still  another  system  of  abbreviated  formulie  proposed  by  Berzelius  is  now  seldom 
used,  except  by  minemlogists,  and  may  therefore  be  mentione<l  hero  in  connexion  with 
the  foregoing.  We  refer  to  the  use  of  dots  placed  above  the  symbol  of  an  element  in 

order  to  express  its  combination  with  oxygen,  os  S for  SO*  and  S for  SO*.  After  tho 
discovery  of  the  sulphur-salts,  this  mode  of  notation  was  extended  by  the  use  of 
commas  to  stand  for  sulphur,  short  horizontal  strokes  for  selenium,  and  small  cros.'^es 
for  teliarium : thus 

K Mo  molybdate  of  potassium. 

K Mo  sulpho-molybdato  of  potasssiura. 

K Mo  seleno-molybdate  of  potassium. 

K Mo  telluro-molybdato  of  potassium. 

From  a chemical  point  of  view,  these  formula  are  open  to  the  serious  objection  t hat  tln*y 
to  imply  an  essential  diffi*i*onco  between  the  modi‘  of  combination  of  oxygen  and 
its  analogues,  and  tliut  of  all  other  elements.  Accordingly,  Liebig  audPoggendorf, 
in  their  gmit  Dictionary  of  Chemistry,  recommendird  the  entire  abandonment  of  them 
(we  Handwbrterbuch  a<  r reinen  und  angewandtni  ChcmiCy  preface  to  first  edition ; 
also  Ann.  Pharm.  ix.  3,  foot-note),  as  well  ;is  of  the  horizontid  strokes  througli  symlnds 
nwd  by  Berzelius  to  denote  double  atoms.  At  tho  same  time  they  propost*d  another 
modHicalion  of  Benelius's  notation,  which,  though  it  has  bivn  extensively  adopted, 
cannot  be  considered  as  an  important  improvement.  This  was  the  placing  of  tho 

* Ic  Is  worth/  of  remark  that,  although  we  now  know  the  conception  of  calorie  as  a substance  to  have 
been  erroneoui,  the  attempt  to  express  the  quantity  of  it  contained  in  a material  substance  la  any  given 
rendered  Hasseofratl  and  Adet's  formula*  In  one  respect  more  complete  than  those  now  employed. 
Tbe  only  similar  attempt  we  are  acquainted  with  In  modern  chemistry  Is  the  late  Mr.  bowman’s  method 
of  denoting  (be  state  of  aggregattoo  of  a substance  by  varying  tho  kind  of  type  employed  In  priming  its 
lymbols.  (See  his  PracuuU  ChaHistry^  London  ISIS,  pp.  xviii.— xxlil.) 
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»mall  numerals  employed  to  multiply  the  oloraentary  symbols,  below  the  symbols 
instoa<l  of  above  them,  as  CO,  instead  of  CO*,  ^4^?  instead  of  &e.  The  object 
of  this  latter  alteration  was  to  prevent  the  possibility  of  the  coefficients  cnjployed  in 
chemical  formuhe  being  supposed  to  have  the  same  meaning  as  the  similarly  placed 
exponents  in  mnthemaliciil  formuhe.  Mitscherlich,  with  the  same  object,  avoidt^  the 
use  of  the  small  numerals  altogether;  thus  for  instance  he  wrote  chloride  of  benzoyl 
(using  the  atomic  weights  of  the  period)  14C10II2O2C1  instead  of  C**H'*0'C1*.  The 
danger  to  be  avoided  was  not  however  so  great  as  to  necessitate  either  of  these  expe- 
dients. 

At  first,  even  after  they  had  assumed  almost  completely  their  moilem  form,  chemical 
formuhe  wer<*  not  so  much  used  to  express  proci*sses  of  chemical  change,  as  to  denote 
the  composition  of  individual  substances.  When  they  were  used  to  express  a ri*action 
the  arrangement  of  the  symbols  was  usually  different  from  that  now  commonly  adopted. 
As  a general  rule,  instead  of  a chemical  equation  as  now  written,  tlio  formula  of  the 
reagents  were  written  one  under  the  otiicr,  the  similar  atoms  being  added  together,  and 
the  same  was  done  with  the  formulm  of  the  products,  and  the  sign  = was  placed 
bt'tween  the  two  sums.  For  exjimple,  the  transformation  of  prussic  acid  and  water 
into  formic  acid  ammonia  is  thus  K'prcsentcd  in  Liebig’s  treatise  on  Organic  Chemistry : 


I equiv.  of  hydrocyanic  acid,  N*C’H*  1 f 1 cquiv.  of  ammonia  . N*  H* 

3 equiv.  of  water  , . H‘0*  [ = j 1 cquiv.  of  formic  acid  . C*H*0* 

But  the  more  modem  form  of  chemical  equation  witli  the  sign  + was  likewise  used  not 
unfroqucntly,  the  idea  of  expressing  chemical  changes  in  this  way  dating  in  fact  from 
Lavoisier,  iu  whose  Traiti  clhncntairc  dc  Ckimic  (Fartie,  i.  chap.xiii.)  there  occurs  a 
true  chemical  equation:  namely, 

“ Mv&t  dc  raiiin  « acidc  c<\rh(m\que  + alcooV' 

Turner,  Johnston,  and  Graham  were  among  the  first  British  chemists  who 
adopted  Berzelius's  noUition,  and  the  earliest  English  elementary  work  into  which 
it  was  introduced  was  the  tliird  edition  of  Turner’s  ElemenU  of  Chemistry.  For 
some  time,  however,  the  use  of  the  symbolic  notation  met  with  considerable  oppo- 
sition in  this  country,  a certain  number  of  chemists,  one  of  the  most  con.siderable 
of  whom  was  Richard  Phillips,  objecting  to  the  system  as  a whole;  while  in 
other  quarters  objection  was  taken  to  the  use  of  mathemutical  signs  in  a stmso  some- 
what aifferent  from  that  which  they  bore  in  mathematics.  Dr.  Whewell,  who  was 
one  of  the  most  strenuous  opponents  of  Ih^rzeliiis's  noUition  upon  this  ground,  en- 
deavoured to  replace  it  by  a system  in  which  the  mathematical  meaning  of  the  signs 
was  more  closely  adhered  to.  But  whatever  may  have  been  the  merits  of  Whcwelrs 
notation,  it  was  so  far  from  corresponding  to  the  actual  requirements  of  chemical 
science,  that  it  never  carao  into  use,  and  it  is  sufficient  hero  to  liuve  referred  to  it. 

[For  particulars  of  the  controversy  above  alluded  to,  see  Whewell,  On  the  empU^y- 
ment  of  Eotation  in  Chemistry.,  Journ.  Roy.  Inst,,  i,  347,  May  1831. — Prideaux,  lirjdy  to 
Whetcrlly  adwKathta  Birsdius's  System^  Phil.  Mag.  Ann.  N.  S.  x.  104,  Aug.  183i.— 
Warington,  On  Cnemical  Symbols,  witli  remarks  on  WhewcU’s  paper,  Phil,  Mag. 
Joum.  i.  181. — lh‘rzeliu8,  lirply  to  Wheiedl,  Jaliresb.  xv.  2Ul. — Whewell,  Erply  to 
Berzelius,  Phil.  Mag.  Joum.  iv.  9. — R.  Phillips,  On  the  use  of  Chemical  Stf/nltoU, 
ibid,  iii.443  ; iv.  246. — Prideaux,  Iteplics toVhitli^iS,  ibid.iv.  41J;  464. — Graham, 
to  Phillips,  ibid.  iv.  106  ; 402.— Whewcirs  system  of  notation  may  also  be  found  in 
Brande's  Manual  of  Chemistry,  6th  edit  1841.] 

The  important  modifications  or  extonsious  which  the  notation  of  chemistry  has 
received  since  the  time  of  Berzelius,  are  not  numerous.  Among  the  most  valuable  wo 
may  mention  the  introduction,  by  Gerhard  t,  of  “general  formula?,”  iu  which  letters  of 
variable  value  arc  used  as  coefficients  instead  of  numbers,  and  Odling’s  method  of  de- 
noting tlio  atomicity  of  polyatomic  elements  and  radicles  by  means  of  accents  placed 
ulwve  their  symbols.  (Chem.  Soc.  Qu.  J.  vii.  1.) 

The  consideration  of  the  quantitative  value  of  the  symbols  of  the  elements  does  not 
come  within  the  scope  of  this  article,  and  has  moreover  been  fully  discussed  in  prerious 
articli^  to  which  we  must  refer  (Atomic  Weights,  i.  462;  EQUivAi.SNTa,  li.  491; 
Metals,  Atomic  Weights  and  CLASsiFiCATifiN  of,  iii.  957).  The  various  opinions 
that  have  been  held  of  late  years  in  relation  to  this  subject,  have  however  tntrouuctHl  a 
good  deal  of  confusion  into  chemical  notation,  and  have  caused  the  more  or  less  genmil 
adoption  of  a variety  of  expedients  for  avoiding  the  consequent  ambiguity.  Such  of 
these  as  ore  employed  iu  the  present  work  arc  explained  below. 

It  now  only  remains  to  exphiin  the  rules  which  are  generally  followed  by  the  leading 
chemists  of  the  present  day  with  respect  to  chemicid  notation,  and  esj)eciaUy  those 
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vhicb  are  adopted  in  thU  work.  The  symbole  employed  to  represent  atomic  proper- 
tions  of  the  several  elementary  bodies,  form  the  rmsis  of  tliis  notation.  A table  of 
these  symbols,  and  of  their  naraerical  values,  has  already  been  given  at  pages  464 
and  465  of  vol  i. ; we  may  therefore  assnme  that  they  are  known.  Compound  bodi»*s 
ire  represented  by  the  juxtaposition  of  the  symbols  of  the  elementary  atoms  which 
enter  into  the  composition  of  one  molecule.  A single  atom  is  represented  in  tho 
formula  of  a compound,  by  the  corresponding  symbol  without  any  addition ; two 
or  more  atoms  arc  ropresent«'d,  either  by  a repetition  of  tho  symbol,  or  by  placing 
after  it  a small  numeral,  above  or  below  the  line.  For  example,  the  formula  CHNO 
represents  cyanic  acid,  one  molecule  of  which  contains  one  atom  of  carbon,  one  atom  of 
hydrogen,  one  atom  of  nitrogen,  and  one  atom  of  oxygen ; HHO,  or  H’O,  or  re- 
presents tho  compound  of  2 ot.  hydn^en  with  I at.  oxygen ; C*H*N*0*  repre- 
sents a molecule  of  oxamide  containing  2 at.  carbon,  4 at.  hydrogen,  2 at.  nitrogen, 
and  2 at.  oxygen.  Sometimes  it  is  required  to  represent  the  fact  that  in  some 
particular  reaction,  or  set  of  reactions,  certain  atoms  of  a compound  act  differ- 
ently from  the  remainder:  in  such  a case  the  symbols  of  tho  atoms  in  question 
are  usually  inclosed  within  brackets,  a numeral  being  added  outside  when  needful, 
which  then  multiplies  all  the  symbols  contained  between  the  brackets.  For  instance, 
in  order  to  express  that  in  monethylic  succinate  the  group  of  atoms  C*H*  behaves  in 
many  reactions  differently  from  the  rest,  the  formula  of  tho  compound  may  be  written 
C*H'(C'H*)0\  instead  of  C*H'*0* ; similarly,  diethylic  succinate  may  be  written  thus, 
C*H*(G*H^)*0*,  instead  of  If  for  any  reason  it  is  desired  to  call  special 

MteutioD  to  certain  symbols  which  are  already  contained  within  brackets  together  wiUi 
others,  this  may  be  A>ne  by  placing  a vinculum  over  them,  or  by  putting  them  betw’cen 
round  brackets,  and  the  larger  bracketed  group  of  which  they  form  part  between 
^uare  brackets.  Thus,  suppose  we  want  to  write  the  formula  of  ethylic  dichloracotate 
in  such  a manner  as  to  call  attention  at  once  to  the  particular  functions  of  the  groups 
conrtituting  the  radicles  ethyl  and  dichloracotyl,  and  to  the  fact  that  the  number  of 
chlorine  and  hydrogen-atoms  in  dichloracetyl  is  equal  to  tlio  number  of  hydrogen 
atoms  in  acetyl — this  may  be  done  in  one  of  the  following  ways : 

(C>ncI*0XC’H‘)0,  or  [CXHC1')0](C’H*)0. 


Another  method  of  pointing  out  the  relation  between  substitution-derivatives  and  tho 
corresponding  normal  compounds,  is  to  place  the  symbols  of  the  substituting  atoms  at 
the  same  part  of  the  formula  as  would  otherwise  have  been  occupied  by  the  symbols 
of  the  atoms  whose  place  they  have  taken,  writing  them  when  needful  above  or  below 

NO* 

the  line.  For  example,  nitrobenzoic  acid  may  be  represented  thus,  C’  jpO*,  to  ex- 


press the  fact  that  the  atoms  NO*  have  taken  the  place  occupied  by  an  atom  of  hydro- 
gen in  the  normal  compound  C*H*0* ; similarly,  dibromo-trichloro-naphtholene  may  be 
Br* 

written  C'*C1*.  This  mode  of  arranging  symbols  in  a formula  is  especially  used  to 

H* 


represent  the  constitution  of  bodies  which  may  be  conceived  as  formed  by  the  substitu- 
tion of  other  atoms  or  radicles  for  hydrogen  in  tho  typical  compounds  HCl,  H*0,  H*N, 

C*H* 

&c. ; t.g.  ethylic  acetate  when  compared  to  the  typo  H*0  is  often  written  or 

C*H*  ) C*H* 

C*H*0  [ ^ diethylamine,  when  compared  to  the  typeH*N,  is  often  written  C*H*N 

or  ^ N or  ^ | order  to  facilitate  comparison,  tho  formulae  of  tho 

primitiTO  types  arc  often  written  in  the  same  manner ; as  water  jJO  or  > 0,  ammo- 


H H) 
nUHN  orHVN. 
n H) 


The  use  of  a brace  r in  such  formulae  has  no  other  obj’ect  than  to 


indicate  a little  more  clearly  tho  exact  relative  positions  of  the  symbols,  and  thereby 
the  supposed  order  of  combination  of  the  atoms  they  represent. 

In  Older  to  represent  chemical  changes  by  means  of  symbols,  the  formulae  of  the  re- 
acting bodies  arc  written  on  one  side  of  an  equation,  and  the  formulm  of  the  products 
on  the  other,  the  several  terms  on  each  side  being  separated  by  the  sign  as — 


NKO*  -t-  SH*0*  =-  NHO*  + SHKO* ; 

or,  if  it  is  desired  to  direct  special  attention  to  some  one  product,  this  is  placed  alone 
on  one  side  of  the  equation,  as 

NHO*  + KHO  - H*0  - NKO*. 
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With  mpird  to  flic  meaning  of  the  alg(‘braic  signs  ss,  + and  — in  chemical  eqnations, 
it  must  ho  obRcrred  that  the  sign  =•  expresses  merely  tqualHy  in  weiffht ; the  sign  + , 
that  two  sul>stance8  between  whose  fcuTDnlffiiti8phvcednre»*ir«/^e^fVA<:r;  and  the  sign 
— f the  separation  or  removal  from  each  other  of  two  substances.  &>metimes  however 
we  meet  with  the  sign  + used  to  denote  combination ; but  such  an  employment  of  it  is 
apt  to  lead  to  great  confusion  and  ought  always  to  be  avoided. 

If  two  or  more  molecules  take  part  in  or  re^t  from  a reaction,  the  number  of  mole- 
cules is  expresse<l  by  a full-sized  numeral  preceding  the  formula  of  the  substance  in 
question : thus  when  chlorine  is  prepared  by  heating  a mixture  of  chloride  of  sodium, 
manganic  dioxide,  and  sulphuric  aci^  the  reaction  t^ee  place  between  two  molecules 
of  the  chloride,  one  molecule  of  the  oxide,  and  two  molecules  of  the  acid,  and  is  con- 
sequently represented  by  an  equation  thus — 

2NaCl  + Mn^O*  + 2IPS0<  = Na*SO*  + Mn^O<  + 2H*0  + Cl*. 

The  manner  in  which  the  laige  and  small  numerals  arc  employed  in  chemical  formula' 
will  be  easily  understood,  if  it  is  borne  in  mind  that  the  use  of  the  former  is  to  multi- 
ply the  formulfle  of  molecules,  while  that  of  the  latter  is  to  multiply  the  symbols  of  atoms, 
or  the  formula  of  radicles  behaving  like  atoms.  Sometimes  tliese  coi*mcicnts  are  inter- 
changed, but  this  is  always  incorrect,  as  their  true  meaning  is  quite  distinct,  for  instance 
the  formula  C*H"  cannot  have  the  same  meaning  as  2C'H^  similarly  two  molecules  of  water 
ought  always  to  ho  written  2H*0,  not  H*0-,  which  would,  strictly  speaking,  be  the  form- 
ula of  a compound  one  molcule  of  which  contained  four  atoms  of  hyorogen  and  two  atoms 
of  oxygen.  A similar  remark  applies  to  small  numerals  employed  to  multiply  a group  of 
symbols  inclosed  within  brackets : e.y.  (C^IIK))*  should  not  be  written  (C*H^*)  nor  vice 
tvrsd.  When  the  formula  to  bo  multiplied  by  prefixing  a large  numeral  is  already  broken 
np,  by  some  of  the  symbols  being  contained  witliin  brachots  or  otherwise,  it  is  well,  in 
order  to  avoid  possible  misconception,  to  inclose  the  whole  formula  again  in  brackets, 
putting  the  numeral  outside.  Thus,  if  the  formula  of  two  molecules  ofalcohol  wore  writ- 
ten 2(C^H*)nO,  the  2 might  bo  supposed  to  multiply  only  the  symbols  between  the 
brackets:  to  avoid  any  ambiguity  it  would  bo  be  tter  to  write  2[(C*H*)H0]. 

Sometimes  the  symliols  making  up  the  formula  of  a single  molecule  are  separated  by 
a as  Na*SOM0H*O.  The  proi>er  meaning  of  this  sign  is  to  denote  that  if  the 
Atoms  rcprescntt*d  by  the  symbols  on  either  side  of  it  are  removed,  one  or  more  com- 
plete molecules  will  still  lx*  left.  When  a numerical  coefficient  is  prefixed  to  such  a 
formula,  its  multiplying  power  extends  only  to  the  smliols  preceding  the  point:  thus 
the  formula  2KCl.SbCl*  is  not  equi^•Alent  to  2(KCl.SbCl*).  When  the  numeral  is  in- 
tended to  apply  to  the  whole  formula,  tills  should  alu>ays  bo  placed  within  brackets. 

In  the  appbeatioD  of  chemical  formula*  to  mineralogy,  it  is  often  nec-dful  to  be  able 
to  represent  the  general  composition  of  a mineral,  the  composition  of  particular  speci- 
mens of  which  may  vary  considerably,  in  conscqu«'noc  of  the  more  or  less  complete 
replacement  of  one  constituent  by  one  or  more  others,  isomorphons  with  it.  Thus 
the  formula  of  normal  ortlioclase  or  potash-felspar  is  ICAl*Si*0*,  but  the  composition 
of  the  mineml  often  differs  considerably  from  that  represented  by  this  formula,  the 
{>otnssium  being  partially  replaced  by  an  equivalent  quantity  of  sodium,  magnesium, 
or  ealcium,  and  the  aluminium  partiiUIy  replaced  by  iron.  This  variability  of  compo- 
sition is  expressed  by  writing  the  formula  thus : 

(K;  Na;  Mg;  Ca)(Al;  Fe)’Si'0* 

which  signifies  that  each  molecule  contains  a quantity  of  potassium,  sodium,  magnesium, 
and  calcium  which  is  together  equivalent  to  one  atom  of  potassium,  and  a quantity  of 
aluminium  and  iron  which  is  altogether  equimlent  to  two  atoms  of  aluminium. 

Tlie  symbols  given  in  the  table  already  referred  to  (i.  464,  4G5)  represent  in  nearly 
all  cases  the  atomic  weights  adopted  by  Gerhard t;  but  in  addition  to  these,  other 
scales  of  atomic  weights  are  in  use  which  it  is  often  needful  to  distinguish  by  the  em- 
ployment of  different  symlxib*.  In  the  first  place,  there  is  the  scale  adopted  in 
“ Gmolin’s  Handbook  of  Chemistry,”  and  some  years  ago  almost  universally  employed 
in  tliis  country  : when  formulm  founded  upon  this  scale  are  used  in  this  work,  they  are 
distinguished  by  being  printed  in  italics.  Secondly,  in  order  to  denote  atomic  weights 
twice  as  great  as  those  assumed  by  Oerhardt,  the  ordinary  symbol  is  changed  by  the 
reduplication  of  its  first  consonant,  ns  Ppb,  Ffe,  All,  &c.,  or  a horizontal  stroke  is  drawn 
through  it,  as  Pb,  Fe,  Al,  &c.  These  modes  of  notation  are  not  employed  precisely  in 
the  same  way  by  all  chemists,  but  as  special  methods  ore  seldom  adopted  without  the 
necessary  explanations  Ixing  given  at  the  same  time,  we  need  not  enter  into  further 
detail.  It  is  greatly  to  be  desired  that  all  chemists  should  agree  in  regarding  the 
modified  notations  now  in  use,  as  merely  temporary  expedients,  and  that  they  should  aim 
at  returning  ns  soon  os  practicable  to  the  uniform  and  sole  use  of  the  symbols  originally 
proposed  by  Berzelius. 
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VOTXTS.  Palagonito  Vnl  do  Noto. 

SDCXM.  A subrtanco  contained  in  green  walnut'shcHs.  It  is  proparod  by  mixing 
the  ethereal  extract  of  the  shells  with  a perfectly  neutral  solution  of  cupric  sulphate  till 
it  assumes  a pure  blood^rt-d  colour ; then  decanting  and  filtering,  and  cautiously 
adding  nitric  acid  (avoiding  an  excess)  till  the  rt'd  colour  changes  to  blue-gri'en.  Tlie 
nodn  is  thereby  set  free,  and  by  dissolving  it  in  ether  and  evaporating  over  oil  of  vitriol, 
may  be  obtained  in  the  form  of  a yellow  powder  composed  of  microscopic  needles.  It 
is  insolable  in  water,  sparingly  soluble  in  alcohol,  sublimes  at  a little  above  100^  (or 
according  to  later  experiments,  somewhat  below  90°),  in  reddish-yellow  needles’  Am- 
munia,  fixed  alkalis,  and  salts  liavii^  an  alkaline  reaction,  impart  to  it  a splendid  red 
colour.  The  red  ammoniacal  solution  mixed  with  hydrochloric  acid  deposits  a brown- 
red  flocculent  precipitate,  soluble  with  red  colour  in  ammonia.  Nucin  is  free  from  nitro- 
g»>n,  but  its  exact  composition  has  not  been  determined.  (Vogel  and  Roischaucr, 
Jahrwb.  1856,  jp.  6U3  ; 1858,  p.  633.) 

The  name  Sucin  has  also  been  applied  to  a brown  resinous  substance  found  by 
Brandes  in  the  hard  shell  of  the  cocoa-nut. 

inrcuSXV.  A name  appUe«lf  sometimes  to  the  albuminous  constituent  of  the 
crystalline  lens  {Handu'orterhuch^  v.  623),  sometimes  to  the  substance  forming  the 
nucleus  of  the  blood-cells.  {Lehmann's  Physiological  Chemistry^  ii.  186.) 

aruciLXtrs  TBSO&T.  Theorie  ‘des  }ioyau:e.  Kcmtheoric. — A theory  of  the 
constitution  of  organic  compounds,  devised  by  Laurent  (Ann.  Ch.  Phys.  [2]  Ixi. 
125X  and  adopted,  with  some  modifications,  by  Leopold  Omclin  in  bis  ** Handbook 
of  Chemistry,”  (English  edition,  vol.  vii  p.  18).  It  supposes  all  organic  compounds 
to  bo  formed  from  ccruin  hydrocarbons  containing  even  numbers  of  carbon  and 
hydrogen-atoms,*  e.  g.  Ethylene  OII\  Amyleno  Benzene  Naphtha- 
lene These  ore  called  Primary  Nuclei;  and  from  them  are  formed 

Secondary  Nuclei  by  substitution  of  chlorine,  bromine,  oxygen,  sulphur,  nitryl 
(NO*),  amidogen  (NH*),  &c.  for  equivalent  quantities  of  hydrogen,  e.  g.  from  naphthalene 
the  secondary  nuclei,  C^II’O,  C**H*CP,  C^H*(NO*)*,  &c-,  &c.  Farther, both 

primary  and  secondary  nuclei  are  capable  ofattaclungtothemscdves  externally,  as  it  wert', 
certain  atoms  or  groaj:«  of  atoms,  always  in  even  numbers,  thereby  producing  alcohols, 
ethers,  acids,  alkalonls  &c.,  &c.  Thus  ethylene,  C*H\  by  addition  of  the  group  110, 
ptfotiuces ether,  C'H'.HO  = C*H*0  ; with  H*0*  it  forms  alcohol,  C*H‘.H*0*  = C'H*0* ; 
with  0*,  aldehyde;  with  0*,  acetic  acid,  &c. ; again,  from  the  secondary  nucleus  diox- 
cthylenc,  C*fPO*  is  formed  oxalic  acid,  C*1I*0*.0*  = C*H*0*;  trichlorethylonft,C*Cl*H, 
with  0*  forms  chloral,  C*Cl*H.O*; — amidethylene,  C*(NH*)H*  or  C*AdH*,  yields 
accUmidc,  C*AdH*.0»  = C*H*NO*,  and  ethylamine,  C*AdHMH  = C*IPN.  &c. 

Lastly,  the  compounds  thus  formed  are  capable  of  uniting  with  others  both  oi^nic 
and  inorganic,  forming  what  are  called  conjugated  compounds,  including  the  so-called 
compound  ethers,  conjugated  acids,  &c. 

Thus,  in  the  ethylene  series,  we  have  neutral  ethylic  phosphate, 3C*H*0  JO*;  ethylic 
bilsjratc,  C'H*0.2BO* ; ethyl-sulphuric  nci»l,  C*n“0*.2S0*;  xauthic  acid,  C*I1‘0*.2CS*; 
bichlorocarbonic  ether,  C*Ci*II*O.CO^ ; porehloro-carbonic  ether,  C*C1*0.C0-;  torchlor- 
cthylic  acetate,  C*C1*1P0.C*H*0* ; carbamic  ether  or  urethane,  C*AdH*.2C0* ; taurine, 
C'*AdH‘.2SO«,  &c. 

As  a further  illustration,  we  give  the  entire  scries  of  compounds  derived  from  the 
amjlene,  (Handbook,  vol.  xi.). 


Primaby  Nucleus,  C*®H‘*. 


Amvlem,  C'*H** 

Amylie  Hydride. 

Aiavlic  Ether,  C'*H*«.HO 
Amvlic  Alcohol, 

Valemldide,  C»*H»0» 
Vslerianic  acid,  C‘*H'*.0* 


• Amylic  Sulphide, 

1 Amylic  Mercaptan,  C**H'*.H*S’ 
, Amylic  Iodide,  C'*H”*.HI 
Amylic  Bromide,  C'®H'MIBr 
Amylic  Chloride.  C‘»H’*  HCl 
Tclluramyl,  C**H**.HTc 


Conjugated  Compounds  of  the  Primary  Nucleus,  C’*H‘*. 


Amylic  Carbonate 
Tribasic  Amylic  Borate 
Amylic  Bibomto 
Amylic  Phosphite 
Amylophospboroos  acid 


C'*H'«C0>  « C'®H“O.CO’ 

C*H»BO«  = 3C««H*>0J10» 

C‘»H"B*0»  « C'*H‘»0.2B0» 

C**H«PO»  « 2C'*H*’0.PH0« 

C‘*H'*PO«  = C'*IP*0*.PH0* 


* The  $jTntx)U  mod  in  tbit  article  have  the  tame  valuct  at  in  Gmelin't  Handbook  ; II  a 1,  C » C, 
0 = s,  S as  10,  4c. 
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Conju^attd  Compounds  {continufd'). 


Amylophotiphoric  Acid 
Amylosulphnrous  acid 
Amylosulphuric  acid 
Amylxanthic  acid 
Mctliylamylic  Oxysulphocarlxmate 
Ethyl-amylic  OxyBulphocarbouatc 
Amylic  Dioxysulpliocarbouat** 
Amylic  Nitrite  . . » . 

Amylic  Nitrate  .... 
llibasic  Silicate  of  Amyl 
Amylic  Formate 
Amylic  Chloroformato 
Met  hylic  Valerate 
Amylic  Cyanide 

Amylic  Sulphocyanide  . . 

Amylic  Acetate  , . . 

Amylic  Chloracetate  . . , 

Ethylic  Valerate 

Amylic  Oxalate  .... 
Amyloxalic  acid 

MoDovalerin  .... 

Biralcrin  ..... 
Trivalerin  ..... 

Valeronc 

Valeracctonc  .... 

Amylomalic  acid  . . . 

Amylic  V'alcrato 


Oxygcn-yiuclrus^  C'*H*0. 
Valerianic  anhydride  = C’*H*0.0* 
Oxygcn-nuchits,  C**H*0*. 
Pyrotartoric  acid  =»  C‘*H*0*.0* 
Vxygen-nueleus,  C*“H*0*. 
Pyrotartaric  anhydride,  C'*H*0*.0* 


C'*H'*PO* 

a 

C'.ni’O’.rno* 

C‘*H''S*0* 

C'*H'’0=.2S0’ 

aa 

C"lI'’<'l’.2SO’ 

C'»H'-0’S> 

C'*II"0’.2CS’0 

C'H'WS* 

« 

C'"H"(C’H*)0’.2CS’ 

C'*H‘‘0=.S* 

a 

C'*H"(C'H»)0’.2CS« 

C'H"0’S' 

C'*H"0’C.’S‘0 

C'*I1"N0* 

C'*H"O.NO> 

C'*H"NO* 

C"H"O.NO* 

C"H“SiO* 

2C'*n"0.si0’ 

C'»H'*0< 

C'*H"O.C’HO* 

C'«H"C10‘ 

3. 

C’H"ock:io* 

C'»H''0‘ 

a 

C’H’O.C’H’O* 

C‘»NH" 

a 

C'*H'*.C’XH 

C"XI1"S' 

C“H'*.C’NHS’ 

C"H"0* 

a 

C"H"0.C<H’O* 

CCFIP'O* 

sa 

C'"H"O.C'Cl’HO* 

C'*ii"o* 

C*H»0.C'*H*0’ 

(jj.HMO* 

mm 

2C"H"0.C‘0* 

C'‘H'»0* 

C"H‘’0’.C*0* 

C“H'*0* 

C*H"O*.C'*H*0’ 

C*H'0*.(C'*H*0’)’ 

C“H”0>* 

o 

CTI*0*.(C"H'«’)* 

c"n'*o» 

a 

C»H">0’.C*H* 

cun '’O’ 

BS 

C«H'»0’.C’H’. 

m 

C“H'’0’.C’H*0* 

C‘*H"0.C“H’0* 

Nucuo. 

Chiorine-nuclrus^  C'•C1*H^ 
Trichlorovaleriauic  acid,  C'*C'PH*.0* 
Chlorine^nucleu*^  C**CPH*. 
Tetrachlorovalerianic  acid,  C'*CFH*.0* 


SBCOIfnAHT 


Amidogen'iiucUiu,  C**(NII*)H* 


Amylamine 
Oiamylamine 
Mothyl-ethyl-amylamine 
Diethyl-am^’lamine  . 
Trianiylamino  . . 

Mc!hyl*diethyl-amylaminc 
Triethyl-amylamine  . 
T<'tnimylamine  . 
Valeramido 
Amylurcthano  . 
Oxamylane 
Sincaline  . 
Xauthamylamide 


C‘*NH'* 
C**NH« 
C««NH'* 
C‘*NH« 
C»*NH»* 
C"NH** 
C«NH“ 
C“NH« 
C*»NH“0*  « 
C'*NH»»0«  == 
C>*NH‘*0*  « 
C'*NH'*0*  = 
C‘*NH'*S*0»  = 


- C>*AdH». 

C'»AdH*,H* 

C*»Ad(C’*H")H*.ir 

C'«Ad(C‘H»)»H».H* 

C'»Ad(C'*H'*)^H».H* 

C'«Ad(C^ll>)(C«IP)*IIMr 

C'«Ad(C'H»)*H*.H> 

C'*Ad(C‘*H'*)»HMP 

C‘«AdH*.0* 

C'«AdH»*.2C0> 

C'*AdH‘'.C*0« 

C'«AdH'».0» 

C>*AdH'>.CS».CO*. 


Aynidogrn’mvclrus,  C’*Ad*H*0*.  I Aso-murlrtts,  C**NH*. 

Inosic  acid,  C*“N*H*0'*  » C'*Ad*H’0*.0*  ( Valeronitrilc,  C'*NH* 

Cor\;ugaied  Compounds. 

Amylene-urea  ....  C'WH"0*  = 

Valcryl-urea  ....  C'*N’H**0«  - C=N*H‘0* 

Amyl'piporidino  , . . C*NH**  C'*H**.C'*AdH* 

The  nucleus  theory  has  not  been  adopted  in  any  other  systematic  work  on  Organic 
Chemistry,  and  it  is  perhaps  unfortunate  that  Qmeliu  should  haro  made  it  the  basis  of 
his  arrangement  of  organic  compounds ; for  it  is  entirely  artificial,  often  bringing  into 
close  proximity  compounds  which  have  little  or  no  natural  relation  to  one  another, 
and  has  moreover  the  radical  defect  of  representing  organic  compounds  as  a class  of 
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bodi^  qait«  distinct  £rom  inorganic  compounds,  a distinction  which  recent  inveetiga- 
tioiu  hare  shown  to  bare  no  existence  in  nature.  Still  iis  an  artificial  system  it  is 
perhaps  aa  convenient  as  any  other,  and  enables  us  with  facility  to  arrange  and  classify 
nearly  all  organic  bodies  whose  composition  has  been  well  made  out,  as  may  be  seen 
by  reference  to  the  preceding  table,  and  further  to  the  Tables  of  Contents  of  the  several 
Tolumea  of  Gmeliu's  Handbook  relating  to  organic  chemistry  (vols.  vii.-xvi.).  The 
objection  sometimes  urged  against  it  that  the  number  of  carbon-atoms  in  a compound 
must  be  known  before  its  pl^  in  the  system  can  be  determined,  is  not  of  much  force; 
for  no  system  that  eould  be  devised  would  enable  an  enquirer  to  find  the  place  of  any 
given  comjH>and  in  it  without  knowing  something  about  its  constitution.  A more 
serious  objt'Ction  to  the  system  is  that  many  compounds  cannot  be  arranged  under  it 
at  all  Such  compo  luds  are  placed  in  the  Handbook  as  Appendices  to  the  groups  to 
which  they  appear  to  have  the  closest  affinity.  Thus,  under  the  bead  of  compounds 
containing  32  carbon-atoms,  Linseed-oil  and  other  drying  oils  are  placed  in  an  appen- 
dix to  Linoleic  acid ; fish-oils  as  an  appendix  to  Physetolcic  acid ; and  the  solid  natural 
&U,  as  an  appendix  to  the  Cetylene  series  in  general.  This  defect,  however,  is  not 
peculiar  to  the  nucleus-th(K)ry : indeed  in  classifying  compounds  according  to  the  rudicle- 
theory,  we  meet  with  at  least  an  eoual  number  of  compounds  which  at  present  appear 
intractable  : in  Gerhardt’s  Traite  (U  Chimie  arganiqtw,  for  example,  which  is  arranged 
according  to  that  theory,  about  a fourth  of  the  entire  space  is  taken  up  w ith  the  des- 
cription of  “ Corps  a serier.’* 

WXnraBSS,  OT  SVBIT.  See  Classification  (L  lOll). 

W88ZXBXTB.  An  impure  p}Tomorphite  containing  arsenate  of  lead,  from 
Nuai^re,  Dep.  of  Rhone,  Franco. 

BUT  OZBS.  Hazel-nuts,  the  seed  of  Corylus  AvtUana^  yield  GO  per  cent  of  a 
colour!^  or  pale  yellow  oil  having  a sweet  taste,  and  a specific  gravity  of  0*9242  at  15®. 

It  sulidifies  at  —10®  The  cold-pressed  oil  was  found  by  Lefort  to  contain  76  fio — 
77*15  per  cent,  carbon,  11*46 — 11*73  hj’drogen  and  11*89 — 11*12  oxygen.  It  forms 
with  chhrine  a colourless  compound  rather  thicker  than  the  oil  itself,  of  specific 
gravity  1*081  at  3*5®,  and  containing  21  *06 — 20*26  per  cent  clilorino.  T\\q  broviimittd 
oil  is  yellowish,  of  the  same  consistence  as  the  chlorine-compound,  of  specific  gravity 
1*280  at  2*3®,  and  containing  from  36*35  to  36*58  per  cent,  bromine. 

Walnut-oil  from  the  kernel  of  Jualans  ngia^  commonly  calle<l  nut  oil,  is  greenish 
when  newly  prepared,  but  becomes  palt‘-yellow  by  keeping.  Specific  gravity  0*9283  at 
12®,  0*9194  at  25®,  and  0*871  at  94®.  It  is  inodorous  and  hiis  an  agreeable  taste.  It 
thickens  at  — 15°  and  solidifies  to  a white  muss  at  — 27*5®  (Sausaure).  It  dries  more 
qnickly  than  Linseed-oil,  and  is  therefore  much  used  in  painting. 

It  contains,  according  to  Lefort,  70*7  per  cent  carbon,  11*5  hydrogen,  and  17*8 
oxygen.  Forms  a soft  soap  with  potash.  Walnuts  yield  as  much  as  50  per  cent,  of 
this  oil. 

t'klorine  converts  walnut-oil  into  a light  yellow  butter  of  the  consistence  of  thick 
honcT  : specific  gravity  l lll  at  12®,  and  containing  27*12 — 27*26  per  cent,  chlorine. 
The  broThinatd  oil  has  the  same  consistence,  a specific  gravity  of  1*409  at  17'5®,  and 
contains  46*84 — 46*75  per  cent  bromine.  (Gerh.  ii.  898.) 

■UTMBO  OXBS.  Nutmegs,  the  seed  of  MyrUtica  aromatica  (or  M.  moftchata), 
yield  by  distillation  with  water,  about  6 per  cent,  of  a transparent,  nearly  colourless, 
mobile,  volatile  oil  of  specific  gravity  0*948  (Lewis),  0*920  (Bley),  having  the  odour 
of  nutmeg,  and  an  aromatic  burning  taste.  It  contains  81*1  percent  cjirbon,  10*8 
hydro^D,  and  8*0  oxygen,  and  is  a mixture  of  an  oil  and  a camphor.  It  dissolves  in 
alcohol  and  forms  a soapy  mass  with  alkalis. 

The  oil  when  left  to  stand  deposits  a camphor  or  stearoptene  called  myristicin, 
which  dissolves  easily  in  boiling  water  and  crystallis<*s  therefrom  on  cooling  in  trans- 
parent colourless,  long,  very  thin  prisms  with  dihiHlralsummits,  or  by  rapid  crystallis- 
ation in  stellate  groups  of  needles.  It  dissolv«*s  also  in  cold  nitric  acid  and  in  nqueous 
potash,  easily  in  alconol  and  ether,  and  in  warm  oils,  both  fixed  and  volatile.  Contains 
62*1  per  cent.  carlx)n,  10*6  hydrogen,  and  27*3  oxygen{MuldorXngreeingnearlywith 
the  formula  It  melts  above  100°,  and  sublinit‘S  eom|detely  at  a higher 

temperature  in  white  very  slender  needles.  It  absorbs  1 1*8  per  cent,  hydrochloric  acid 
gas,  melting  to  a transparent  roaas,  the  aqueous  solution  of  which  is  precipitated  by 
nitrate  of  silver.  (Gm.  xvi.  391.) 

The  volatile  oil  obtained  from  mace  or  the  arillus  of  nutmeg  and  the  fixed  oil  or 
butter  called  myristin,  expressed  from  the  seeds,  have  been  already  described  (iiL  740 
and  1073). 

WUTJLXTXOWv  AlfXMAB*  The  word  nutrition  *’  as  applied  to  animals  is 
employed  by  physiologists  in  two  somewhat  different  senses.  They  often  use  it  in 
VOL.  IV.  L 


Digitized  by  Googic 


146  NUTRITION,  ANIMAL. 

Bpeaking  of  the  morph  )logical  laws  accorrling  to  which  the  parts  of  nn  auimal  decreaiie 
or  increaao  relatively  to  the  whole  mass  of  the  animal  and  tliereby  bring  about  changes 
in  form.  It  is  more  commonly  used  (and  only  ho  here)  to  denote,  irrespective  of  form, 
the  sum  totalof  the  processes  through  which  the  animal  body  inbuilt  upand  sustained, 
both  as  to  its  material  ;uid  as  to  its  forces,  by  that  fraction  of  the  external  world  which 
it  takes  into  itself  from  time  to  time  under  the  name  of  ‘‘food.”  Every  animal  con- 
tinually seta  free  from  itself  during  its  lifetime  a certain  amount  of  material  and  a 
certain  amount  of  force;  and  the  laws  of  nutrition  mean  the  laws  according  to  which 
that  loss  is  continually  replenished  from  the  first  moment  of  the  animars  existence  to 
its  final  dissolution.  The  necessity  of  such  a cr>ntinual  waste  and  renewal,  though  a 
problem  of  great  obscurity,  so  long  as  the  older  theories  of  vital  action  were  believed 
in,  becomes  clear  when  the  facts  art'  studied  in  the  light  of  the  theory  of  the  consen  a- 
tion  of  forces.  While  the  waste  of  material  in  any  vital  action  was  supposed  lo  be 
caused  hy  the  vital  act — while,  for  instance,  the  w’aste  of  muscular  substance  in  muscu- 
lar contraction,  was  supposed  to  be  caused  by  the  play  in  the  muscular  fibre  of  some 
immaterial  thing  called  vital  force — it  was  difficult  to  connect  stringently  together  the 
work  and  waste  as  cause  and  effect,  and  to  show  why  the  action  of  the  immaterial 
principle  should  necessitate  the  destruction  of  the  material  substance.  The  difficulty 
however  vanishes  as  soon  as  we  lay  aside  the  idea  of  any  particular  vital  force  or  forces, 
and  regard  the  force  exerted  by  an  animal  upon  the  world  outside  it,  as  having  b^'cn 
previously  stored  up  within  the  tissues  of  the  body  as  latent  energy,  and  as  bting  set 
free  in  various  forms  of  actual  eneigy  by  their  decomposition.  From  this  point  of  riew, 
the  force  becomes  tlie  result,  not  the  cause,  of  the  waste ; and  a renewal  of  the  body  is 
necessary,  not  in  order  that  the  vital  force  mav  have  new  material  through  which  to 
play,  but  because  fresh  latent  energy  embodied  in  new  material  is  from  time  to  time 
wanted  for  the  production  of  actual  force.  An  animal  way  thus  be  considered  as  con- 
sisting, at  any  e]>ocb,  of  a certain  amount  of  force  associated  as  latent  energy  with  a 
certain  amount  of  material.  Inuring  life  the  force  is  being  separated  ftorn  the  material 
and  set  free,  manifested,  expended  in  the  various  forms  of  vital  force,  and  the  material 
thus  deprived  of  its  force,  is  being  cast  out  as  useless.  This  necessitates  that  there 
should  U'  continually  passing  into  the  body  a certain  amount  of  force  and  a certain 
amount  of  material,  so  associated  together  that  they  are  caf>abl6  either  of  being 
divorced  at  ouce  within  the  economy,  and  the  actual  energj-  lil>emted,  as  one  or  more 
of  the  so-called  vital  forces,  or  of  becoming  part  and  parcel  of  the  stock  of  force  and 
material  represented  by  the  body,  ready  when  occasion  demands  to  be  similarly 
disposed  of.  Thus  there  are  three  things  to  be  considered : the  total  income  or 
material  pius  force  ; the  force  expended  or  work  done,  that  is  lo  say  the  sum  of  the 
vital  actions  of  the  economy ; and  the  waste  or  material  minus  the  expended  force. 
The  condition  of  the  organism  at  any  given  time  will  depend  on  the  relation  which 
these  factors  then  bear  to  each  other.  Thus  in  early  life,  the  income  cxccmIs  the  ex- 
penditure of  force  and  therefor**  also  the  waste  of  material ; eousequeutly  the  organism 
gains  both  in  force  and  material  After  a certain  ago,  however,  the  income  within  a 
given  p<'riod  is,  neglecting  temporary  variations,  sufficient,  hut  onl}*  sufficient,  to  cover 
the  expenditure:  consequently  the  body  neither  gains  nor  loses  either  in  force  or  ma- 
terial, but  remains  in  a condition  of  equilibrium.  The  season  then  follows  in  which 
the  real  income  is  less  than  the  expenditure,  and  the  body  becomes  a loser.  We  might 
theoretically  imagine  this  loss  to  continue  until  the  organism  had  dwindled  down  to 
its  primeval  nothingness;  but  in  reality,  a more  or  less  violent  disruption  of  the  vital 
machinery,  called  death,  takes  place  before  any  great  diminution  can  occur.  The  dead 
body  then  represents  a certain  amount  of  force  and  material  ready  to  be  disjoined  and 
dissipated  in  ways  that  are  not  vital  through  the  so-called  putrefactive  decomposition. 
These  relations  of  the  factors  to  each  other  during  the  several  phases  of  a lifetime  are 
imitated  in  the  temporary  variations  that  occur  from  day  to  day  or  year  to  year. 

In  considering  thofnoomcor  ingesta,  we  find  that,  although  an  animal  receives  small 
quantities  of  actual  energy  in  the  shape  of  heat,  electricity,  motion,  &c.,  these  are  so 
insignificant  that  they  may  be  disregaided  when  compared  with  the  other  sources  of 
force.  Every  animal  takes  into  itself  from  time  to  time  a certain  amount  of  a certain 
number  of  substances,  including  a certain  quantity  of  oxygen.  These  substances  re- 
present, in  the  prospect  of  their  chemical  union,  a certain  amount  of  latent  eneigy 
{Spannkraft) ; it  is  their  latent  energy  which  forms  almost  entirely  the  source  of  the 
actual  energy  of  the  organism.  Since  the  particular  chemical  union  through  which 
the  latent  energy  of  these  substances  becomes  liberated  as  actual  energy,  is  chiefly  one 
of  oxidation,  we  are  enabled  to  state  that  the  income  of  force  for  animals  is  the  force 
derived  from  the  oxidation  by  the  oxygen  of  respiration  of  the  oxidisable  bodies  taken 
as  food. 

The  force  expended,  or  effeetus^  of  the  animal  assumes  various  forms.  A certain 
portion  becomes,  and  issues  as,  heat.  Another  quantity  is  represented  by  muscular 
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eontnctioD,  part  of  which  ia  concerned  in  rUceral  moyomentii,  while  the  rest  results 
in  locomotion  and  other  mechanical  effects.  A third  quantity  is  culled  nerrous, 
or  cerebral,  or  sometimes  mental  force.  A fourth  is  occupied  with  growth  and  the 
pff serration  of  form.  The  remainder  has  to  do  with  the  clicmical  transforma- 
tions and  elaborations  which  are  necessary  tn-fore  the  brute  food  is  in  a proper  stato 
to  be  consumed  in  vital  action.  A part  of  the  total  income  is  expended  in  raising  the 
rest  of  the  ingested  material,  with  its  latent  energy,  to  a higher  level  of  concentration 
and  adaptability  for  conversion,  in  changing,  as  it  is  said,  the  dead  meat  and  vegetable 
substance  into  living  flesh  and  blood  through  the  processes  of  digestion,  assimilation, 
&c.  This  may  be  called,  par  excellence,  nutritive  work ; it  correspond  also  to  the 
force  supposed  by  some  writers  to  be  rt^quired  by  living  material  in  order  to  resist 
ordinary  chemical  and  physical  changes. 

The  ipasU  or  rgtuta  may  be  briefly  described  as  consisting  of  carbonic  acid,  water 
and  certain  crystalline  nitrogenous  bodies,  of  which  urea  is  the  physiological  type, 
together  with  a few  other  matters  always  associated  with  the  latter.  AH  these  are 
the  results  of  the  oxidation  of  the  oxidisablo  income. 

[t  is  evident  that  the  task  of  taking  the  force  and  material  of  the  income  and  of  ex- 
plaining the  numerous  conversions  they  suffer  until  they  Anally  issue  as  effectus  and 
egesta,  is  nothing  else  than  the  whole  task  of  physiology.  The  study  of  nntrition  must 
of  necessity  be  confined  within  narrower  limits,  perhaps  in  some  such  way  as  follows. 
The  animal  body  consists  of  certain  kinds  of  material  with  force  so  associated  with 
them,  that  the  decomposition,  the  metamorphosis,  in  other  words  the  oxidation,  of  each 
material  sets  free  an  appropriate  force  and  gives  rise  to  a corresponding  waste.  Thus 
among  other  things,  the  body  contains  certain  quantities  of  nervous,  muscular  and  adi- 
pose tissue,  whose  decomposition  may  be  said  to  give  rise  to  muscular,  nervous,  and 
caloriflc  action,  the  development  of  each  action  lx>ing  accompinied  by  its  particular 
waste.  The  object  of  the  study  of  nutrition  is  to  ascertain  qualitatively  and  quantita- 
tively the  things  which  are  best  suited  when  taken  into  the  body  to  ensure  the  acquire- 
ment of  one,  several,  or  all  of  the  various  corporeal  constituents,  and  thence  to  guarantee 
the  exhibition  of  the  force  or  forces  proper  to  the  animal ; or,  in  other  words,  to  deter- 
mine the  laws  according  to  which  qualitative  and  quantitative  variaf ions  of  the  income 
aflTtHjt  the  quality  and  quantity  of  the  capital,  and  thence  the  quality  and  quantity 
of  the  expenditure.  The  practical  problems,  for  whose  solutions  a knowledge  of  such 
laws  is  d^irable,  will  vary  of  course  with  the  circumstances  of  the  animal.  For  instance 
in  animals  doomed  to  the  slaughter-hoose,  the  questions  bare  to  deal  more  particularly 
with  the  amount  and  nature  of  the  material  developed  in  the  body,  that  is  to  say  with 
the  amount  and  character  of  the  capital.  In  man  and  beasts  of  burden,  attention  has  to 
be  drawn  to  the  amount  and  nature  of  the  force  expended,  muscular,  nervous,  &c.  In 
coming  to  any  conclusion  on  these  matters,  a certain  amount  of  crude  experience  is 
neoeasary  before  a rigorously  scientific  method  can  be  applied. 

On  thb  natubb  of  Food, 

that  is  to  say,  the  nature  of  the  income.  Though  oxygen  is  an  essential  part  of  the 
income,  it  stands  so  much  apart  by  itself  that  it  is  gener^y  considered  separately  from 
the  rest  of  the  income  or  fo^  proper.  Experience  teaches  us  that  the  food  of  animabi, 
so  understood,  consists  of  a certain  number  of  animal,  v^table,  and  inorganic  substances 
known  under  the  name  of  *' article.^  of  food."  Such  are  moat,  bread,  milk,  potatoes, 
grass,  water.  Some  animals  {JirrHvora)  feed  on  vegetable  and  inorganic  substances 
only,  viz.  plants  and  water.  Others  (corwiwra)  feed  only  on  animals  (previously 
reared  on  vegetables)  and  water.  Others  again,  such  a.<9  man,  are  omnivorous,  feeding 
on  both  animals  and  plants.  A chemical  examination  of  all  known  articles  of  food ' 
shows  that  each  of  them  contains  one  member  or  several  members  of  a class  of  chemical 
compounds,  which,  from  their  universal  occurronee  in  the  exceedingly  numerous  and 
otherwise  most  diversely  coustitnted  “ articles  of  food,"  and  from  the  constant  ratio 
their  presence  bears  to  the  roughly  determined  nutritive  value  of  these  articles,  have 
received  the  name  of  “ alimentary  principles."  They  hare  these  characteristics.  They 
are  all  capable  of  being  digest'd,  i.t.  of  passing  from  the  alimentary  canal  into  the 
system  ; when  any  one  of  them  is  swallowed,  a fraction  only  of  it  reappears  in  the 
freces.  They  are  all  capable  of  being  oxidised,  and  are  found  by  observation  to  be 
more  or  lees  completely  oxidised  when  introduced  into  the  system  as  food;  when 
swallowed,  the  part  which  does  not  reappear  in  the  faeces,  and  which  therefore  has  been 
digested  and  abeorbed,  cannot  be  detected  passing  outwards  again  unaltered,  either 
through  kidneys,  lunp  or  skin.  They  are  nearly  all  complex  compounds  of  carbon, 
hydrc^D,  oxygen  and  nitrogen. 

Besides  these  oxidisable  alimentary  principles  **  there  is  also  another  class  of  sub- 
stanoes,  represented  by  some  of  its  memMrs  in  every  article  of  food,  substances  which, 
thoogb  digestible  and  evidently  in  the  habit  of  passing  into  the  system,  are  either 
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incapable  of  oxidation  or  may  be  proved  not  to  be  oxidi»«'d  in  their  transit  thronphthc 
economy.  In  tho  opinion  of  some,  these  Inxlies  should  not  Ik*  classed  under  the  head 
of  fixxl.  Btit  then'  are  cogent  reasons  why  they  should  Ik*  so  treated.  Expt‘riencc 
sliow.H  that  they  are  quite  as  •'8s<*ntial  ccmstituents  of  a healthy  diet  as  (heir  oxidisahle 
com{^>aDiona.  And  tlie  necessity  for  their  use  is  obvious.  If  it  is  true  that  the  amouBt 
of  force  posfH*s.«eii  ainl  given  out  by  living  beings,  is  doe  to  the  chemical  pm- 
c^•s^^'s  taking  place  within  the  l>ody,  or  sp«*aking  generally,  to  the  oxidation  of  the  oxi- 
disable  fjod ; then,  out  of  the  whole  numlnT  of  substances  consume<l  as  food,  only 
the  oxidisable  “ alimentary  principh-s ’*  can  In*  looked  to  as  sources  of  force.  But  life 
is  not  mere  nnkt*tl  force ; it  is  not  simple  cc»mbusfion  or  oxidation.  It  is  oxidatico 
un^ler  particular  circum.stances;  it  is  force  manifested  in  {.mrticular  modes.  The  force 
generatt‘d  by  the  oxi(Lition  of  the  alimentary'  principles  is  regulated  and  directed  into 
particular  channels  in  and  by  the  body.  Tfie  l>ody  itself,  besides  being  a mass  of  latent 
force,  is  a machine  for  the  conversion  of  force,  and  that  part  of  the  bo<ly  which  so  sorreS 
as  mere  machinery  will  re<|uire  for  its  construction,  material  that  not  only  need  not  be 
oxidisable  and  f«rcf*-giving,  but  will  Ik*  all  the  more  useful  for  its  special  purp^-s  in 
so  far  as  it  cannot  be  oxidised.  While  that  machinery  is  b<*ing  built  up,  during  the 
growth  of  the  animal,  its  material  must  be  sought  for  in  food,  and  during  the  whole  of  the 
life-time  there  will  he  continual  waste  and  ivnewal  of  tho  machinery,  not  necessarily 
for  the  purpK)se  of  giving  forth  force,  but  because  the  p-culitir  ciivumstances  of  the 
machinery  uuavoidably  cause  part  of  it  to  Ik*  continually  carried  off  in  the  general 
waste-current  of  the  economy.  The  animal  lK>dy  is  not  a ste.'im-engine  whicn  seek* 
only  force  in  its  futd  and  is  r»*paired  from  wilhoni : it  is  a pecnliar  machine  which  ha? 
to  find  in  its  ftHsl  not  only  its  supply  of  force  but  also  material  for  its  constant  repair. 
We  may  therefore  divide  fo<Ki  into  the  oxidisable  alimentary  principles,  the  force- 
generators,  the  biogenic  elements,  and  into  the  other  substances  which  serve 
only  as  material  for  rt'piir  of  pure  machinery,  and  which  thorefort*  may  be  called  force- 
regulators  or  biotaxic  elements.  If  must  however Iw rem<  ml>ered  that  the  force- 
generators  may  be  or  rather  decidedly  an*  force-n'gulators,  though  the  converse  of  course 
does  not  hold  good.  It  is  naturally  a matter  of  very  great  difficulty  to  determine 
whether  any  given  body,  confe.‘-s<dly  not  an  alimentary  principle,  is  to  be  n^arded  Wf 
a force-n-gulator,  or  as  being  in  that  sense  necessary  to  the  well-being  of  the  economy. 

All  such  substances,  generally  found  in  a healthy  Isxly  and  therefore  in  ordinary 
food  and  in  the  ordinary  egestii,  may  be  so  considered-  But  it  would  be  hazardous  to 
limit  the  list  to  these,  since  it  is  quite  possible  that  science  may  yet  discover  that  the 
ordinary  consumption  of  bodies  not  as  yet  rc-comniendcd  by  experience  would  increase 
an  animal's  well-being  by  introducing:  “new  regulative  elements  ” whereby  theconver- 
Bion.s  of  force  within  tho  economy  might  l>e  more  advantageou.sly  carried  on.  Should 
any  such  be  discovered,  they  would  have  the  right  to  be  claimed  as  proper  clement.^  of 
food.  Hence  tlie  difficulty  of  giving  a satisfactory  definition  of  “ food  ” wide  enough  to 
eml  race  all  its  parts.  “ Whatever  is  commonly  insorb<*d  in  a state  of  health  ” is  per- 
haps the  best  or  rather  the  truest.  According  to  this  quinine  (which  though  oxidised 
in  the  system  to  a certain  extent,  mast  be  regarded  for  its  virtues  as  u pure  regulator) 
in  the  midst  of  malaria  is  as  much  an  element  of  food  as  starch  or  salt.  Medicines  in 
general  may  be  regarded  as  occiisional  n-gulators. 

The  alimentary  principles  may  be  rouglily  enumerated  as  follows: 

1.  yUrogmous  CtMoids. — These  are  chiefly  the  whole  series  of  protein-compounds  or 
albuminoids,  both  from  the  animal  and  vegetable  kingdoms.  Also  gelatin,  which  though 
of  little  value  apparently  for  certain  pur|>oses,  fairly  comes  under  the  head  of  “ali- 
mentary principles.”  To  these  may  be  added  certain  |x‘ciiliar  nitrogenous  ct'*mpoun«U, 
not  protein,  such  as  those  occurring  in  beet-root  molasses  or  mangold  pulp  (Henne- 
berg  and  Stohmann)  whose  nature  and  properties  have  not  yet  been  well  studi'd. 

2.  Hgdrocarboun,  Fats, — Nearly  all  animal  fats  may  be  regarded  as  alimentary 
principles.  So  also  most  of  tlie  vegetable  fatty  bodies,  with  deductions  for  varying 
digestibility  and  purity.  Information  as  to  the  digi*stibility  of  vegetable  bodies  more 
or  less  alli^  to  fats  and  oils  is  wanting.  According  to  Grou  ven,  the  waxy  and  resinous 
portions  of  vi*getable  food  are  lai^ely  digested  by  oxen  and  oxidised  in  tlieir  system. 

3.  Carbo-hydrati  8. — Starch,  Sugars,  Dextrin,  Gum,  Woody-fibre,  Pectin.  Tlie 
first  two  are  largely  present  in  most  vegetable  articles  of  food,  and  hold  a high  rank 
as  alimentary  principles.  Imilin,  according  to  Rolleston  (Brit.  Assoc.  Reports,  1862), 
resists  human  salivary  diastase,  and  is  possibly  therefore  not  digested.  Gum  is  not 
digest(*d  by  man,  but  is  destroyed  in  considerable  quantities  by  oxen  (Grou  ven). 
The  group  of  substances  known  under  the  name  of  pectin,  classed  for  convenience  with 
carbonydrates,  seems  to  be  readily  digested  and  oxidised  by  oxen.  Woody-fibre  (that 
is  the  cellulose  of  woody-fibre,  not  its  lignin  or  cutin)  is  digested  by  ruminants  to  the 
extent  of  from  30—60  per  cent.  (Lawes  and  Gilbert,  Henneberg,  Grou  ven.) 
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' Besides  these  alimentary  principles  there  are  also  present  in  a healtliy  diet,  the 
bodies  which  have  been  called  n^Intora,  tiz.  : 

Water,  and  the  following  elements  in  various  combinations,  phosphorus,  sulphur 
(in  Addition  to  the  quantities  contained  in  the  protein  substances),  chlorine,  fluorine, 
sudiam,  potassium,  calcium,  magnesium,  iron,  silicon. 

There  are  also  consumed  in  food,  either  universally,  or  generally,  or  occasionally, 
certain  bodies  most  of  them  capable  of  oxidation,  but  concerning  which  there  is  much 
dilute,  either  as  to  whether  they  really  are  oxidised  in  the  system,  or  as  to  whether, 
if  oxidised,  their  value  as  ingredients  of  food  is  to  be  measuri'd  by  the  force  given  out 
by  their  oxidation,  or  by  their  action  as  regulators.  Such  are  vegetable  acids,  theinc, 
alcohol,  &C. 

The  food  of  man  also  contains  certain  substances  known  under  the  name  of  condi- 
ments. Since  these  bodies  perform  tlieir  functions  outside  the  r«‘al  body  though 
within  the  alimentary  canal,  they  have  no  bettor  n>ason  to  be  considertnl  us  food  th^ 
has  banger,  optimum  condin^tum. 

Dietetics. 

Crude  experience  teaches  how  to  fonu  such  a mixtnro  of  these  elements  of  food 
as  «LalJ  eusurt- the  well-being  of  the  luiioial,  in  other  words  how  to  construct  a healthy 
diet.  It  is  found  that  when  any  one  alimeulary  principle  is  alone  taken  us  food,  the 
animal  perishes  by  starvation.  Neither  protein,  nor  fat,  nor  starch,  nor  sugar  can  alone 
support  life.  It  is  also  found  that  animals  cannot  be  maintained  in  health  unless 
some  members  of  tlie  group  of  elements  c-alled  regulators  are  present  in  their  fcK>d. 
Hence  the  rule  may  be  laid  down  that  eveiy  good  diet  must  consist  of  two  or  mure 
aliraenttry  principles  combined  with  a selection  of  regulators.  Everj'  known  article  of 
food  fulfils  these  conditions  more  or  less  perfectly.  In  order  to  obtain  from  experience 
more  exact  knowledge  of  the  absolute  and  relative  amounts  of  the  constituents  of  a 
healthy  diet,  recourse  must  be  hud  to  statistical  analysis.  Thus,  taking  man  as  an  ex- 
ample, if  a large  number  of  diets  actually  in  use  among  persons  of  avenige  circum- 
stances cfjllec'tod,  and  the  various  articles  of  food  contained  in  each  be  analysed 
soc*:>rding  to  their  alimentary  principles  and  constituents,  a mean  may  be  drawn  which 
would  rive  a qualitative  and  quautitativo  selection  of  the  chief  factors  for  a normal  diet. 
Thus  Sloleschott  (Phys.  d,  Nahrungsmittel.  s.  216)  gives  as  a normal  daily  diet, 
protein-substance,  130  grms. ; fat,  84  grms. ; starch,  404  grms. ; salt,  30  gnns.  ; water, 
2.800  grms.  Since  no  one  article  of  food  contains  its  alimentary  constituents  in  that 
proportion,  it  is  evident  that  two  or  more  articles  of  fixd  are  necessary  for  a good  diet. 
Another  method  of  formulating  the  results  of  lai^o  experience,  is  to  express  them, 
Dot  in  terms  of  the  alimimtary  p>rinciples  themselves,  but  in  terms  of  the  total  quantity  of 
nitrogen  and  carbon  contained  in  those  principles.  Thus  a certain  amount  of  nitrogen 
represents  a certaiu  amount  of  pirotein,  and  a certain  amount  of  carbon  also  represents 
the  same  amount  of  protein,  plus  a certain  quantity  of  either  fat,  starch,  or  sug-.ir,  &e., 
orof  all  of  them.  In  this  way  Dr.  Edward  Smith  (Sixth  Report  Med.  Ofl!  Privy 
Council)  calculates  that  the  agricultur.d  poor  of  Gnat  Britain  consume  ou  an  average 
420  grms.  carbon,  and  20  grms.  nitrogen  daily,  while  silk-weavers,  nt^edlewomon,  &c., 
only  get  267  grms.  carbon,  and  11  grm.s.  nitrogen.  Since  the  latter  only  just  manage 
to  keep  starvation  from  tiieir  doors  (263  grms.  carbon,  and  12  grms.  nitrogen  daily 
being  the  “starvation  diet’*  suggested  by  Dr.  Smith  in  reference  to  the  Luncashin) 
operetives),  the  diet  of  the  former,  productive  as  it  appears  to  be  of  general  health, 
niAy  fairly  be  taken  as  a normal  diet  Variations,  how'ever,  from  such  a standard, 
uftA-a  extreme  in  character  and  yet  compatible  with  well-being,  are  occasionally 
witnessed.  Thus  Carpenter  (Human  Phys.  p.  46)  remarks  on  the  voracity  of  the 
Esquintiux,  and  quotes  an  instance  of  one  devouring  33  lbs.  of  aliment  mostly  fatty. 
Such  a meal  was  probably  rather  swallowed  than  digested;  but  the  case  of  the 
vojageufs  of  Canada,  who  are  dissatisfiinl  with  rations  short  of  20  lbs.  of  meat  per  diem, 
would  give  a cousumplion  of  280  grins,  nitrogen.  In  the  din  ction  of  a inimuum  the 
author  mentions  an  instance  of  a miller,  who  lived  in  vigour  for  18  years  on 
16ctt.  of  flour  per  diem,  which  would  11^^  grms.  carl'on,  and  6’8  grms.  nitre^en. 
Sixiee  this  miller  drank  no  alcohol,  his  case  somewhat  lessens  the  value  of  an  argu- 
foundt^d  on  the  histories  of  individuals  said  to  have  lived  for  years  on  spirits 
plus  a small  quantity  of  actmd  food. 

Another  method  of  determining  a normal  diet  consists  in  estimating  the  ave  rage 
quantity  of  nitrogen  and  carbon  in  the  urea  aud  carbonic  acid  of  the  egests,  Tlie 
tmeunt  thus  d»*termined  is  first  translated  into  alimentary  principles,  and  thence  into 
xrtielea  of  food.  The  lessons  of  exiK‘rieuco  thus  roughly  analysed,  though  of  course 
Terj*  valuable,  cannot  be  regarded  as  anything  more  than  approximations  lo  truth,  or 
is  bases  for  further  inquiry.  For  instance  they  take  no  account  of  an  exce^nlingly 
rarixble  factor  in  the  matter,  namely  digestibility.  Thus  the  diet  gained  by  calculat- 
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ingback  from  the  egesta  can  only  be  a true  one  when  the  wholeof  the  ingeeta  are  digested, 
which  U probably  never  the  caisc.  So  again  in  the  method  adopted  by  Dr.  £.  Smith, 
it  is  taken  for  granted  that  the  articles  of  food  containing  the  due  nitrogen  and  carbon 
are  either  wholly  digested  or  digested  at  the  same  rates  under  all  circumstances.  Bat 
we  know  that  the  digestibility  of  the  different  alimentary  principles  varies  according  to 
the  nature  of  the  article  of  food  in  which  they  are  presented.  And  not  only  has  each 
article  of  food  an  al)solute  coeflScient  of  digestibility,  but  there  is  every  reason  to 
believe  that  in  a mixture  of  different  kinds  of  food  such  as  forms  an  ordinary  meal,  the 
amount  digested  of  each  constituent  will  vary  according  to  the  proportions  and 
character  of  the  mixture.  Thus  the  presence  of  fat  is  thought  to  assist  the  digestion 
of  starch,  and  the  amount  of  cellulose  digested  by  oxen  varies  according  to  the  amount 
of  other  substances  present  in  the  rations  (Henneberg,  Orouven).  Other  cir- 
cumstances too,  such  as  labour,  rest,  &c.,  materially  an^  digestion  (E.  Smith). 
Hence  the  importance  of  estimating,  not  the  amount  of  food  taken  in  by  the  mouth 
only,  but  that  which  is  really  absorbed  into  the  system  and  which  alone  possesses  the 
virtues  sought  for.  Even  when  the  actual  amount  of  carbon  and  nitrogen  necessary  for  use 
under  average  circunutanccs  has  been  thus  determined,  several  questions  have  to  be 
answered  before  a diet  of  any  practical  use  can  be  fixed  upon.  (Jan  gelatin  supplant 
protein  either  wholly  or  in  part  ? The  labours  of  the  welVknown  commissions  show 
now  difficult  or  rather  impossible  it  is  to  decide  this  from  mere  experience.  Are  fat 
and  starch  mutually  convertible  ? May  a diet  consist  of  all  fat  or  all  starch  in  addi- 
tion to  the  protein?  Is  the  action  of  sugar  the  same  as  that  of  starch?  What 
changes  should  be  made  for  labour?  What  for  fattening?  It  is  evident  that  to 
determine  questions  like  these  from  mere  experience,  with  nothing  but  the  vague  con- 
dition of  well-being  as  a test  of  success,  is  well-nigh  impossible.  For  further  know- 
ledge it  becomes  necessary  to  leave  on  one  side  the  concrete  results  of  experience  either 
with  regard  to  man  or  animals,  and  to  turn  to  the  search  of  the  abstract  laws  govern- 
ing the  conversion  (in  the  animal  body)  of  ingesta  into  effectus  and  egesta. 

OBNBRaL  Laws  op  Kvtritiox, 

Or,  the  laws  according  to  which  material  consumed  as  food  affects  the  composition, 
and  forces  of  the  animal  organism. 

The  older  views  on  this  matter  were  extremely  simple.  Dumas  (E»sai  de  Statiqu€ 
Chimiqu€  drs  itres  oraanisrs)  taught  that  all  the  alimentary  principles  might  bo 
divided  into,  1.  AesimilahU  products^  vis,  protein  substances  and  fattv  bodies  which 
served  by  direct  assimilation,  to  increase  or  renew  the  organs  of  the  body  previously 
wasted  during  the  exercise  of  vital  forces ; and  2.  CombustibU  products^  viz.  sogar  and 
fatty  bodies,  consumed  in  respiration  for  the  purpose  of  supplying  animal  heat,  Liebig 
and  bis  school  proved  that  fat  was  actually  created  in  the  animal  economy  probably 
out  of  the  carlw-hydrates  (Dumas  having  at  first  said,  “L’animal  s'assimilc  done  on 
d^truit  des  mati^res  organiques  toutes  iaites ; il  n'en  cr4e  done  paa,*'  but  afterwards 
supporting  Liebig’s  view);  and  hence,  while  adopting  a similar  division  of  food  into 
**  plastic  and  re.spiratory  **  elements,  a<lded  as  a corollary  that  an  excess  of  ingested 
respiratory  material  not  wanted  for  immediate  use,  might  l>o  stored  up  in  the  body,  not 
as  folly  formed  tissue,  but  as  mechanically  infiltrated  fat.  Since  then,  however,  the 
matter  has  been  the  subject  of  much  exact  inquiir;  and  the  results  obtained  will  be 
best  stndied  by  considering  the  statics,  that  is,  all  that  relates  to  composition,  apart 
from  the  dynamics  which  have  to  do  with  force. 

A.  Statics. 

The  following  is  the  general  form  of  the  problems  to  be  dealt  with.  Given  the  effect 
of  a known  ration  of  food  on  the  total  weight  of  an  animal,  to  determine,  from  an  ele- 
mentary comparison  between  the  ingesta  and  egesta,  how  that  effect  may  be  described 
in  terms  of  the  constituents  of  the  body.  For  this  purpose,  nn  analysis,  proximate  and 
elementary,  of  the  footl  consumed  within  a given  time  is  made ; the  unne  and  fseces 
arc  collecled  and  analysed,  their  elementary  composition  being  directly  determined  if* 
perf(*ct  exactitude  is  required;  the  excretion  by  lungs  and  skin  is  also  estimated  by 
means  of  a “respiration-chamber,'’  and  the  amount  of  oxygen  fixed  by  respiration 
calculated  by  subtracting  the  initial  weight  of  the  animal  plus  its  food  from  the  final 
weight  plus  all  the  egesta  With  what  great  certainty  such  a comparison  may  be 
made  is  seen  from  the  following  table  of  the  observations  made  by  Pettenkofer  and 
Voit  on  a dog,  who  with  a daily  ration  of  1,500  grms.  of  meat  was  neither  materially 
gaining  nor  losing  fiesh. 
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Ingesta  = 1600  grms.  Meat. 


187*8  grms. 

Carbon. 

152*45 

Hydrogen 

< 25*95  in  dry-substance, 
i 126*5  in  water. 

6100 

Nitrogen 

1089-26 

Oxygen 

5 77*25  in  dry-substancc, 

n012‘  in  water. 

19-6 

Salts 

Oayym  fixed 

= 477-2. 

Egesta  in  grms. 

C.rboa. 

Hjdfogen.  Nttrogen- 

Salt.. 

Vrea  . . . . . 

21-6 

7-2  60-4 

28-8 

Other  urinary  constituents 

9-6 

2-5  . . 

16-9 

16-3 

Water  of  urine 

102-6  . . 

820  3 

Dry  Faeces  .... 

4-9 

0-7  0-7 

16 

3-4 

Wat^^r  of  Faeces 

3-2  . . 

26-3 

Carbonic  Acid  of  Perspiration*  . 

146  7 

391-6 

Marsh  Oas  of  Perspiration 
Free  Ilydrc^n  of  Perspiration 

1-2 

0-4 

, , 

1-4 

Water  of  Perspiration 

39-4  . . 

316-4 

To/al  Egesta 

184  0 

157-3  61-1 

1699-7 

19-7 

Total  Ingesta 

187-8 

162-5  61- 

1666-4 

19-6 

Sum  of  Ingesta 
„ „ Egesta 

• 

2011-8  } 

= 34-6. 

And  even  this  Blight  difference  the  obsenvrg  state  might  be  still  further  reduced  by 
hjpothetical  corrections,  for  foces,  of  the  animars  total  weight.  In  all  experiments  of 
this  kind,  the  determination  of  the  real  weight  of  the  animal,  though  apparently  easy, 
is  in  reality  a very  difficult  task,  inasmuch  us  the  total  body-weight  forming  the  basis 
of  the  culcubtions  ought  to  be  that  of  the  body  free  from  fteces,  and  in  most  cases  the 
animal  has  within  him  at  the  time  of  the  initial  weighing  some  of  the  fieces  of  his 
preriou.s  diet,  and  at  the  final  weighing  more  or  less  of  the  feces  formed  out  of  his 
‘‘xpcnmeiital  rations.  In  the  obsen’alion  above  detailed  the  carbonic  acid,  water  of 
perspirttioD,  &c.,  &c.,  were  directly  determined  by  means  of  a complicated  apparatus. 
CHher  inquirers  have  been  content  to  determine  the  carbonic  acid  only,  and  that  from 
time  to  time  during  the  experiment  (Bidder  and  Schmidt),  leaving  the  water  of 
^wpiratioD  for^  calculation,  and  neglecting  the  other  gaseous  excreta  altogether. 
Bischof  and  \ oit  did  not  even  determine  the  carbonic  acid,  but  based  their  calcula- 
tions on  the  ayeru^  thrown  off  by  dogs  according  to  Begnault  and  Reiset 
Ihe  determination  of  the  nitrogen  of  the  egesta  has  been  the  occasion  of  much  dispute. 
In  the  above  observation,  Pett  en  kofer  and  Vo  it  merely  determined  by  Liebig’s  method 
the  of  the  T^ne,  and  considered  the  nitrogen  therein  contained  as  the  only  nitiwen 
excreted.  Against  this  mode  of  procedure,  it  lias  been  urged,  in  the  first  place,  that 
the  urine  certainly  does  contain  small  quantities  of  otliur  nitrogenous  bodies,  to 
creatine,  creatinine,  &c.,  and  may  pos,sibly  contain  them  in  considerable  quantities 
on  particular  occasions.  \ oit  mtiiutains  however  that  Liebig’s  method  gives  a result 
vhich  includes  these  boAes  when  they  are  present,  “ their  nitrogen-equivalent  behaving 
l^ards  the  mercurial  solution  exactly  like  the  nitrogen-equivalent  of  urea,”  Otbej- 
determined  the  uric  acid  as  well  (Ranke),  or  in  herbivora  the  hippuric 
sad  (Henneberg,  Orouven).  It  is  also  urged  that  a certain  quantity,  a small  one 
doubtless,  of  nitrogen  goes  off  in  the  process  of  desquamation  and  depilation.  This 
has  been  approximatiyely  accounted  for  by  some  observers  (Bidder  and  Schmidt, 
Gronven).  Ixistly,  it  is  maintained  that  nitrogen  piisses  off  by  skin  and  lungs  in 
wme  form  or  another  in  considerable  quantity.  While  Regnault  and  Reiset 
^and  evidence  of  only  slight  exhalation  or  absorption  of  nitrogen  by  the  lungs, 
Boussingault  (Mem.  de  Chimie  agncole,  &c.),  in  experimenting  on  turtle-doves  and 
could  only  recover  from  urine  and  feces  about  two-thirds  of  the  total  quantity 
of  nitrogen  taken  in  as  food.  Bnrral,  experimenting  on  human  beings,  came  to  a 
BinnUr  conclusion  ; and  other  observers  have  failed  to  a greater  or  less  extent  in  re- 
wering  from  urine  and  feces  the  nitrogen  of  the  aliment.  More  recently  Reiset 
(Ann.  Ch.  Phys.  1863)  found  evidence  of  considerable  volatile  excretion  of  nitrogen 
in  sheep,  calves,  geese  and  turkey-fowls,  and  to  a small  extent  in  pigs.  To  these  facts 
may  be  added  the  experiments  of  Fiinko  on  the  presence  in  the  perspiration,  of  urea 
in  conridenible  quantities.  On  the  other  hand,  Bidder  and  Schmid  t found  in  cats  the 
whole  of  the  nitrogen  reappearing  in  urine  and  feces,  except  in  case.s  where  there  was 
* ily  tkin  and  lungs. 


Digitized  by  Google 


152 


NUTRITION,  ANIMAL. 

reason  to  tliink  it  had  been  retained  in  the  body.  Hanghton  (Dublin  Quart.  Med. 
J.  1869)  believes  that  the  same  thing  holds  good  with  men,  and  that  Barrel  was 
wrong  in  liis  analysis  of  food.  So  also  Ranke,  who  moreover  found  both  that  a pro- 
fuse sweat  had  no  effect  on  the  nitrogen  of  urine,  and  that  there  was  no  appreciable 
amount  of  nitrogen  to  be  discovered  in  the  sweat.  Hennoberg  holds  apparently  that 
in  oxen  no  decided  amount  of  nitrogen  is  lost  by  lungs  or  skin  (except  as  hairs,  &c.), 
and  Grouven  found  by  direct  estimation,  the  amount  of  ammonia  given  off  by  oxen 
to  bo  exceedingly  small  (|  grm.  per  diem);  he  also  ascertained  that  the  difference 
between  the  nitrogen  of  food  and  that  of  urine  and  faces  was  reduced  to  a very  small 
quantity  indeed  wlien  the  ox  was  fed  for  some  considerable  time  on  rations  whereby 
he  neithergained  nor  lost  much  in  flesh.  Lastipr,  V^oit  (Ann.  Ch.  Pharm.  SuppL  ii.  1863) 
fed  a pigeon  in  tho  same  manner  as  Boussingault  fur  a considerable  time  on  fixed 
rations,  and  found  that  he  could  rt“Cover  out  of  urine  and  all  the  nitrogen  of  the 
food  with  the  exception  of  2'3  p»*r  cent.,  which  moreover  could  be  accounttKl  for  by 
considering  an  increase  which  took  place  in  the  animal's  weight  to  be  an  increase  in 
nitrogenous  material.  Voit  calculated  that  if  only  O ll  grm.  nitrogen  had  been  given 
out  daily  by  the  skin  and  lung^  in  aildition  to  that  contained  in  urine  and  faeces,  there 
would  have  b<*en  none  left  in  the  animal’s  body  at  the  end  of  the  experiment ! Hence 
in  experiments  of  this  kind  the  practice  still  obtains  of  considering  tho  nilrog«'n  of  the 
urea  (with  that  of  uric  and  liippuric  acids  when  present)  as  representing  the  whole 
nitrogen  of  tlie  egosta. 

Having  thus  determined  with  more  or  less  precision  the  amount  and  nature  of  the 
t*gesta,  the  fiooes  mnst  l>e  placed  in  a division  by  themselves,  since  they  represent 
the  pi^rtion  of  food  which  is  not  digested,  not  absorbed  witliin  the  true  body,  which 
tak(*s  no  share  in  the  actions  of  the  economy,  and  must  therefore  be  deducted  from 
the  total  of  food,  the  effect  of  which  is  being  studied.  It  is  quite  true  that  the  fieces 
contain,  besides  undigested  material,  a certain  amount  of  stuff  which  has  been  poured 
into  the  intestine  after  having  fulfilled  its  function  in  the  economy,  and  has  escaped 
resorption  during  its  transit  through  tho  alimentarj*  canal ; but  the  amount  which  has 
thus  undergone  oxidation  is  to  small  that  it  is  generally  disregarded. 

The  next  thing  to  be  done  is  to  determine  what  inference  is  to  be  drawn  from  the 
proj*ence  in  the  true  egosta  (from  kidney,  skin  and  lungs)  of  any  given  element  or 
compound.  What,  for  instance,  does  the  presence  of  nitrogen  (or  urea)  signify  ? The 
nitrogen  arises  doubth'ss  from  some  metamorpho.sis  within  the  body  (metamorphosis 
being  used  as  meaning  chemical  change,  a shifting  of  the  elements  from  one  formula 
into  anotlier,  or  others).  We  may  go  so  fur  as  to  say  that  it  arises  fivm  the  metamor- 
phosis of  some  nitrogenous  material,  which  material  may  further  be  declared  to  be  a 
protein  substance  (or  gelatin). 

But  there  are  in  the  animal  organism  many  different  proteinous  tissues,  and  at 
least  more  than  one  gelntlniferoiLs  substance  (holding  positions  of  variable  importance 
and  value),  each  of  which  might  by  nu-tamorpho.sis  give  rise  to  the  nitrogen  of  tlie  egesta. 
If  we  take  the  very  roughest  analysis  of  the  animal  body,  we  shall  be  obliged  to 
consider,  as  sej>jinite  roUeotions  of  nitrogenous  material,  the  muscular  tissue,  the 
nen'ou.s  tissue,  the  connective  tissue  (including  the  bones),  the  glandular  tissue,  and 
bloo<l,  each  containing  not  only  a form  and  iK>ssibly  several  forms  of  nitrogenous 
material,  but  very  mauy  other  substances  as  well.  And  it  is  evident  that  if  wo  assume 
that  the  presence  of  a given  quantity  of  nitrogen  in  tho  urinft  indicates  the  metamor- 
phosis of  a certain  quantity  of  any  particular  tis.sue(tbat  metamorphosis  not  being  con- 
fim‘d  to  its  nitrogenous  material  alone,  but  embracing  al.so  at  least  all  its  constituents 
that  are  at  all  liable  to  decomposition),  the  total  change  both  as  to  the  composition  and 
the  forces  of  the  body  which  we  are  thereby  enabled  to  predicate,  will  vary  considerably 
according  to  the  tissue  which  we  select,  whether  muscular,  nervou-s,  &c.,  &c.  Such  a 
selection  is  naturally  a problem  of  extreme  difficulty ; indeed  it  has  hardly  yet  been 
attempted  except  in  iv’ference  to  two  points.  In  the  first  place  there  is  every  reason 
to  believe  that  the  amount  of  metamorphosis  natumlly  occurring  in  connective  tissue  is 
exceedingly  small  compart'd  with  that  going  on  in  the  other  nitrogenous  tissues,  Bxact 
information  on  this  score*  is  wanting,  but  the  starvation  experiments  have  shown  that 
the  bones  for  instance  suffer  scarcely  any  loss  during  a long  abstinence  from  food. 
Hence  in  tho  researches  we  are  dealing  wnth,  the  gelatinifcrous  tissues  are  disregarded. 
In  the  next  place,  a distinction  has  b<*en  set  up  betwwm  nitrogenous  material  which  has 
merely  l>ecn  digested  and  absorWd  into  the  blood,  and  nitrogenous  material  which  has 
undergone  tlie  further  process  of  being  converted  or  assimilated  into  actual  tissue  with 
distinct  anatomical  element.^.  For  instance,  a certain  quantity  of  albumin  having 
l>eon  converted  by  the  stomach  into  the  peptones,  enters  the  circulation  and  forms  part 
of  the  nitn>geuous  material  of  the  blood  ; in  due  time  it  escapes  from  the  capillanes 
and  comes  into  cIos<*  connection  with  s<»me  tissue,  say  muscular  fibre,  of  which  it  is 
henceforth  a component  part  (though  how  for  each  cnemical  constituent  of  a muscle 
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b&9  to  do  with  its  histological  features,  the  nuclei,  striie,  &c.,  or  how  far  these  same 
features  share  in  the  general  metamorphosis  of  tho  fibre  is  uncertain).  If  the  albumin 
is  metomorphosod  so  as  to  give  rise  to  urea  while  it  is  still  within  (he  blood,  the 
result  to  the  organism  will  be  very  different  from  what  would  occur  if  the  metamorphosis 
were  deferred  until  the  albumin  had  become  part  and  parcel  of  the  muscular  fibre.  And 
the  same  applies  to  the  other  tissues.  Hence  we  may  speak  broadly  of  two  sources  of 
urea ; one,  metamorphosis  of  digested  food  still  dwelling  in  tho  blood-current,  and 
which,  for  the  sake  of  brevity,  we  may  call  the  metamorphosis  of  Bfaatema  or  modified 
food : the  other,  the  metamorphosis  of  tissue  previously  formed  out  of  Blood,  and  which 
we  may  call  Fhsh,  although  we  embrace  under  that  title  not  muscular  tissue  only,  but 
sTfry  other  kind  of  tissue  that  contains  nitrogenous  material  subject  to  constant  change,. 
According  to  L i e b i g.  B i s c h o f,  V o i t and  others,  the  last  only  is  the  true  expression 
of  the  process  of  the  economy,  Flesh  the  only  source  of  urea.  According  to  Bidder 
iQd  Schmidt  urea  may  arise  both  fri>m  Blastema  and  from  Flesh. 

Having  thus  dotermined  the  source  of  the  nitrogen,  the  analysis  of  the  egesta  may 
be  continaed.  The  metimorphosis  of  Flesh  or  Blastema  (or  botli)  which  accounts  for 
the  nitrogen  will  also  account  for  a certain  quantity  of  carbon,  hydrogen  and  oxygen. 
The  remaining  quantity  may  then  be  inferred  to  result  either  from  the  metamorphosis 
of  a calculable  quantity  of  adipose  ti.«y?ue  (or  Fat)  or  from  the  metamorphosis  of  tho 
hjilrocarlions  or  carbo-hydrates  of  Food  while  still  in  tho  blood-current  (Blastema). 
A comparison  of  the  ingesta  and  egesta  may  then  be  used  as  follows. 

An  excess  of  the  nitrogen  in  the  ingesta  over  that  in  the  egesta  will  bo  regarded  as 
a storing  up  of  nitrogenous  material  w hich  has  escaped  metamorphosis — us  a gain  either 
of  Flesh  or,  if  it  is  possible  to  heap  up  such  matters  in  the  blood-current,  of  Blastema. 
An  excess  of  nitrogen  in  the  egesta  over  that  in  the  ingesta  will  signify  a metamorphosis 
or  c«ui^umption  of  Flesh  over  and  above  the  metamorphosis  of  nitrogenous  material 
contained  in  the  food  (or  its  equivalent  in  flesh),  and  therefore  may  be  regarded  as  a 
loss  of  flesh.  Supposing  there  to  have  been  during  the  period  of  experimentation  a total 
gain  a and  a gain  of  Fleshy  a;  f ~ a will  then  remain  as  thoexpri^ion  of  the  gain  in 
hit,  water,  or  l>ot[i  «=  A + c.  The  excess  of  carbon  in  the  egesta  over  that  in  the 
ingpsta  minus  the  elements  required  for  the  gain  in  Flesh,  may  then  be  used  for 
ctlcttUting  the  gain  in  Fat  = h.  The  retained  water  may  then  l>e  calculated  from 
the  equation  t — a — h *»  c,  and  ought  ab»o  to  be  represented  (if  a complete  analysis 
of  both  inge.sta  and  (^esta  has  been  made)  by  the  amount  of  oxygen  and  hydrogen 
remaining  in  the  excess  of  egesta  after  (lie  subtraction  of  the  elements  required  for  tho 
pain  of  Flesh  and  Fat.  When  there  is  a total  loss,  or  special  loss  of  any  of  these  three 
chief  constituents,  the  sign  in  the  equations  must  be  altered  accordingly.  As  was 
stated  above,  Bischof  and  Voit  made  no  complete  analysis  of  the  egesta,  but  contented 
themselves  with  determining  tho  nitit^en  as  urea  and  calculating  out  tho  carbon  of  the 
fgesU.  as  an  index  for  gain  or  loss  in  fat,  from  previously  determined  averages  of  the 
carbonic  acid  exhale<l  and  units  of  heat  thrown  off  by  the  dog.  It  is  evident  that 
such  calculations  leave  margins  for  very  con.^-idenible  errors,  and  a comparison  between 
the  theoretical  results  of  Bischof  and  Voit,  and  tho  actually  observed  results  of 
Pettcakofer  and  V'oit  unth  tht  saim  shows  how  important  such  errors  may  be. 

The  opinion  that  the  nitrogen  of  the  egesta  when  food  is  taken  arises  from  the 
metamorphosis  of  both  flesh  and  blood  is  upheld  by  Bidder  and  Schmidt.  These 
observers  determined  the  exert^ta  in  a cat  for  a period  of  eighteen  days,  during  which 
BO  food  at  all  was  taken,  and  the  whole  nitrogenous  metamorphosis  referred  therefore 
to  flesh  alone.  The  following  table  gives,  reduced  for  each  24  hours  to  1 kilogrm.  of 
the  Weight  on  that  day,  the  excretion  of  urea  and  carbonic  acid,  and  also  the  amount 
offatanddry  Ditrogenous  protein  maUrial  (not  flesh)  calculated  to  have  undei^one 
melxmorphosis : 


D.y. 

Urfii, 

Carbonic  acid. 

Protein. 

Fit. 

Dar. 

Urea. 

Carbonic  acid. 

Protein. 

Fat. 

1 

3-437 

20  68 

994 

1-76 

10 

1-907 

22-46 

6-78 

4-66 

2 

2-298 

20-61 

7-13 

3-30 

11 

1-723 

22-09 

6-34 

4-84 

3 

1-SS7 

21-57 

6-85 

4-34 

12 

1-648 

23-13 

6-12 

6-34 

4 

1-732 

20-74 

6-37 

4-33 

13 

2 166 

23-61 

6 71 

4-66 

5 

2-227 

20-61 

6-90 

3-41 

14 

2 224 

23-65 

6-90 

4-43 

6 

2-133 

20-94 

6-61 

3-67 

15 

2-062 

23-96 

6-36 

4-87 

7 

1 968 

20-69 

6-10 

3-86 

16 

2-154 

23-28 

0-68 

4 44 

8 

2-091 

20  79 

6-61 

3-72 

17 

1-216 

21-45 

3-77 

6-42 

9 

2-263 

21  89 

7-02 

3-89 

18 

0-597 

17-57 

1-86 

6-15 

It  will  be  observed  that  if  the  two  first  and  two  last  days  be  omitted  (and  the  influence 
of  prerious  food  on  the  one  hand  and  of  dying  on  tho  other  be  thus  eliminated)  the 
amount  of  urea  and  of  carbonic  acid  exoret«*<l,  and  «>f  protein  and  fat  metamorphosed  per 
hil'Jgmmme  per  diem  is  remarkably  constant.  The  total  quantity  of  nitrogen  excn*tod 
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daring  the  whole  period,  30'807*grm8.  bespoke  204'43gnDS.  protein  material  (calcolatedas 
dry  muscle  free  from  fat),  containing  102  24  grms.  carbon,  which  deducted  from  the 
total  amount  of  carbon  excreted,  viz.  205*96  gnna,  gave  103*72  grms.  carbon,  an  equivs' 
lent  for  13275  grms.  pure  fat  (not  adipose  tissue).  The  total  loss  in  weight  was  1264*8 
gnna,  which  leaves  927*62  grms.  for  the  loss  in  water  and  salts.  An  anal>*8is  of  the 
dead  body,  compared  with  an  analysis  of  another  eat  very  closely  resembling  what  the 
dead  one  was  at  the  commencement  of  the  experiment,  gave  a probable  loss  of  1020 
grms.  water,  and  306  grms.  dry  material  of  which  about  130  grms.  was  fat,  and  thus 
afforded  a fair  corroboration  of  the  theoretical  deductions.  On  feeding  a cat,  however, 
on  such  a quantity  of  flesh  that  for  nine  days  it  neither  gained  nor  lost  weight  to  any 
great  extent,  they  found  the  daily  excretion  per  kiI<^rammo  per  diem  to  be 

Urea  ....  2*958  Carbonic  acid  . 20*322; 

when  it  was  forced  to  eat  as  much  as  possible,  the  excretion  per  kilogramme  per  diem 
was 

Urea  ....  5*152  Carbonic  acid  . . . 34*877. 

Another  cat  left  to  feed  ad  libitum  gave  per  kilogramme  per  diem 

Urea  . . • . 7*663  Carbonic  acid  . . 84*164. 

Bidder  and  Schmidt  drew  from  their  results  the  conclusion  that  the  total  metamor* 
phosis  of  any  given  animal  is  dependent  on  two  circumst.*inces,  or  is  a function  of  two 
factors,  one  constant,  the  other  variable.  The  constant  is  the  typical  metamorphosis 
exhibited  during  hun^r,  shown  so  clearly  for  the  cat  in  their  sturvation«experimerit, 
a metamorphosis  render^  necessary  for  the  production  of  heat  and  the  other  vital 
forces,  the  amount  being  determined  by  the  species,  age,  bulk,  &c.,  of  the  animal.  The 
variable  is  the  food  ^en  for  the  time  ^ing.  \^en  the  food  taken  is  only 
sufficient  to  cover  the  waste  caused  by  the  typical  constant  metamorphosis,  all  the 
excreta  may  be  inferred  to  have  arisen  from  the  metamorphosis  of  flesh.  When, 
however,  a surplus  of  food  is  taken,  then  part  of  the  excreta  is  due  to  metamorpho- 
sis of  blastema.  Thus  when  a surplus  of  meat  was  consumed  by  the  cat,  a certain 
portion  entered  in  a state  of  flesh,  replacing  a certain  quantity  whose  nitrogen  appeared 
in  the  egesta  under  the  form  of  urea  as  the  representative  of  the  “con.slant  ” inetH- 
morphosis ; the  rest  was  split  up  in  the  blood  into  a nitre^enous  and  hydrooar- 
bonous  portion.  The  nitrogenous  portion  was  at  once  thrown  off  us  urea,  A certain 
amount  of  the  bydrocarbonous  portion  then  either  entered  the  body  as  fat  in  order  to 
supply  the  waste  caused  by  the  “constant  metamorphosis"  necessary  to  produce  the 
typic^  amount  of  carbonic  acid,  or  what  amounts  to  the  same  thing,  was  metamor- 
phosed at  once  in  tho  blood  in  order  to  produce  that  amount  of  carbonic  acid,  and  so 
saved  tho  fat  of  the  body  from  consumption.  If,  after  the  performance  of  this  duty, 
any  of  the  bydrocarbonous  portion  still  remained,  it  too  was  metamorphosed  or  oxidis^ 
within  the  blood,  limiUUion  being  made  for  the  quantity  of  oxygen  present.  The 
quantity  of  nitrogenous  material  thus  metamorphos^  directly  in  the  blood  and  thrown 
off  as  urea,  was  designated  by  Bidder  and  Schmidt  Uie  “ Luxus-eom«umption."  It  is 
naturally  very  high  with  a diet  of  pure  flesh,  a large  amount  of  albumin  requiring 
to  be  split  up  in  order  to  supply  tho  necessaiy  quantity  of  carbonic  acid.  It  is 
reduced  by  the  addition  of  hydroc^bons  or  carbohydrates  to  the  food,  and  hence  is 
more  marked  in  carnivora  than  in  herbivora. 

This  view  of  Bidder  and  Schmidt’s  is  moreover  supported  b^  the  fact,  agreed  to  by 
nearly  all  observers,  that  the  amount  of  urea  in  the  urine  increases  very  consider- 
ably within  a few  hours  alter  taking  food.  It  is  thought  highly  improbable  that  in  so 
short  a space  of  time  tho  food  should  have  actually  been  transformed  into  tissue. 
According  to  Dr.  E.  Smith,  however,  this  post-cibum  rise  of  urea  is  not  so  marked  as 
other  observers  have  taught,  especially  when  tho  hourly  variations  in  the  quantity  of 
urea  which  occur  during  hunger  are  taken  into  consideration.  Besides  which  it  must 
be  remembered  that  we  do  not  at  all  know  either  bow  rapid  the  changes  in  living  flesh 
may  be,  or,  as  was  observed  above,  how  far  the  anatomical  elements,  the  formed  solid 
portions  of  the  tissues,  for  in  them  lies  the  difficulty,  take  part  in  those  changes. 

Another  argument  for  the  luxus-consumption  is  drawn  from  the  experiments  of  Dr. 
Hammond,  who  found,  with  a purely  albuminous  diet,  great  increase  of  urea  with 
great  loss  of  strength.  But  to  this  it  may  be  answered  that  the  exact  relation  between 
nitrogenous  metamorphosis  and  the  production  of  vital  force  is  not  yet  fully  established  ; 
that  it  is  quite  possible  that  excessive  metamorphosis  of  even  muscular  tissue  should 
take  place,  and  yet  the  force  so  liberated  not  take  on  the  form  of  muscular  power ; and 
moreover,  that  urea  need  not  necessarily  be  assumed  to  arise  from  muscular  tissue  alone, 
but  might  be  supplied  from  all  tho  formed  tissues  which  we  have  classed  together 
under  the  head  of  flesh.  The  phenomena  of  the  disease  called  Diabetes,  agjrin,  offer 
several  important  lessons  on  this  po\pt.  Thus  Ringer  (Mod.  Chir.  Trans,  xliii.) 
having  observed  in  that  malady,  during  hunger  as  well  as  iifter  a non-amylaccous  meal. 
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a eoQSUnt  ratio  between  the  amount  of  sugar  and  of  urea  present  in  the  urine,  naturally 
ioft*n  the  existence  of  a common  source  for  both ; and  finding  reasons  for  belieTing 
that  the  sugar,  at  least  in  some  forms  of  diabetes,  comes,  not  from  the  tissues  generally, 
but  from  the  liyer  in  particular,  argues  that  the  urea  comes  from  the  same  organ  too, 
both  perhaps  arising  from  a splitting  up  of  protein  substance.  Haughton  also  sup- 
ports the  same  riew.  But  the  theory  of  a luxus-consumption  requires  that  the  urea 
sboold  not  come  from  a metamorphosis  of  the  liver,  but  of  the  blood,  or  rather  of  tho 
blactems^  as  it  passes  through  the  liver.  And  these  two  things  have  not  been  held 
sufficiently  distmct.  The  basis  of  Bidder  and  Schmidt’s  views  was  the  constant  ratio 
cf  urea  to  body-weight  which  was  maintained  during  the  whole  of  the  starvation- 
experiment.  The  truthfulness  of  the  result  has,  however,  been  impugned  by  the  obser- 
Tsfioos  of  B i 8 c h 0 f and  V o i t.  They  submitted  a dog  to  a hunger-experiment  on  five 
difierent  occasions : — 1.  After  a very  rich  meat  diet. — 2.  After  a meat-diet  decreasing 
squally  in  amount,  the  last  day’s  diet  being  178  grms.  meat — 3.  After  a very  rich 
diet  of  1,800  grms.  meat  and  250  grms.  fat  daily  for  7 days. — 4.  After  several  days  of  a 
diet  of  176  grms.  meat  and  from  50-250  fat  daily. — 5.  After  being  fed  for  several  days 
with  meat  decreasing  from  700  grms.  to  150  grms.  daily,  and  variable  quantity  of  fat, 
sod  for  the  last  two  days  on  about  350  grms.  fat  only.  The  following  table  shows  the 
uDOtint  of  urea  excret^  per  kilogramme  per  diem,  for  each  day.  The  duration  of  each 
experiment  varied  considerably. 

No.  1.  No.  3.  No.  3.  No.  4.  No.  5. 

First  day  . . . *72  gnn.  -52  grm.  *92  grm.  *34  grm.  *14  grm. 

Second  day  . . . *77  „ *52  „ *55  „ 

Third  day  . , . *70  „ *49  „ *42  „ 

Fourth  day  • . . *64  „ *38  „ 

Fifth  day  . . . *42  „ *33  „ 

Sixth  day  . . . *49  „ *33  „ 

Seventh  day  ....  '32  „ 

The  excretion  of  urea  per  kilogramme  per  diem  for  the  last  two  days  of  the  diet  in 
each  case  was  — 

Last  day  but  one  < . 3*94  grms.  *81  grm.  3*18  grms.  *74  grm.  *36  grm. 

Last  day  . . . 3*99  „ *78  „ 3*22  „ *65  *35  „ 

From  these  figures  it  is  clear  that  there  was  in  the  case  of  this  dog  no  constant 
ratio  of  urea  to  body-weight  at  all.  It  is  true  that  in  none  of  the  experiments  was 
the  period  of  inanition  so  prolonged  as  in  Bidder  and  Schmidt’s  experiment,  and 
ther^ore  the  possible  effect  of  food  still  contained  in  the  body  not  so  thoroughly 
eliminated.  But  in  the  cat  the  constant  ratio  was  reached  on  the  second  or  at  furthest 
the  third  day,  and  in  the  dog  the  amount  of  urea  passed  during  tho  two  days  preceding 
inanition,  shows  that  in  no  case  could  the  urea  of  the  second  or  even  first  day  of 
hunger  be  supposed  to  hare  arisen  to  any  great  extent,  directly  from  the  food  of  the 
previous  days.  Bidder  and  Schmidt  believed  the  typical  amount  of  urea  passed  during 
stairation,  bespeaking  the  typical  amoaut  of  nitrogeneous  tissue  undergoing  metamor- 
phosis, to  be  determined  by  the  typical  amount  of  vital  force  necessary  for  the  susten- 
ance of  life.  The  immense  difference  between  *92  and  *14  occurring  in  the  same 
animal  with  surrounding  circumstances  nearly  the  same,  and  therefore  most  pro- 
bablj  with  the  same  demand  for  the  exercise  of  tho  forces  of  life,  shows  very  clearly 
that  the  amount  of  metamorphosis  ought  not  be  considered  as  depending  solely  on  tho 
call  for  the  manifestation  of  vital  energy.  But  if  so,  tho  idea  of  the  typical  amount  of 
urea  mmit  be  thrown  on  one  side,  and  consequently  the  theory  of  the  luxus-consumption 
deprived  of  its  base.  On  the  other  hand,  if  we  reflect  that  in  series  Nos.  1 and  3 the 
dog  had  lived  for  some  time  on  a diet  afrerwards  determined  to  bo  veiy  effectual 
towards  the  storing  up  of  nitrogenous  material,  in  No.  2 on  a diet  less  effectual  for  that 
purpose,  in  Nos.  4 and  5 on  one  still  less  so,  and  that  therefore  the  amount  of  nitrogen- 
ous material  or  fiesh  in  the  body  of  the  animal  at  the  commencement  of  each  hanger 
experiment  might  be  placed  in  a lessening  series  in  the  order  No.  3,  No.  1,  No.  2,  No.  4, 
No.  5, — the  results  obtained  by  Bischof  and  Voit  might  fairly  be  interpreted  as  meaning 
that  the  amount  of  urea  excreted  per  diem  depends  directly  on  the  amount  of  nitrogen- 
ous material  stored  up  in  the  animal  as  fiesh.  The  contradiction  between  tho  two  sets  of 
obwrvations,  between  the  facts  of  Bidder  and  Schmidt’s  cat,  and  those  of  Bischof  and 
Vqit’s  dog,  requires  explanation  ; but  unless  there  arc  serious  errors  in  the  actual  deter- 
minations of  the  latter,  it  is  difficult  to  escape  from  the  conclusion  that  all  the  nitro- 
griwiis  material  taken  in  as  food  does  become  part  and  parcel  of  the  body,  is  really 
awmilated  into  fiesh  (using  that  word  in  the  general  sense  defined  above,  and  not 
limiting  it,  as  Bischof  and  Voit  appear  to  do,  to  muscular  tissue)  before  it  undergoes 
met^orphosis  into  urea,  and  that  one  of  the  principal  laws  of  nutrition  is  that  tlie 
amount  of  metamorphosis  of  flesh,  taking  place  in  the  body  at  a given  time,  depends 
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directly  npon,  in  other  vonls  is  a function  of,  the  amount  of  flesh  therein  present.  The 
validity  of  this  conclusion  is  assumed  in  all  HUchof  and  Volt's  subsequent  iores(iga> 
tions,  and  thus  forms  the  basis  of  their  other  results,  wliich  are  as  follows.  It  will 
be  rememWred  that  these  obsen'ers  have  left  room  for  errors  by  not  determining 
directly  the  carbon  of  the  egcsta.  Their  practice  of  always  reckoning  the  nitrogenous 
material  of  the  body  as  wet  muscle  only  leads  also  in  all  probability  to  additional 
inaccuracies,  and  throughout  the  whole  of  their  researches  an  element  of  uncertainty 
is  introduced  through  variations  in  the  nutritive  power  of  the  animal,  both  as  regards 
character  and  amount,  caused  by  the  diet  itself,  and  well  seen  when  a change  is  made 
from  one  kind  of  food  to  another.  Thus  with  the  same  rations,  viz.  1,800  grms.  meat, 
the  dog  on  one  occasion,  after  living  for  the  previous  forty  days  on  bread,  gainini  in 
bodily  weight  at  the  rate  of  less  than  1 grm.  per  kil.  per  diem ; at  another  time,  after 
three  days’  hunger  following  an  insufficient  meat  diet,  he  gained  at  the  rate  of  over  2 
grms.  per  kil.  per  diem ; on  a third  occasion,  after  a long  suspension  of  the  experi- 
ment, during  which  be  lived  after  the  manner  of  dugs  in  general,  be  lost  at  the  rate 
*66  grm.  per  kil.  per  diem. 

The  first  series  of  experiments  were  made  with  a diet  of  moat  alone.  The  first  and 
chief  etlect  of  meat  taken  its  lood,  was  a rise  in  the  amount  of  urea,  that  is  to  say  an 
incre  ase  in  the  metamorjihosis  of  flesh.  Supposing  that  at  the  time  of  giving  the  food, 
the  dog  was  already  ill-fed  and  losing  in  b^ily  weight,  the  eflfect  of  a small  quantity 
of  meat  was  such  an  increase  in  the  metamorphosis,  that  the  animal  stored  nothing  up 
but  continued  to  lose  in  weight.  An  increase  of  the  meat  ration  similarly  increased 
the  mefamorj>hosis  and  similarly  permitted  the  loss  in  weight.  A further  inervase 
acted  in  the  same  way.  But  this  w'as  oljserved,  tliat  with  a succession  of  ccpial  incre- 
ments of  food,  the  increments  of  metamorphosis  successively  diminished.  IJcnce,  by 
continuing  the  incn*ase  of  food,  a limit  was  at  lost  reached,  at  which  the  increase  of 
m**tamoq)hosis  ceased.  The  nnimal  might  then  be  said  to  be  in  a condition  of  tHjuili- 
brium,  the  ingesta  and  ogesta  Istlancing  each  other.  Such  a state  of  things  was 
established  in  Bisohof  and  Volt's  dog  only  when  the  amount  of  meat  consumed  as 
food  was  equal  to  about  to^j  of  the  total  weight  of  the  animal.  Beyond  tliat  point 
an  increase  of  food  was  stored  up  as  iucrtyise  of  bodily  weight.  But  in  a very 
short  time  after  such  a gain  in  weight,  the  totality  of  the  proct*sses  of  the  economy 
accommodated  themselve.stoth<>  new  state  of  things,  to  the  increasc-d  mass,  and  thereby 
gave  rise  to  an  increase  of  metamorphosis.  To  suj>ply  this  increase  of  nietumorplioais 
a further  increase  of  food  was  rcqiiinHj,  and  so  another  equilil»riura  was  e9tuUishi*d  on 
a higher  platform,  so  to  speak,  of  waste.  On  still  further  addition,  the  same  pnx'css 
was  gone  through  again,  until  the  nnimal  refiwed  to  eat  the  requirtnl  quantity  of  food. 
I/>ss  of  Weight  of  course  then  occurred,  with  a reduction  of  the  equilibrium  lo  a lower 
level. 

The  cause  of  the  successive  diminution  in  the  increments  of  metamorphosis  caused 
by  successive  augments  of  the  food,  is  to  be  sought  for  in  the  approximutively  con.^tant 
quantity  of  oxygen  prcs<'nt  in  tlic  blood  for  the  puqwst's  of  oxidation.  We  have 
therefore  three  things  to  notice.  First  an  amount  of  metamorphosis  pro|»er  to  the  flesh. 
Secondly,  an  increase  in  metamorphosis  due  to  the  presence  of  foi>d.  Thirdly,  a 
government  of  the  metamorphosis  by  the  oxygen  of  the  system.  In  other  words,  the 
metamorphosis  is  a function  of  three  factors — one,  a constant  (orapproximatively  such), 
the  other  two,  variables — viz.  Oxygen,  Flesh,  and  Food,  or  as  Bischof  calls  it,  Plasma, 
Blastema.  The  next  series  of  exjHTiments  was  conducted  with  meat  and  fat,  and  with  fat 
alone.  It  was  found  that  the  addition  of  fat  to  a moat  diet  affected  the  hotly  in  two 
diflferent  ways.  On  the  one  hand,  fat  not  only  did  not  prevent  by  its  presence  that 
increa.se  of  metamorphosis  wliieh  had  previously  been  observed  to  foQow  upon  an 
increase  in  the  quantity  of  meat  consumed,  but  was  itself  a cause  of  incroiise,  inos- 
iimch  as  it  added  to  tlie  mass  and  internal  lulwurof  the  economy.  On  the  other  hand, 
apparently  fix»m  its  greater  readiness  for  oxidation,  it  preoccupied  the  oxygen  of  the 
system,  and  so  sheltered  the  flesh  from  oxidation  and  metamorphosis.  Hence  the 
addition  of  fat  lo  meat  as  food  lowered  the  platform  at  which  metamorphosis  was 
arrcslt*d  for  want  of  oxygen  and  an  equilibrium  established.  One  third  or  one  fourth 
only  of  a quantity  of  meat  required  for  an  equilibrium,  when  meat  alone  was  given, 
was  ne^Kled  when  fat  was  add<>d  to  it. 

.Sugar  and  starch  were  found  to  act  very’  much  in  the  same  way  as  fat,  except  that, 
apparently  by  rea.'^on  of  the  greater  facility  for  oxithtfion  {>os»e8S(Hi  by  sugar,  equili- 
brium was  esiabli.shed  with  even  a b-ss  c;X|>enditure  of  meat  than  was  the  case  with 
fat.  A similar  couclu.sion  maybe  drawn  from  the  results  of  the  system  of  Mr.  Banting. 
The  exi>erinieuts  of  H onn  eberg  and  S tollman n on  oxen,  conducted  in  a very’  similar 
manner  to  those  of  Bischof  and  Volt,  the  carbon  of  the  egcsta  being  calculated,  not 
diri'clly  determined,  are  inUT«*8ting  as  showing  that  the  herbivom  arc*  subject  to  the 
«.inic  laws  of  nutrition  as  the  earnivoni.  These  olistTvers  found  that  in  the  ox  the 
niet4morj)hosis  was  a function  of  the  flesh ; that  it  was  inci'caaed  with  an  incrcHSo  of 
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proti»in>8iibfltance  in  the  food,  the  incremrnt  of  the  met^imorphoeis  succesmvely  diminish- 
ing, howerer,  with  successive  increaso  of  protein  food,  so  that  at  last  an  equilibrium  was 
established  ; tliat  the  addition  of  non-nitrogonous  material  to  the  food  loweretl  in  pro- 
jortion  to  it«  amount  the  quantity  of  protein-substance  nc*cessary  for  the  establish- 
ment of  that  equilibrimn  or  forthc  st<»ring  up  of  bodily  weight.  As  might  be  expected, 
the  amount  of  protein-substance  necessary  for  an  equilibrium  under  any  circumstances 
was  far  less  than  that  required  by  the  dog. 

Man,  standing  so  to  speak  between  camirora  and  herbivom,  has  been  studied  by 
Kanke  with  Tcry  simiL^  results  (Ranke  in  many  of  his  experiments  directly  deter- 
mined the  carbon  of  egesta  in  Pettenkofer  s apparatus).  He  also  found  that  the  meta- 
morphosis was  a function  of  the  flesh  of  the  body,  that  it  was  also  a function  of  the  fo«x) 
or  BlasteniH,  being  largely  increased  by  a meat-diet.  Contrary,  however,  to  tlie 
experience  touching  the  dog,  he  was  unable  to  reach  an  equilibrium  when  feeding  on 
meat  alone.  While  eating  the  largest  amount  of  meat  possible,  viz.  1,800  gnus.,  he 
still  lost  weight.  He  moreover  found  that  the  addition  of  fat  or  starch  to  food,  rendered 
easy  the  es$tablishment  of  an  equilibrium.  The  concordance  of  the  results  of  these 
different  observers  speaks  strongly  for  the  probable  correctness  and  worth  of  these 
**  laws  of  nutrition.” 

In  the  above  statement,  metamorphosis  generally,  and  metamorphosis  of  flesh,  liave 
been  us<*d  indiscriminately  on  the  ground  that  the  latter  is  really  the  chief,  central  and 
determining  part  of  the  whole.  It  remains  to  determine  how,  when  equilibrium  has 
been  established,  and  a storing  up  commenced,  the  elements  of  flesh,  fat  and  water  are 
distributed  in  the  increase:  similarly  also  how  they  are  relattnl  to  each  other  in  a 
decrease  when  that  occurs.  The  conclusions  arrive^l  at  when  the  carbon  was  calculated, 
instf'ad  of  being  observed,  must  of  course  be  received  with  caution. 

According  to  Bischof  and  Voit,  when  an  animal  is  ill-fed  with  meat,  ho  loses  not, 
only  flesh  but  also  fat  from  his  body.  With  an  increasing  diet  of  meat,  and  accom* 
paoying  increase  of  metamorphosis,  the  loss  of  fat  lessens,  and  finally  ceases  with  the 
establishment  of  equilibrium.  Pettenkofer  and  Voit  have  moreover  shown  that 
with  a rich  meat-diet,  when  there  is  a balance  between  the  nitrogen  of  egesta  and 
ingesta,  there  is  most  probably,  judging  from  the  retention  of  carbon,  a very  conside- 
rable storing  an  of  fat.  The  Siimo  result  was  also  arrived  at  by  Bidder  and  Schmidt. 
It  is  only  intelligible  on  the  hypothesis  that  the  metamorphosis  of  flesh,  like  Bidder 
and  Schmidt's  metamorphosis  of  blastema,  consists  in  the  splitting  up  of  protein 
into  a nitrogenous  and  a hydrooarbonous  portion.  Ranke,  on  the  contrary,  found  that 
with  the  largest  meat-diet  possible,  he  still  consumed  fat  while  he  stored  up  flesh,  with 
a total  result  of  loas  in  weight  owing  probably  to  a giving  off  of  water.  The  addition 
of  fat  to  food  naturally  lessened  the  consumption  of  the  fat  of  the  body,  if  in  sufficient 
quantity,  arrested  it  or  even  led  to  a storing  up  of  fat.  It  was  also  found  that  when, 
with  a given  quantity  of  fat,  the  amount  of  meat-food  was  puslnnl  >>eyond  what  was 
necessary  for  an  equilibrium,  and  the  flesh  of  the  body  consequently  increased,  with  a 
proportionate  increase  of  metamorphosis,  such  an  excess  of  nitrogenous  material  under- 
going metamorphosis  was  at  Inst  arrivt*d  at,  that  it  preoccupied  the  oxygen  of  the 
system  to  the  exclusion  of  the  fat.  The  fat  of  the  body  was  n’tained  and  that  of  the  food 
stored  up  in  piv^nce  of  a large  unnecrss.iry  nitrogenous  metamorphosis.  The  same  result 
was  also  obtained  by  Henneberg,  and  illustrates  the  usebnjsness  of  attempting  to  in- 
crease the  casein  of  milk  by  giving  protein-food  beyond  a certain  limit.  Bischof  and 
Voit  found  sugar  and  starch  also  to  spare  the  consumption  of  fat,  but  the  dog  was 
found  unable  to  digest  such  a quantity  of  sugar  as  might  be  supposiKl  sufficient  to  cover 
the  total  waste  in  fat  and  lead  to  a storing  up  of  it.  Henneberg  however  found  that 
this  was  extremely  easy  in  the  ox,  a fact  which  has  been  largely  shown  by  the 
researches  of  Lawes  and  Gilbert.  These  last  observers  indeed  found  the  storing  up 
of  fat  to  form  so  large  a share  of  the  total  result  of  the  general  feeding  of  animals  for 
the  butcher,  that  they  were  led  to  consider  butcher’s  meat  in  its  tot&lily  not  as  nitro- 
genous but  as  hydrocarbonous  food.  Their  results  have  a peculiar  value  inasmuch  as 
they  were  obtained,  not  by  calculating  back  from  the  excreta,  but  by  the  actual  analysis 
of  several  typical  specimens,  and  by  numerous  determinations  of  weight  serving  as 
data  for  comparisons.  The  effect  of  ordinary  fattening  food  upon  the  flesh,  flit 
and  water  of  the  bodies  of  oxen,  sheep  and  pigs  is  illustrated  by  the  following  table; 

Calculaii  d composition  of  100  increase  whilst  fattening. 


Mineral  Dry  nitmeenous 
mauer.  rompoumii. 

F.l. 

Total  dry 
■ubtUtice. 

Average  for  98  oxen 

. 1-47 

7-69 

66-2 

75-4 

Average  for  348  sheep  . 

. 2-34» 

713 

70-4 

79-9 

Average  for  80  pigs 
A fat  pig  actually  analysed 

. 006 

6-44 

71-5 

780 

. -53 

7-76 

631 

71-4 

* Too  high  owing  to  foreign  matteri  In  wool. 
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The  T«lfttion  between  the  amount  of  metamorphoina,  and  consequently  of  the  storine  up 
or  increase,  and  the  Tarioua  elements  of  the  food,  was  thuA  found  to  be  as  follows.  With 
sheep,  the  amount  of  dry  nitrogenous  material  stored  up  in  the  body  for  every  100  pts. 
of  the  same  consumed  as  food  was  on  the  average  4*41 ; of  non-nitrogenous  material, 
that  is  fkt,  stored  up  for  every  100  pts.  of  non-nitn^enous  substance  consumed  as  food, 
the  quantity  was  9*4,  the  remainder  in  each  case  being  either  not  digested,  or  lost  in 
metamorphosis.  With  pigs  the  numbers  were  7*34  and  21'2  respectively,  the  largeness 
of  the  numbers  being  due  in  part  at  least  to  the  pigs’  food  being  more  digestible.  The 
Mime  facts  may  be  placnl  in  another  light.  Thus  with  sheep,  for  every  KIO  pts.  of 
the  total  dry  matter  of  food  (mostly  oil  cake  and  clover)  there  were  stored  up  *72  of  dry 
nitrogenous  material,  7*13  of  fat,  and  *02  of  mineral  matter;  91*94  being  lost  in  diges- 
tion or  in  metamorphosis.  With  pigs,  feeding  on  bran,  beans  and  meal,  the  numbers 
were  1*44,  16*81,  *02,  82*73  respectively.  It  is  worthy  of  notice  that  these  independent 
observations  may  be  interpreted  as  agreeing  very  closely  with  the  general  results 
described  above,  namely  that  increase  of  nitrogen  means  increase  of  metamorphosis, 
and  that  an  amount  of  nitrogen  in  fattening  food  l>eyond  a certain  limit  does  not 
end  in  storing  up  of  flesh,  but  in  an  augmentation  of  nitrogenous  metamorphosis  with 
lessened  waste  of  fat  That  fat  was  actually  formed  in  the  body  is  clearly  shown  by 
the  fact,  that  for  100  pts.  of  fat  as  such  consumed  in  food,  from  406-472  pts.  of  fat 
were  stored  up  as  increase.  No  marked  diflerence  was  observable  between  sugar  and 
starch  as  fat-storing  constituents  of  food. 

Bischof  and  Voit,  experimenting  with  gelatin,  found  that  a large  addition  of  that 
substance  to  a meat-diet  led  to  a storing  up  of  flesh  but  a waste  of  fat,  when  the 

?[uautiTy  of  meat  consumed  with  the  gelatin  was  such  that  either  with  it  alone  or  with 
at  besides  there  was  no  storing  up  of  flesh.  It  was  hence  inferred  that  gelatin  really 
does  to  a certain  extent  take  parr  in  the  metamorphosis  of  flesh,  and  does  not  simply 
shelter  the  flesh  by  preoccupy ing  the  oxygen  after  the  manner  of  fat.  So  large  an  amount 
of  gelatin,  however,  was  necessary  for  this  purpose  as  to  explain  why  animals  fed  on 
gelatin  alone  could  not  thrive. 

Our  knowledge  of  the  history  of  each  alimentary  principle,  as  it  passes  through  and 
among  the  metamorphoses  sketched  above,  is  necessarily  very  imperfect,  and  will  be 
more  fitly  put  in  the  way  of  question  than  of  statement.  Wnat,  for  instance,  is  the  history 
of  sugar?  Is  it  absorbed  into  the  blood  and  at  once,  if  required,  oxidised?  If  the 
surplus  is  stored  up  as  fat,  how  does  it  become  fat?  Is  the  fat  which  is  stored  up  by 
reason  of  the  presence  of  the  surplus,  really  and  truly  that  same  sugar  exchanged  into 
fat,  or  did  the  sugar  step  into  a metamorphosis,  and  by  a sacrifice  of  itself  turn  off  in 
fat  certain  elements  which  would  otherwise  have  followed  another  path  ? Questions 
such  as  these  pertaining  to  each  alimentary  principle  spring  up  in  abundance,  but 
their  solution  belongs  rather  to  physiology  in  general  than  to  nutrition  in  particular. 
We  may  mention  a few  experiments  only  which  seem  to  suggest  that  the  complexity  of 
the  changes  taking  place  in  the  economy  is  rather  under  than  overrated  in  our  present 
accepted  doctrines. 

It  is  well  known  from  theexp(‘rimentsof  Hegnault  and  Reiset  that  the  proportion 
of  ox^^n  fixed  in  respiration  which  reappears  with  the  carbonic  acid  of  the  egesta 
varies  according  to  the  food,  being  greater  with  the  carbohydrates  than  with  the 
hydrocarbons.  Petienkofer  and  o i t observed,  however,  that  in  their  dog,  when 
M on  flesh  with  sugar  or  starch,  the  amount  of  oxygen  in  the  carbonic  acid  considerably 
(127  to  100)  exceeded  the  total  amount  of  oxygen  fixed  in  respiration.  This  was  coin- 
cident with  the  appearance  of  free  hydrogen  and  marsh-gas  in  the  respiration  chamber. 
Guided  by  the  investigation  of  Planer  on  intestinal  gases,  they  came  to  the  conclusion 
that  the  starch  and  sugar  sufler  within  the  alimentary  canal  a sort  of  fermentative 
decomposition,  by  which,  as  in  vinous  fermentation,  a quantity  of  carbonic  acid  is  given 
oflf,  in  the  production  of  which  the  oxygen  of  the  atmosphere  has  had  no  part.  This 
observation  shows  strongly  that  the  amonut  of  carbonic  acid  in  the  egesta  is  no  true 
measure  of  the  oxidation  of  the  body,  aud  therefore  of  the  generation  of  force,  as  has 
generally  been  supposed  to  be  the  case. 

It  is  curious  that  Qrouven,  working  through  the  devious  and  dangerous  path  of 
elaborate  analyses  and  still  more  elaborate  calculations,  should  have  come  to  a very 
similar  conclusion  with  refptrd  to  the  fate  of  the  carbohydrates  consumed  as  food  by 
oxen.  He  attempted  to  estimate  the  “ nutritive  value  ” of  various  alimentary  principles, 
starch,  sugar,  gum,  &c.,  &c.,  by  mixing  known  quantitiea  of  them  with  a fixed  ration 
of  straw,  and  then,  having  calculated  the  changes  that  had  taken  place  during  a given 
time  in  the  body  of  the  animal,  gain  or  loss  of  flesh,  fat  and  water,  compared  the  results 
with  the  previously  determined  efitH^t  of  the  straw-ration.  He  found  that  his  facts  only 
became  intelligible  on  the  hypothesis  that  within  the  alimentary  canal  the  carh(> 
hydrates  were  split  up  into  two  sets  of  bodies,  one  rich,  the  other  poor,  in  oxygen  ; that 
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tb<»  former  were  thrown  off  onnsed,  while  the  latter  were  absorbed  and  probably  were 
ccmrerted  into  fat.  Ho  goes  even  so  far  as  to  deduce  from  his  elementary  calcidations 
the  formula*  of  the  change.  Thus  starch  gave  rise  to  glycerin,  butyric,  and  lactic  acids, 
which  wt're  assimilati’d,  and  carbonic  acid  and  marsh-gas,  which  were  at  once  excreted. 
These  results  are  perhaps  of  more  value  as  provocative  of  future  researches  than  as  being 
by  themselves  trustworthy  feicts ; but  at  least  they  point  to  possibilities,  both  of  diges- 
tion and  nutrition,  not  as  yet  fully  recoguised. 

The  results  described  above  as  laws  of  nutrition  refer  to  what  have  been  called 
fwoe-generators.  The  laws  belonging  to  the  force-regulators  are  so  complex,  so  little 
nnderstood  at  present,  and  consequently  so  much  debated,  that  it  is  thought  better  to 
omit  the  consideration  of  them  altogether. 

Some  substances,  such  as  alcohol,  can  perhaps  hardly  be  regarded  as  of  settled  position 
whether  among  the  generators  or  regulators ; others,  tea,  coffee,  salt,  &c.,  have  likewise 
been  the  subjects  of  much  research  and  debate.  (See  Smith,  Voit,  &c.,  &c.) 

B.  Dynamics. 

While  the  statical  part  of  the  subject  is  of  course  of  most  interest  in  reference  to  the 
nutrition  of  animals  destined  to  be  slaughtered  for  food,  the  dynamical  part  is  of  most 
importance  when  the  nutrition  of  man  is  considered.  What  kind  of  food  is  best  adapted 
for  the  development  of  muscular,  what  for  nervous  force  ? are  the  most  fundamental 
probb  ms  of  physiology.  Previous  to  entering  into  detail,  however,  an  inquiry  should 
be  made  (if  for  nothing  else,  at  least  for  the  sake  of  justifying  the  assumption  of  the 
•ppUfability  of  the  conservation  of  forces  to  the  living  frame)  between  the  total  income 
and  total  expenditure  of  force.  This  will  be  most  conveniently  done  by  reducing  both 
to  units  of  heat.  The  determination  of  the  total  amount  of  force  expend^Ki  within 
t given  time  by  an  animal  body  is  a comparatively  easy  task.  For,  diverse  a.s  arc  the 
vahouB  manifcbtations  of  force  within  the  economy,  tliey  are  all  reducwl,  before  they 
have  the  body  as  expended  force,  into  two  modes  only,  namely  heat  and  mechanical 
effect,  the  quantity  leaving  the  body  as  electricity  b<*ing  probably  exceedingly  smalL 
Thus  all  the  various  forces  which  we  clas.s  together  under  the  name  of  nervous  force 
resolve  themselves,  after  all  their  multitudinous  wanderings  and  transformations,  into 
beat,  except  the  minute  fraction  which  may  be  supposed  to  be  carried  on  into  muscular 
action,  ana  so  to  find  its  exit  as  mechanical  effort.  Muscular  action  too  loses  itself 
partly  as  mechanical  effect,  but  to  a much  greater  amount  probably  as  heat.  All 
secMive  or  nutritive  action  again  goes  out  as  heat.  Heat  and  mechanical  movement 
are  in  fact  the  only  true  effecUt^  of  the  animal  body.  Whatever  does  not  go  out  in  the  one 
form,  issues  in  the  other.  Two  animals,  living  on  the  same  food,  and  subject  to  the 
same  metamorphosis,  will  rise  to  the  same  amount  of  actual  energy,  and  yet  in  the  one 
« large  amount  of  that  energy  may  assume  the  form  of  mechanical  efft'ot,  while  in  the 
other,  DO  muscular  exertion  b^ing  made,  it  nearly  all  goes  out  as  mere  heat,  which,  being 
dissipated  os  soon  as  generated,  causes  no  alteration  in  the  animal’s  temperature. 
Hence  if  we  estimate  tho  total  mechanical  effect  of  any  animal  during  a given  time,  and 
the  total  amount  of  heat  given  off  at  the  same  time,  we  shall  obtain  the  total  amount 
of  expended  force.  This  may  readily  be  done  by  placing  an  animal  in  a calorimeter, 
with  a tread-wheel  for  determining  the  mechanical  effect.  By  reducing  the  mechanical 
effect  to  units  of  heat,  and  adding  them  to  the'number  of  units  of  heat  denoted  by  the 
calorimeter,  we  arrive  at  tho  total  expended  force  estimated  in  units  of  heat.  A 
calorimeter  is  doubtless  not  a proper  home  for  an  animal,  and  therefore  probably  the 
wsolt  of  the  experiment  will  not  give  accurately  the  normal  expenditure  of  the  natural 
animal,  seeing  now  sensitive  and  responsive  in  all  its  parts  is  the  animal  economy  to 
▼ariations  of  temperature.  Yet  it  cannot  be  far  from  the  truth. 

The  estimation  of  the  total  force  of  the  income  is  a much  more  difficult  task.  The 
uniu  ufbeat  given  off  by  tho  combustion  of  each  article  of  food  have  to  be  determined, 
sod  from  their  sum  total  has  to  be  deducted  the  number  of  units  of  heat  still  obtainable 
from  the  incompletely  oxidised  portion  of  the  excreta  belonging  properly  to  the  food 
in  qnestion,  V^nfortunately  this  at  present  has  not  been  accomplished.  It  has 
generally  been  deemed  sufficient  to  calculate  the  latent  energy  of  any  alimentary 
^bstance  from  the  units  of  heat  gpven  off  by  the  combustion  in  nnuncombined  state, 
of  its  carbon  and  free  hydrogen.  This  however  (sec  Hbat)  leads  to  a result  which  we 
may  safely  usmme  as  being  incorrect,  without  knowing  how  far  it  errs  from  the  truth. 
Hence  the  failure  of  Dulong  and  Despretz  to  obtain  a balance  between  the  actual 
heat  given  off  by  an  animal  during  a given  time,  and  the  amount  calculated  as  due  to 
the  quantity  of  carbon  and  hydrogen  presumed  to  have  been  actually  oxidised  in  the 
system  during  that  time,  cannot  be  rcgi^cd  as  any  argument  against  the  possibility  of 
obtaining  such  a balance  with  gri*at  exactitude  if  more  correct  methods  were  employed. 
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Using,  however,  such  imp<*rfeot  moans  in  the  absenoe  of  better  ones,  Ilelmholrz 
calciUat<*s  that  a man  of  82  kilogrms.  weight  exjx^nds  in  21  hours  2,7(K>,000  onit^of 
heat,  of  which  26  jKT  cent,  goes  to  w'jirmiug  the  fo<^  and  drink,  26  per  cent,  to  wamiiDg 
the  air  of  respiration,  14  7 per  cent,  is  lost  in  the  evaporation  of  water  through  the 
lungs,  the  remainder  77'6  per  cenL  being  distributed  over  loss  by  urine  and  fieces,  eva* 
pomtioD  from  skin,  mdiation  and  conduction  from  surface,  and  mechanical  effect. 

Ludvig  ealculati's  the  mechanical  effect  of  a good  day's  work  to  be  equivalent  only 
to  220,930  units  of  heat. 

Still  more  difficult  is  the  tiisk  of  tracing  baekwanls  to  the  food  or  onwartls  to  the 
excreta,  any  of  the  special  kinds  of  forces  at  work  within  the  economy.  To  take  for 
instance  muscular  force,  as  one  of  the  simplest,  it  may  l>e  askcHl,  which  cK-raents  of 
food  contribute  solely  or  chiefly  to  its  production,  and  which  of  the  elemeufs  of  the 
egoMta  may  bi"  taken  as  tlie  index  of  its  occurrence.  The  Rev.  S.  H aiighton  (Dublin 
Quarterly  Medical  Journal,  1859,  I860),  taking  it  for  graot«“d  that  the  nifre^n  of  the 
urine  and  fteces  rcpresent«xl  the  whole  muscular  or  me<'hanicul,  nervous  or  mental, 
and  nutritive  or  vital,  work  of  the  economy,  while  the  remaining  excreta  answered  to 
what  he  calls  the  cyus  ca/on^cttwi,  made  the  following  investigation.  Having  deter* 
mined  the  daily  excretion  prr  anum  rt  vrsicam  of  nitrogen  reckoned  as  urea  in  a serit-s 
of  men  of  different  bodily  weights,  performing  different  mechanical  work,  undergoing 
different  mental  labour,  he  was  enabh*d  to  construct  a seri*^  of  equations,  which  he 
solved  for  certain  values  which  it  was  desired  to  know.  He  thu.s  c;ilculated  that  300 
grains  of  urea  represent  the  dailj  nutritive  work  of  a mnn  weighing  150  lbs.;  that  1365 
grains,  of  urea  represent  the  rouBcular  force  required  to  lift  loO  ll>s.  through  one  mile, 
a hard  day’s  work ; that  222  grains,  of  urea  n prese  nt  the  daily  menial  exertion  of  a 
man  of  business.  It  nec<l  hardly  bo  «iid,  however,  that  the  assuraption.s  on  which 
these  calculations  are  based,  ar<‘  open  to  grave  objections. 

Ill  dealing  with  the  statics  of  this  subject  the  wonl  flesh  was  used  to  denote  the  totfd 
protein-substance  of  the  body.  And  it  was  only  in  this  wide  sense  of  the  word  that 
urea  was  considered  as  the  result  of  the  nu*tamor|»ho«isoftlr8h.  It  is  true  that  Rischof  and 
Voit  use  the  same  word  flesh  ns  synomymous  w'ith  mus<-le,  but  such  an  assumption  rt><s 
on  DO  basis  of  facts.  Although  the  nervous  system  inBidderand  Schmidt  andChoasat’s 
experiments  seemed  to  snft»  r but  little  waste  in  inanition,  we  cannot  for  that  reason 
conclude  that  during  life  it  suffers  little  metamorj^hosis.  On  the  contrary',  it  ia  inipos- 
sible,  with  the  general  views  by  which  we  arc  judging  the  whole  subject,  to  think 
otherwise  than  that  where  there'  is  apparently  so  much  production  of  force,  there  should 
also  be  much  change.  And  as  far  as  the  changes  in  the  nervous  tissue  simpliealc  the 

frotein  substances  therein  containtHi,  they  must  be  considemi  as  giving  ri8*‘  to  urea. 

n the  liver  again,  in  the  glands,  and  in  all  the  other  organs  which  we  m.iy  call  the 
nutritive  organs,  we  must  also  (in  a<ldition  to  the  changes  supposed  according  toonetheoiy 
to  occur  in  the  digested  food  as  it  pastk*s  thiough  or  comes  in  connection  with  tllo^e 
organs  in  the  blood  current)  suppose  considerable,  it  might  almost  \>e  said,  excessive 
metamorphosis  to  take  place,  which  in  so  far  ns  it  is  nitrogenous  will  also  produce  urea. 
Hence  the  total  amount  of  urea  cannot  be  taken  as  an  index  of  the  metamorphosis  of 
muscular  tissue  only.  Nor  cim  we  fairly  assume  that  even  a large  part  of  it  is  to  lx*  so 
rrgnnb*d.  It  may  \>e  urged  that  muscular  tissue  forms  a large  part  of  the  total  prolein- 
Bubstance  of  the  l>ody,  that  we  have  every  rr^ason  to  believe  that  it  suffers  great  and 
rapid  ehang*  s.  But,  we  posat*ss  no  exact  information  ns  to  how  large  a share  in  its 
metamor{)hosis  is  taken  by  its  nitrogenous  constituents  alone,  and  on  the  other  hand  we 
an*  similarly  ignorant  of  the  inten.rity  of  uitn»genous  transformations  in  the  other  organs 
of  the  body.  It  is  true  that  in  muscular  tissue  we  find  creatine  and  creatinine,  and 
there  is  some  reason  for  l>elievingthat  they  (one  or  both)  are  increas«»d  during  nuneular 
contraction  when  metamorphosis  is  presuniKl  to  Iw*  increasevi;  but  the  physiological 
connection  between  creatinine  or  creatine  and  urea  has  not  yet  been  fully  traced.  On 
the  contrary,  there  ore  not  wanting  facts  indioaling  the  closest  l>ouds  between  urea  and 
the  liver.  So  marked  index'd  are  they  that  the  action  of  the  liver  has  been  called  in 
to  assist  the  theory  of  the  luxus-cunsumption,  on  the  idea  that  the  changes  taking 
place  there  belong  not  exactly  to  the  liver  it.self,  but  to  the  blood  in  the  liver.  On  t-hese 
points,  however,  our  information  is  exceedingly  imperfect. 

Physiologists  perhaps  err  in  being  apt  to  regard  the  processes  of  the  animal  body  as 
too  simple,  too  straight forwanl.  May  not  urea  and  carbonic  acid  be,  not  the  result  of 
a splitting  up  and  facile  oxidation,  but  the  ends  of  a long  series  of,  perhaps  bark- 
waH  and  forward  changes,  so  that  the  point  or  place  w'here  each  is  first  detected  is 
not  necessarily  the  place  where  the  most  important  act  of  metamorphosis  takes  place  ? 

If  it  is  difficult  to  connect  urea  in  any  special  manner  with  the  metamorphosis  of  mus- 
cular tissue,  it  is  still  more  difficult  to  connect  it  with  the  exhibition  of  muscular  force. 
If  urea  were  the  most  important  product  of  muscular  metamorphosis  and  muscular  me- 
tamorphosis the  most  important  source  of  urea,  then  since,  during  muscular  contraction. 
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the  netamorphons  of  muMoIar  snbstanee  10  preflnmed,  on  apparontl3r  sattsfactoi^  grounds, 
to  be  largely  increased,  the  amount  of  urea  also  ought  tolm  largely  increased  by  muscu- 
lar exertion.  It  is  true  that  under  this  view  there  will  always  be  in  the  urine  a 
tolerably  lar^  constant  quantity  of  urea  due  to  the  amount  of  muscular  exertion  em- 
ployed in  visceral  movements,  which  varies  only  within  comparatively  narrow  limits, 
but  such  an  amount  must  be  fiilly  overpowered  by  an  excess  of  un‘a  due  to  violent  and 
long  continued  exercise.  Observations  (Smith,  Voit,Speck,  Lehmann)on  theeffect 
of  muscular  exertion  on  the  excretion  of  urea  are  not  unanimous.  Yet,  even  when  nllow- 
sDce  is  made  for  retention,  that  is  for  decrease  of  elimination  as  compared  with  decrease 
of  formation,  the  conclusion  may  fairly  be  drawn  that  exercise  even  carried  to  exhaus- 
tion produces  an  increase  of  urea  too  small  to  be  regarded  in  anyway  as  an  equivalent 
of  the  expended  muscular  force.  At  the  same  time  observ’ers  are  equally  agreed  that 
muscular  exertion  does  produce  a very  large  increase  in  the  carbonic  acid  of  the  egesta. 
•So  cleariy  did  this  come  out  in  the  experiments  of  Dr.  E.  Smith,  that  that  gentleman 
beheves  himself  iustified  in  recommending  an  addition  of  carbon  to  the  food  when  bodily 
exertion  is  called  for.  It  has  been  urged  that  Vo  it  and  others,  by  simply  estimating 
the  ure*  (with  uric  acid,  &c.)  in  their  experiments,  have  left  open  the  possibility  of  other 
nitro^nous  bodies  being  present  in  large  quantities  on  such  occasions,  aud  on  such 
occasions  only  in  the  urine.  But  these  hypothetical  bodies  have  never  been  detected, 
and  the  possibility  of  their  existence  does  not  negative  the  fact  of  the  increase  in  tho 
carbonic  acid.  It  must  be  remembered  however  that  there  is  in  the  living  muscle,  even 
when  perfectly  at  rest,  an  active  metamorphosis  still  going  on,  resulting  in  part  as  elec- 
tricity, but  ftnally  as  heat.  Perhaps  even  during  the  very  act  of  contraction  (as 
distinguished  from  the  conditions  immrdiuttly  preceding  and  following)  there  is  not  so 
much  an  increase  of  metamorphosis  as  a change  in  the  direction  or  form  into  which  the 
energy  set  fiw  by  the  metamorphosis  is  converted.  If  so  the  carbonic  acid  would  be 
only  indirectly,  and  the  urea  not  at  all,  an  index  of  the  amount  of  expended  force,  while 
the  total  metaniorphosis  of  the  muscular  system  would  measure  possibilities  of  action 
rather  than  actual  achievements.  When  we  reflect  that  the  animal  body  considered  as 
a working  machine  is  characterised  by  being  subject  to  sudden  calls  for  action  from 
every  quarter,  it  will  be  easily  understood  that  the  best  state  of  preparation  for  emergen- 
cies is  not  one  in  which  there  is  a mere  store  of  latent  energy,  but  one  in  which  force  is 
continually  being  liberated  and  therefore  ready  at  a moment's  notice  to  be  turned  in 
any  particular  direction,  converted  into  any  particular  form.  This  of  course  implies 
that  for  every  mechanical  effect,  a large  amount  of  force  is  spent  in  a non-mechanical 
manner,  and  therefore  apparently  lost.  But  so  abundant  are  the  resources  of  the 
economy  for  the  using  up  of  this  wasted  forct*.  that  according  toHelmholtx,  while  the 
best  fteam-engiiie  loses  nine-tenths  of  the  total  power  of  its  fuel,  the  human  body  is 
able  to  convert  into  mechanical  effect  one-flfth  of  the  total  power  of  its  food. 

Urea  then  cannot  be  taken  safely  as  a measure  of  mechanical  work  done  by  the 
bodv ; with  still  safety  perhaps  can  it  be  taken  as  a measure  of  the  mental 
work-  And  as  it  is  impossible  at  present  to  trace  the  various  members  of  the 
egeeta  back  to  the  various  forms  of  vital  force,  so  it  is  impossible  to  trace  the  latter 
Imck  to  the  various  cunstituents  of  food.  If  one  general  view  of  the  whole  vital 
processes  can  be  regarded  as  more  likely  than  another,  it  is  perhaps  the  idea  that  the 
brute  force  of  the  economy,  so  to  speak,  is  represented  by  the  carbon  (and  hydrogen)  of 
its  food,  while  the  nitrogen  is  more  closely  concerned  with  internal  clianges  by  which 
that  brute  force  is  waiverted  into  the  many  varieti<*8  of  vital  energy. 

Playfair  argues  that  only  the  nitrogenous  alimentary  principles  are  concernc'd  in 
the  pr^uctioD  of  muscular  (and  mental?)  force,  and  pves  calculations  showing  that 
the  latent  energy  of  such  on  amount  of  albumin  as  is  usually  consumed  by  active 
labourers  is  sufficient  to  account  for  the  actual  force,  both  of  the  internal  muscular 
movements  and  of  the  external  ‘ useful  work ' of  an  ordinary  man.  ButCarpenter 
has  made*  calculations  which  lead  to  an  exactly  opposite  conclusion  ; and  Haughton’s 
aquations,  as  far  as  they  can  be  trusted,  tend  to  support  the  view  that  the  force  of 
muscular  action  is  derived,  in  part  at  least,  from  the  hydro-carbons  or  carbo-hydrates 
of  food.  long  as  the  present  uncertainty  about  the  latent  euei^  of  complex 
rabetanc***)  continues,  and  so  long  as  the  evolution  of  heot  is  not  observid  at  the  siune 
time  that  the  development  of  mechanical  force  is  estimated,  all  questions  of  ‘dyuamicii’ 
must  remain  oliscure. 
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M.  F. 

K C/TKXTXOV  or  PAAJrTS. — The  Nutrition  of  Plants,  like  that  of  Animals,  may 
be  stndii'd  in  accordance  with  the  doctrine  of  the  Conservation  of  Force,  in  refereiMH*  to 
the  mutual  relations  of  income,  capital,  and  expenditure.  At  the  first  glance,  however, 
a remarkable  difference  may  he  observetl  between  the  two  kingdoms,  In  the  case  of 
animals,  the  income  consists  almost  entirely  of  force  associated  with  material  as  latent 
energy;  in  the  case  of  plants,  the  income  is  composed  to  a preponderating  extent  of 
actual  energy  in  the  form  of  force  derived  directly  from  the  sun,  and  of  material 
associated  with  as  small  au  amount  as  posible  of  latent  energy.  With  animals  ther^ 
is  such  a large  constant  expenditure  of  force  in  the  shape  of  actual  eneigy,  such  a lnig»» 
concomitant  waste  of  effete  material  that  even  in  the  case  of  those  animals  which  are 
purposely  fed  with  a view  to  increase  of  capital,  that  pjirt  of  the  income  which  is  stored  up 
fo)m  time  to  time  as  increase  of  material  and  latent  energy,  bears  an  exceedingly  small 
proportion  to  that  psirt  which  goes  to  swell  the  expenditure;  with  plants  the  amount 
Iwth  of  force  and  material  continually  ex|H*nded  is  so  slight  that  by  far  the  gr»*ater 
port  of  each  accession  of  income  is  retained  lis  increase  of  capital.  With  most  animals 
the  value  of  the  capital  depends  almost  entir»'ly  on  the  amount  of  actual  eneigy*  it  is 
able  to  supply  when  occasion  demands  ; with  nearly  all  plants  the  value  of  the  capital 
is  expr<'.ss»*d  almost  exactly  by  tlie  amount  of  latent  energy  its  material  repr»’st»nts. 
Animals  are  machines  for  the  conversion  of  Intent  energy  into  various  modes  of  actu^il 
force  ; plants  uro  machines  for  converting  the  one  actual  force  of  the  sun  into  various 
coUectious  of  latent  energy.  We  may,  using  the  while  very  general  term.M,  speak  of  a 
circulation  of  force  and  material  through  the  world.  Light  (heat),  carbonic  acid,  water, 
and  ammonia,  enter  into  the  vegetable  kingdom,  and  rojippear  as  protein  ; carbo- 
hydrates and  oxygen  enter  the  animal  kingdom,  and  reappear  as  heat  and  mechanical 
effect  on  the  one  hand,  and  as  c/irbonic  acid,  water,  and  ammonia  (urea)  on  the  other. 
In  the  third  or  inoiganic  kingdom,  the  carbonic  acid,  ammonia,  heat,  and  mechanical 
eff  et  are  driven  from  their  place  of  birth  by  distributive  forces  and  scattered  over  the 
globe.  Thence  in  turn  the  vegetable  kingdom  drawa  in  part  its  income. 

Such  a distinction  between  the  animal  and  vegetable  world,  though  satisfactory  os  a 
broad  generalisation,  must  not  liowever  be  taken  as  strictly  true.  The  one  kind  of  life 
is  not  exactly  the  inverse  of  the  other.  On  the  contrary,  in  order  to  include  all  vital 
pheiiomeiiJi,  we  must  imagine  each  to  consist  of  two  processes  ; the  one  destructive  and 
resulting  in  the  lil>emtjou  of  actual  force,  the  other  constructive  and  leading  to  the 
accumulation  of  latent  energy.  lu  the  one  life,  one  process  is  predominant ; in  tho 
other,  the  other.  Thus  animals,  while  for  tho  most  part  they  alworb  lat»tnt  energy*  in 
the  form  of  food  and  expend  it  chiefly  as  actual  force,  are  yet  at  the  same  time  engagtHl 
during  the  whole  of  their  lives,  in  increasing  and  concentrating,  so  to  speak,  by  par- 
ticular applications  of  a portion  of  their  total  force,  the  amount  of  latent  energy  of  some 
of  tlie  materials  of  their  food  through  the  pnxiess  calb*/!  a.s.similation.  During  the  early 
stagesoftheircxistcnce.whiletheyare growing,  they  dothis  to  a very  marketl  degree;  and 
at  some  poriod.s  (incubation)  they  n^ceive,  and  convert  into  temporary  latent  energy,  a 
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quantity  of  actual  force  in  the  shape  of  heat  So  plants,  though  their  chief  function  is  to 
employ  solar  energy  in  decomposing  carbonic  acid  and  water  with  liberation  of  oxygen, 
ana  thus  toconj^truct  elaborate  compounds  of  carlwn,  hydrogen,  nitrogen,  and  oxygen, 
as  soata  of  latent  energy,  nevertheless  from  time  to  time  consume  those  very  compounds, 
absorbing  oxygen,  forming  carbonic  acid  and  giving  off  actual  forc«*  in  the  sliape  of 
heat.  For  instance,  during  germination,  flowering  and  fruiting,  there  is  always  oxiolition 
going  on,  and  even  a considerable  amount  of  heat  thrown  out ; and  during  the  whole  life 
of  a plant,  those  parts  which  are  not  green  an*  always  occupied  in  forming  and  exhaling 
carbonic  acid,  and  those  which  are  green  behave  in  the  same  way  wh<*n  liglit  is  absent, 
m that  the  total  amount  of  oxidation  going  on  in  a plant  is  very  considerable.  The 
income  of  plants  consists  partly  of  force,  partly  of  material.  Force  is  suppUinl  almost 
entirely  in  the  form  of  solar  energy.  Part  of  the  energy  so  received  may  considered 
as  acting  simply  as  heat,  since,  for  the  organic  processes  of  vegetable  as  of  animal  life, 
a certain  temperature  is  necessary.  In  the  majority  of  animals,  however,  an  int4‘rnal 
stjurce  of  heat  renders  tlie  thermal  influence  of  the  sun  of  subordinate  importance. 
Plants,  on  the  other  hand,  are  more  directly  d^ndent  on  eoUr  warmt  b,  their  own  caloric 
production  being,  as  a whole,  very  limited.  But  by  far  the  most  important  function  of 
the  solair  energy  received  by  plants  is  that  peculiar  one  whereby  sun>light,  acting  on 
the  green  or  chlorophyll-containing  organs,  deoxidises  carbonic  acid  and  water,  and 
thus  enters  as  latent  eneigy  into  the  various  vegetable  organic  compounds.  As  by  the 
union  of  carbon  and  hydrogen  with  oxygen  to  form  carbonic  acid  and  water,  a certain 
amount  of  actual  energy  is  sot  free,  so  in  the  reverse  process  a corresponding  amount 
of  energy  l>ecomes  latent.  The  latent  energy  possessed  by  vegetable  products  and  ex- 
hibited through  either  combustion  or  alimentatiou  is  simply  energy  derived  from  the 
0QD  and  appropriately  converted  during  the  life  of  the  plant. 

The  roaterij^  of  the  income  of  a plant  oro  derived  partly  from  the  soil,  partly  from 
the  atmosphere. 

Those  bodies  which  are  drawn  from  the  soil  are  said  to  be  absorbed  by  the  roots. 
Infl>  a mass  of  soil,  the  roots  of  a plant  spread  daring  its  growth  in  various  directions,  and 
extract  therefrom  certain  constituents  by  virtue  of  pnxiesses  as  yet  not  fully  understood. 
This  absorption  has  a *' selective”  character.  One  plant  will  absorb  certain  constituents 
in  given  proportions;  another,  the  same  constituents  in  different  proportions  or  different 
constituents.  So,  out  of  a given  mixture,  a plant  will  by  no  means  absorb  to  the 
largest  extent  those  substances  which  are  present  in  greatest  abumiaiiee.  Marine 
plants  growing  in  a fluid  containing  a great  excess  of  sodium,  themselves  contain  a great 
excess  of  potash.  Land  plants  contain  but  little  aluminium,  though  that  body  exists 
in  large  quantities  in  most  soils.  Aquatic  plants,  whose  soil  is  a fluid,  of  course  absorb 
their  soil-derived  constituents  from  sulutions.  Land  plants  may  also  be  made  to  do 
the  same  thing.  Thus  Stohmaun  (Ann.  Ch.  Phann.  exxi.  s.  285)  grew  maize-plants 
in  pure  saline  solutions.  It  may  fairly  be  presumed  that  all  the  bodies  absorbed  by 
the  roots  are  in  some  way  or  other  dissolved  before  they  actually  pass  into  the  plant, 
lienee  Bubstanct*8  in  order  to  be  of  any  nutritive  value  iflust  be  capable  of  solution.  But 
it  d<^s  not  follow  that  they  must  necessarily  exist  in  a state  of  aqneou.s  solution  in  the 
soil  itself  before  they  can  bo  absorbed.  On  the  contnuy*,  Ordinary  soil  seems  to  have 
a peculiar  power  of  withdrawing  saline  materiiUs  from' their  aqueous  solutions,  and  of 
retaining  them  in  some  peculiar  physical  combination  with  itself.  And  the  experiments 
of  N a g e li  and  Z d 11  e r on  the  growth  of  beans  in  powdered  turf  saturated  to  a variable 
extent  with  saline  matters,  seem  to  show  that  saline  nutritive  elements  are  absorbed 
not  directly  from  aqueous  solutions  percolating  the  earth,  but  indirectly  through  the 
agency  of  the  soiL 

Of  the  substances  thus  absorbed  by  the  roots  the  so-called  ” miDeral”  matters  form  a 
lairge  proportion.  The  most  important  and  wide  spread  are  potash,  soda,  lime,  mng- 
De«iA,aiid  iron,  with  phosphoric,  sulphuric,  hydrochloric,  and  silicic  acids.  I^ss  universal 
but  still  common  are  iodine,  alumina,  manganese.  More  rare,  and  probably  in  many 
cases  accidental,  are  bromine,  lx)ron,  copper,  silver,  zinc,  lead,  tin,  cobalt,  nickel, 
strontium,  barium.  To  these  may  bo  added  lithium,  and  some  of  the  newly  discovered 
metuls.  Water  is  of  course  absorbed  from  the  soil. 

Nitric  acid  and  ammonia  arc  also  absorbed  from  the  soU.  These  may  have  arisen 
from  the  decomfiosition  of  organic  matters  present  in  the  soil  as  natural  or  artificijil 
manuivs,  or  may  have  been  brought  down  from  the  alrao.sphere  by  rain.  It  has  b<‘en 
suggested  (V'  olker,  Cloez)  that  nitric  acid  is  the  particular  shape  in  which  nitrfjgeiioua 
material  is  al>sorhed  by  plants,  all  other  nitrogenous  8ubi>tances  (including  ammonia) 
being  reduced  to  that  form,  pn*viou8  to  al>sorption.  There  appears  to  be  no  evidence 
that  organic  nitrogen-compounds  are  absorbed  as  such  except  it  be  in  the  case  of  fungi 
and  certain  parasites. 

Carbonic  acid  may  be  taken  up  from  the  aoiL  Lastly,  there  arc  in  all  soils  repre- 
eentatives  of  the  class  of  bodies  known  under  the  collective  name  of  humus.  It  is 
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generally  thought  that  biunus  is  not  al^rbed  as  *tich,  but  nets  beneficially  in  a sort  of 
preparatory  manner  on  soils,  by  means  of  the  ac’ids  arising  from  its  decomposition. 
Kister  howorer  maintains  that  humus  is  absorbed  and  assimilated  by  plants. 

The  kind  of  material  derived  from  the  air  is  not  the  same  under  all  cireumstaoces. 
Under  the  action  of  light  the  green  parta  of  the  plauts  absorb  carbonic  acid  ; in  dark- 
ness they  cease  to  do  so,  taking  up  oxygen  instead.  Those  parts  which  are  not  green 
al>sorb  oxygen  under  all  circumstances.  That  this  absorption  of  oxygen  is  an  act 
nece.s.sar)’  to  life  is  shown  by  the  fact  that  plants  kept  in  darkness  (and  therefore  unable 
themselves  to  give  out  oxygen)  in  an  atmosphere  void  of  oxygen,  perish. 

It  has  been  much  debated  whether  plants  absorb  in  any  way  nitrogen  directly  from  the 
atmosphere.  There  appears  to  be  no  exact  knowledge  as  to  the  power  of  plants  to 
absorb  combined  nitrogen  (ammonia,  &c.)  directly  from  the  atmosphere,  as  distinguished 
from  that  obtained  from  the  same  source  through  the  intermediate  agency  of  the  soil. 
As  regards  free  nitrogcD,  Boussingault  (Annales  de.Chim.  et  Phys.  1855,  &c.)  con- 
cluded from  his  experiments  that  there  whs  no  absorption.  Ville  and  others  maintain 
the  contrary.  Lawes  and  Gilbert  (Phil.  Trans.  1861;  Chem.  Soc.  J.  xvi.  100) 
support  the  views  of  Boussingault.  The  Inst-mentioned  observers  nevertheless  state 
that  the  quantity  of  nitrogen  b^»oght  down  to  the  soil  from  the  atmosphere  by  the 
annual  rain  will  only  account  for  a fraction  oftiie  nitrogen  carried  off  by  the  annual 
crops,  and  infer  that  in  the  absence  of  nitrogenous  manures  there  would  seem  to  be 
some  otherasyet  unnoticed  source  of  nitrogen.  Liebig  {Natural  Laws  of  Husltandry, 
ed.  Blyth,  292)  however  maintains  that  the  atmospheric  nitric  acid  and  ammonia  are 
sufilcient  for  ordinary  vegetable  purposes,  and  even  that  (through  cultivation)  an 
accumulation  of  nitrogen  in  the  soil  has  taken  place.  The  observation  of  Sohonl>ein 
that  nitrite  of  ammonia  is  produced  during  oxidation  taking  place  in  the  atmosphere, 
has  suggested  a source  of  abundant  snpplics  of  nitrogenous  ib^  for  plants. 

The  capital  of  a plant  consists  of  the  so-called  vegetable  products.  The  chief  of 
these  are  protein-matters,  cellulose,  starch,  dextrin,  sugar,  gum,  pectin,  chlorophyll, 
oiganic  acids,  fatty,  waxy,  resinous  bodice,  tunnin,  &c.,  &c.  All  these  are  so  nitny 
collections  of  latent  enegy,  and  available  for  food  or  fuel.  They  are  nearly  all  of  them 
present  in  every  plant,  and  constitute  the  main  part  of  the  capital  properly  so  under- 
stood. Besides  these  bodies,  however,  there  are  innumerable  other  compounds,  of  mure 
or  less  fm^uent  occurrence,  possessing  a gn^ter  or  smaller  amount  of  latent  energy, 
some  of  them  perhaps  particular  stages  through  which  the  material  of  the  plant  {xisses 
in  its  progressive  metamorphoses,  others  must  probably  the  products  of  a retrograde 
metamorphosis  or  off-shoots  of  either  process.  These  last  two  kinds  may  fairly  be 
brought  under  the  designation  of  excretions,  and  ought  therefore  to  be  considered  us  the 
waste  material  of  expenditure  rather  than  us  belonging  rightfully  to  the  capital. 

One  substance  8|>okcn  of  as  protoplasm,  a mixture  of  various  nitrogenous  and 
non-nitrogenous  com|X)unds,  occurs  largely  in  all  growing  parts,  ami  may  lx*  rvganled 
as  a sort  of  middle  term,  to  which  a lai^e  part  of  the  income  tends  and  from  which 
various  items  of  capital  arise. 

Of  the  expenditure  of  a plant,  a very  limited  amount  consists  of  actual  force.  In  the 
lowest  forms  of  vegetable  life  locomotion  is  at  times  witnessed,  and  some  of  the  higher 
plants  exhibit  occasional  movements  in  their  so-called  irritable  jxirts.  In  these  cast‘« 
a certain  amount  of  force  is  lost  as  mechanical  effect.  And  in  all  plants  the  ;ict  of 
growth,  the  transference  and  sustentation  of  material  in  various  directions  must  be 
considered  as  an  expenditure  of  mechanical  force. 

A constant  but  small  loss  of  force  in  the  form  of  evolved  heat  must  also  be  admitted. 
Under  ordinary  circumstances  this  is  almost  iusignifiount ; on  certain  occasiuns,  however, 
it  comes  forward  into  great  prominence.  Thus  in  germination,  a very  considerable 
amount  of  heat  is  given  out,  and  when  many  germinating  seeds  are  collected  in  a lieap, 
as  in  malting,  thethermometer  placed  among  them  may  rise  tollO®  F.  During  flowering 
also  heat  is  evolvwl.  In  the  spadices  of  the  Arum  tribe  in  particular  the  thermomct.^r, 
it  is  said,  will  stand  20*^  or  30'^  F.  above  the  temperature  of  the  surrounding  air.  In  .ill 
cases  the  evolution  of  heat  is  closely  connoi  tod  with  the  absorption  of  oxygen  and  the 
exhalnfion  of  carbonic  acid. 

Of  the  material  thrown  off  by  plants,  besides  water,  the  largest  portion  consists  of 
oxygen  given  out  by  the  green  surfaces  under  the  influence  of  light.  A smaller  portion 
consists  of  carbonic  acid  given  off  by  the  parts  tliat  ore  not  green  at  all  times  and  by 
the  green  parts  in  darkness. 

According  to  Cloez  (Ann.  Sciences,  Nut.  Hot.  [iv.]  xx.)  the  yellow  and  nxl  portions  of 
particoloured  leaves  do  not  give  off  oxygen.  Thenmount  ofearlinic  acid  exhalid  indark- 
ness is  greater  when  the  surrounding  temperature  i>«higher(Coreu  winder,  Ann.  Sjienc. 
Nut.Bot.[v.]  l,p.297).  Duringgenuimition,  flowering,  aiidfruitingthereis  an  increase 
in  the  excretion  of  carbonic  acith  *Saussure  thought  that  considerable  quantities  of 
nitrogen  were  evolved  by  the  leaves  of  plants  while  carl>ouic  acid  was  being  decomposed ; 
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and  D rap cafflp  to  the  Biuno  conclusion.  But  Bonssingault  fAnn.  Scienc.  Nat. 
Bot.  [iv.]  xvi.)  maintains  that  such  is  not  the  case,  having  found  reason  to  believe  that 
the  leaves  of  plants  (at  least  of  submei^ed  plants)  in  sunshine  give  off  appreciable 
quantities  of  carbonic  oxide  and  marsh-gas.  Clocz  however,  who  with  Gratiolet 
(iW.  [iii.]  xxxii.)  had  previously  found  decided  quantities  of  nitrogen  to  be  exhaled  by 
the  leaves  of  the  PotamogrUm  prrfoHatus,  reasserts  {ibid,  [iv.]  xx.)  the  fact  of  the  exhala- 
tion of  nitrogen,  and  denies  the  excretion  of  carbonic  oxide.  The  observations  of  Law  os 
and  Gilbert  oppose,  as  for  as  they  go,  the  idea  of  nitrogen  being  exhaled.  Hilany 
plants  give  off  minute  quantities  of  volatile  hydrocarbons  in  the  form  of  odours.  To  the 
action  of  these  emanations,  the  presence  of  ozone  in  the  neighbourhood  of  plants  has 
been  attributed. 

It  has  been  much  debated  whether  or  no.  or  to  what  extent,  matters  are  excreted  by 
the  roots  of  plants.  The  bencAcial  or  injurious  effects  which  the  growth  of  certain 
crops  seems  to  exert  on  the  vegetation  of  other  crops,  subsequently  grown  on  the  same 
ground,  have  been  attributed  to  an  accnmulation  in  the  soil  of  matters  excreted  by 
the  roots  of  the  ffrst  crops.  3Iost  of  these  facts,  however,  may  be  otherwise  explained. 
Direct  experiments  have  led  to  contradictory  results,  and  those  which  seem  to  affirm 
the  existence  of  an  excretive  function  have  been  explained  away  bvstippo.sing  the  roots 
in  such  cases  to  have  been  injured.  Cauvet  (Ann.  Scienc,  Nat.  ^t.  [iv.]  xv.)  decides 
that  the  roots  of  plants,  when  sound,  do  not  throw  off  any  part  of  either  poisonous  or 
innocuous  substances  taken  in  by  the  plant  in  any  way. 

The  class  of  Fungi  and  the  leafless  Parasites  differ  materially  in  their  vital  pheno- 
mena from  other  plants,  and  in  some  respects  closely  resemble  animals.  They  receive 
little  or  DO  solar  energy ; they  do  not  consume  carbonic  acid ; they  do  not  give  off 
oxygen ; they  do  not  live  on  simple  compounds  of  carbon  and  of  nitrogen.  On  the 
contrary,  they  live  either  on  decomposing  organic  matter  or  on  the  elaborated  juices  of 
plants,  and  they  absorb  oxygen  from  the  atmosphere,  giving  back  carbonic  acid  in 
return.  They  differ  from  animals  inasmuch  as  they  expend  but  little  force  either  in 
movement  or  as  heat.  The  force  they  absorb  in  their  nutriment  still  remains  for 
th«>  most  part  within  their  bodies  as  latent  energy.  Hence  the  rapid  growth  of  many 
of  them. 

It  is  evidently  not  within  our  present  powers  to  draw  a balance  between  the  amount 
of  force  receiv^  by  a plant  as  income  on  the  one  hand,  and  the  latent  energy 
possessed  by  the  plant  itself  plus  the  fraction  expended  during  its  life-time  on  the 
other.  This  only  is  clear,  that  the  solar  energy  is  more  than  sofficient  to  account  for 
the  vegetable  power.  Helmholtz  (Lectures  Med.  Gaz.  1864,  i p.  499),  making  a 
comparitOD  between  the  total  amount  of  solar  energy  falling  on  an  acre  of  ground  during 
the  year,  and  the  amount  of  force  derivable  from  the  plants  grovn  on  th^  acre  during 
the  same  time,  finds  the  Utter  only  part  of  the  former. 

The  obstacles  attending  any  attempt  to  draw  a balance  of  material  are  also  much 
greater  than  is  the  case  with  animus,  since,  in  addition  to  atmospheric  difficulties, 
tmuble  is  met  with  in  the  fact  that  a plant,  in  order  to  flourish  naturally,  must  bo 
placed  in  a soil  of  a most  complex  character,  out  of  which  it  extracts  only  a small 
portion  for  its  own  use.  But  such  a balance,  though  wholly  necessary  for  the  purpose 
of  investigating  the  nutrition  of  animals,  is  almost  superfluous  in  the  ease  of  plants, 
since  with  the  Utter  a different  method  of  observation  may  be  adopted.  Instead  of 
inferring  the  state  of  the  capital  from  a comparison  between  income  and  waste,  we  can 
in  dealing  with  plants,  make  a direct  analysis  of  the  capital,  and  so  determine  the 
variations  it  from  time  to  time  suffers  through  changes  in  the  income ; for  those 
pUnts,  concerning  whose  nutrition  knowledge  is  most  desirable,  being  generally  grown 
in  crops,  a sufficient  number  of  specimens  can  always  readily  be  taken  for  examination. 

The  income  may  be  roughly  considered  as  consisting  of  three  chief  factors,  solar 
energy,  carbonic  acid,  and  soil  materials  (including,  as  aqueous  soil,  the  water  in  which 
aquatic  pUnts  live),  and  the  process  of  nutrition  as  a function  of  all  three.  The  total 
failure  of  any  one  of  the  three  entails  a speedy  death;  the  comparative  failure 
diminishes  growth ; increase  of  any  one  of  the  three  augments  the  nutrition  of  the 
plant  within  certain  limits.  The  accumulation  of  vegetable  products  of  all  kinds  is 
dependent  upon  each  and  all  of  these  factors.  Thus  the  presence  of  carbonic  acid  is 
necessary  for  the  development  not  only  of  carbon,  but  also  of  nitrogen-compountls, 
and  inversely  the  amount  of  carbo-hydrates  stored  up  by  a plant  will  depend  upon  the 
nitrogen  as  well  as  the  carbon  of  its  food. 

Seeing  that  plants  are,  in  a broad  sense,  store-houses  of  carbon,  the  importance  of 
carbonic  acid  (whether  derived  from  air  or  soil)  as  a factor  of  nutrition  caDDot  be  over- 
looked. Plants  entirely  deprived  of  carbonic  acid  cease  to  live,  while  an  increase  of 
that  body  increases  vegetation.  A limit  however  to  the  beneficial  results  of  increasing 
the  cvl^nic  acid  of  the  atmosphere  surrounding  plants  is  soon  reached,  since 
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oxygen  also  le  a necessary  element  of  TcgeUble  life,  and  to  the  res|nnition,  as  it  has 
been  callnl,  of  plants  as  to  that  of  animob,  more  than  a certain  percentage  of  carbonic 
acid  in  the  air  is  injurious.  The  presence  of  light  is  absolutely  essentisd  to  the  accu- 
mulation of  fresh  material  in  the  body  cf  a plant.  In  its  absence  the  oxidising  pro- 
cesses l>ecome  prominent  and  a certain  amount  of  morphological  change  and  even 
chemical  transformation  of  material  can  take  place.  This  is  very  well  shown 
by  the  experiments  of  Boussingault  (Ann.  Sc.  Nat.  [t.]  i.  p.  314)  on  beans  groirn 
on  a prepared  soil  in  light  and  in  darkness.  In  the  light,  a seed  weighing  *922  grm. 
grew  in  26  days  to  a plant  whose  dry  weight  was  1*293  grm.,  showing  an  increase  of 
*371  grm.  which  con8ist»*d  of  *1926  grm.  carbon,  *02  grm.  hydrogen,  and  *1391 
oxygen.  In  the  dark  a seed  weighing  *926  grm.  grew  in  the  same  time  and  under  the 
same  conditions,  except  those  of  light,  to  a plant  weighing  when  dried,  *666  grm., 
showing  a loss  of  *360  grm.,  which  con.sisted  of  *1698  carbon,  *0232  hydrogen,  *1766 
oxygen.  In  the  light  there  was  a storing  up  of  the  elements  of  carbonic  acid  and 
water ; in  the  dark  a waste  of  the  same.  In  the  light  the  deoxidising  or  purely  rege- 
table  process  was  pnHlominant ; in  the  dark  the  oxidising  or  purely  animal  process. 
The  latter  supplic‘d  the  force  requisite  for  the  partial  deToloproent  of  the  plant.  The 
nature  of  the  chemical  transformations  taking  place  in  darkness  is  shown  by  the 
following  composition  of  beans  and  bean  plants  aner  21  days’  growth  in  darkness : 


Srrd. 

Total  weight. 

Starch. 

Sugar. 

CalluloM. 

Oil. 

Kitrogenoua 

matter. 

Mineral 

matter. 

Seed 

. 8-636 

6*386 

■516 

■463 

*880 

*166 

I’luDt  (dried).  4 i29 

•777 

■963 

1-316 

•160 

•880 

•166 

There  was  therefore  a production  of  cellulose  out  of  starch  during  darkness.  The  influ- 
ence of  the  absence  or  presence  of  light  on  the  derelopmcnt  of  various  notable  pro- 
ducts, particularly  of  those  which  may  be  regarded  as  retained  excretions,  such  as  the 
alkaloids,  is  well  known.  Boussingault  regards  the  asparagine  which  is  accumulated 
in  beans  growing  in  darkness  us  the  vegetable  physiological  analogue  of  the  animal  urea. 

The  Boil-materiulH  may  be  divided  into  the  “nitrogenous”  and  •*  mineraL”  Nitrogen 
is  an  essential  clement  in  the  food  of  plants,  and  us  we  have  seim,  is  probably  derived 
fri>m  the  soil.  Though  the  quantity  of  it  present  in  the  seed  may  in  many  cases  serve 
for  the  purposes  of  nutrition  until  the  plant  has  arrived  at  a cunsidenible  bulk  and 
accumulated  a large  stock  of  carbon-compounds,  a limit  is  at  last  reached  beyond  which, 
without  a further  supply  of  nitrogen,  no  further  growth  can  take  place.  This  is  very 
well  shown  by  the  experiments  ofStohmann  {Ux.  cit.)  and  of  Lawes  and  Gilbert 
{U>c.  cit.).  The  results  of  the  last  obser\*or8  show  a very  close  connection  between  the 
presence  of  nitn^enuus  bodies  (ammonia)  in  the  soil  and  the  accumulation  in  the  plant 
not  only  of  nitn^en  but  also  of  carlxin-compounds.  The  increase  in  carbohydrates  is 
however  by  no  means  proportionate  to  the  gain  in  nitrogen.  A large  amount  of  the 
funner  is  very  often  amassed  by  means  of  a very  small  quantity  of  the  latter.  In 
animals  nitrogen  is  always  in  the  foreground,  and  is,  so  to  speak,  the  guide  and 
governor  of  the  total  metamorphosis;  in  plants  nitrogen  is  in  the  back -ground,  and  is, 
as  far  as  quantity  is  concerned,  the  meanest  of  the  factors  of  nutrition. 

“ Mineral  matters,”  on  the  contrary,  while  they  hold  a very  subordinate  position  as 
food-elements  in  the  case  of  animals,  arc  of  primary  importance  for  the  nutrition  of 
plants.  Their  influence  is  very  clearly  shown  by  growing  a plant  in  distilled  water  or 
prepared  soil  For  a while  there  may  be  observtd  a growth  consisting  partly  in  the 
transformation  of  the  contents  of  the  seed  and  partly  in  the  storing  up  of  new  material 
through  the  agency  of  the  unoccupied  mineral  matter  there  accumulated ; but,  as  soon 
as  these  are  exhausted,  no  new  stun  is  formed  and  the  plant  thereupon  speedily  perishes. 
All  plants  have  not  the  same  mineral  constituents,  each  species  seeming  to  make  a 
qualitative  and  quantitative  selt'Ction  from  the  soil  of  material  best  fitted  for  its  wel- 
fare. So  fundamental  is  this  law  that  plants  ore  often  spoken  of  as  lime-plants,  sili- 
cious  plants,  potash-plants,  &c.  And  Rtohmann  {loc.  cif.)  has  shown  by  direct 
expenments  that,  in  the  case  of  maize  for  instance,  oU  the  mineral  food  elements  have 
an  independent  value,  that  potash  cannot  supply  the  place  of  soda,  nor  magnesia  that 
of  lime,  nor  lime  that  of  magnesia.  But,  though  all  the  mineral  constituents  of  a plant 
are  necessary  for  its  growth,  they  are  not  all  oi  equal  value  as  factors  of  nutrition.  The 
ashes  of  a plant  are  not,  like  the  skeleton  of  an  animal,  merely  the  framework  of  its 
body ; minerals  arc  not  absorbed  from  the  soil  simply  for  the  purpose  of  building  up 
such  a framework.  Ou  the  contrary,  tliey  are  closely  interwoven  with  and  intimately 
conncctcni  with  the  formation  of  organic  compounds,  and  their  chief  function  in  the 
vegetable  mmoiiiy  is  to  assist  in  the  construction  of  those  compounds.  In  other  words, 
the  growili  of  a plant,  that  is  more  jMirtieularly  the  manufacture  of  vt‘getable  protlmts, 
is  a function  of  its  mineral  food  eh  ments.  Nome  of  those  minerals  arc  more  active  in 
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this  way  than  others,  and  certain  elements  aro  especially  associatcMl  with  certain  pro- 
dacts.  Thus  there  is  reiison  to  believe  that  tlie  alkalia  an*  peculiarly  wunected  with 
tlie  formation  of  the  carbohydrates,  phosphates  with  tJiat  of  protein  matt<*rs,  &c. 
That  is  to  say,  an  increased  absorption  or  assimilntion  of  alkalis  is  equivalent  to  an 
increased  funuation  of  carbohydrates,  &c.  In  the  case  of  someotlnT  minerals,  no  such 
coDoection  can  be  traced.  Thus  Sachs  found  that  maize,  which  generally  contains 
18*25  per  cent,  of  silica  in  its  ash,  would  when  debarred  from  the  same  attain  its  usual 
height  and  bulk,  and  bear  seeds  capable  of  germination  with  only  *7  per  cent. 

Inasmuch  as  tho  oxidising  and  destructive  portion  of  vegetable  life  is  quite  as 
essential  to  the  growth  and  welfare  of  a plant  as  the  deoxidising  portion  whicli  more 
directly  lead.s  to  the  storing  up  of  material,  oxygen  must  also  be  considered  os  a factor 
of  the  nutrition  of  plants. 

All  these  factors  arc  absolutely  easentnil,  though,  as  has  been  said,  of  unequal  value. 
The  effects  of  increments  of  each  placed  at  the  disposal  of  a plant  will  be  limited 
partly  by  tho  nature  of  the  factor  itself,  and  partly  by  the  disposition  of  other  factors. 
Thus  increase  of  “minerals”  may  in  certain  cases  prove  effectual  far  beyond  any 
increase  in  “ nitrogenous  matters,”  but  the  i ffeet  will  depend  most  closely  on  the 
amoont  of  carbonic  acid  and  solar  energy  available  fur  use.  So  carbonic  acid  and  solar 
energy  are  limited  in  their  usefulness  by  the  abs»*nce  of  soil-matcrijvls.  Practically 
^►eaking,  however,  tho  carbonic  acid  of  the  atma-phere  and  solar  enei^  are  beyond 
the  control  of  man.  Cous^'quently  the  nutrition  of  plants  is  modified  by  him  through 
variations  in  soil-materials.  (See  Manures.) 

The  series  of  changes  through  which  the  inorganic  elements  of  the  food  puss  into 
the  organic  Timetable  products  are  very  im^rfectly  known.  The  non-aitrogenous 
products  probably  behave  as  follows.  The  mineral  matters  and  water  absorlied  by  tho 
roots  pass  upwards  as  crude  sap  into  the  leaves  and  other  clilorophyll-containing  organs. 
Here,  under  the  infiueuce  of  the  solar  rays,  theymingle  with  carbonic  acid  derived  frcjm 
the  atmosphere,  and  processes  are  set  up  which  result  in  the  lilx  ration  of  a certain 
quantity  of  oxygen  and  the  detention  of  carbon  and  hydrogen  as  constituents  of  certain 
organic  componnds.  These  resulting  compounds  may  be  either  deposited  in  the  leaves 
as  starch,  &e,  or  pass  to  other  parts  of  tho  plant  as  nutritious  elaborated  sap,  to  be 
depusiu^  or  consumed  as  occasion  demands.  The  presence  of  chlorophyll  seems  to  bo 
essential  to  the  accomplishment  of  the  metamorphosis.  Thus,  when  a seed  is  allowed 
to  germinate  in  the  dark,  a limited  growth  takes  place,  as  the  result  not  of  any  forma- 
tion of  new  material,  but  of  a transplantation  of  tlie  old.  No  chlorophyll  is  produced,  no 
starch ; no  carbonic  acid  is  absorb^,  no  oxygen  liberated.  When  all  tho  protein  sub- 
sUoee,  starcli,  &c.  of  the  seed  has  been  transplanted  into  tho  stem  and  leaves  and 
dep«ited  there  as  protoplasm,  cellulose,  &c.,  the  plant  perishee  for  lack  of  food.  If, 
however,  before  that  occurs,  it  be  exposed  to  light,  certain  granules  of  chlorophyll, 
preriously  deposited  in  the  protoplasm  of  some  of  the  loaf-cells  and  possessing  a yellow 
coloor,  gi^ually  become  green.  If  tho  light  be  insufilicient,  no  progress  is  made  beyond 
this  stage,  and  the  plant  in  this  case  too  perishes  by  starvation.  With  more  light 
t^tarch  is  formed  in  the  chlorophyll,  and  the  plant  lives  and  flourishes.  Since  only  in 
the  parts  where  chlorophyll  exists  is  carbonic  acid  absorbed  and  oxygon  lilx'rated,  and 
fince  only  when  there  is  chlorophyll  somewhere  in  the  plant  is  there  any  formation  of 
starch  at  all,  it  seems  reasonable  to  suppose  that  tho  presence  of  chlorophyll  is  essou- 
tul  to  the  construction  of  starch,  and  that  when  starch  accumulates  in  any  part  fnH> 
from  chlorophyll,  it  has  been  carried  thither  from  elsewhere,  not  generated  on  the  spot. 
The  fact  that  the  green  (chlorophyllic)  parts  of  plants  absorb  the  so-called  actinic  niys 
of  the  spectrum,  has  been  considered  a proof  that  these  rays  alone  contribute  the  force 
n'qairod  for  the  liberation  of  oxygtm  from  the  carbonic  acid.  Draper  and  Daubcuy, 
however,  maintain  from  direct  experiments  that  only  or  chiefly  the  luminous  rays  arc 
Concerned  in  the  process.  And  it  is  uncertain  to  what  part  of  the  spectrum  is  duo  tho 
change  to  green  chlorophyll  from  its  yellow  or  uucoloured  antecedi  nts,  and  wlu  ther 
particular  rays  have  any  influence  in  determining  the  formation  of  particular  varieties 
of  the  carbohydrates  and  other  compounds. 

Opinions  concerning  the  share  token  in  the  deoxidising  process  by  tho  mineral 
coMtituents  and  the  exact  stages  passed  through  by  tlie  carbon  arc  purely  theoretical. 
It  is  unknown  whether  the  oxygen  arises  from  a direct  cleaving  of  the  carbonic  acid  or 
whether  it  is  thrown  off  at  the  end  of,  or  by  fraction.s  in  the  course  of,  a long  scries  of 
changes.  It  has  been  sugge^stM  that  the  carbohydrates  may  bo  formed  by  the  carbon 
Phasing  through  a series  of  acids  of  increasing  carbon-power  for  which  the  alkalis,  &e. 
(apparently  so  closely  connected  with  the  carbohydrates)  serve  as  bases. 

The  observations  of  Lawes  and  Gilbert  (Phil.  Trans.  1801,  ii.  p.  493)  show  the 
great  rapidity  with  which  carbonic  acid  is  reduced  in  the  light,  and  oxygen  consumetl 
in  the  dark,  and  support  the  opinion  that  “ there  can  be  little  or  no  oxygen  in  the  living 
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cells  of  plants  during  the  night  or  during  cloudy  days.**  They  also  suggest  the  “ idea  that 
there  may  be  during  exposure  to  light,  in  the  outer  cells  which  are  penetrated  by  the 
sun’s  pays,  u reduction  of  carbonic  acid  with  fixation  of  carbon  and  evolution  of  oxygen, 
at  the  same  time  that  in  the  deeper  cells  there  is  taking  place  the  converse  process  of 
oxidation  of  carbon  and  formation  of  carbonic  acid.**  In  such  case  the  oxygen  of  the 
outer  cells  would  pass  inwards,  oxidising  the  mort»  deeply  deposited  carbon  compounds, 
while  the  carbonic  acid  of  the  inner  cells  would  pass  outward  to  be  there  reduced. 

Some  writers  attribute  much  importance  to  the  fact  of  many  elements  being  set  free 
during  the  organic  changes  in  a " nascent  condition." 

The  career  of  the  nitrogenous  elements  of  the  pLints’  food  is  also  obscure.  It  has  been 
supposed  that  the  nitric  acid  and  ammonia  alvsorbed  by  the  poofs  pass  with  the  rest  of 
the  mineral  constituents  up  to  the  leaves,  and  are  there  elaborated  into  protein  com- 
pounds which  either  remain  us  parts  of  the  leaves  or  become  factors  of  tiie  nutritious 
sap.  A large  portion  of  the  nitrogenous  material  of  a growing  plant  will  be  found  in 
the  form  of  a constituent  of  the  so-called  protoplasm,  the  semi-fluid  occupant  of  the 
vegetible  cell.  In  the  vitalistic  theories  this  pp  t >plasro  is  endued  with  a plastic  foroc^ 
a power  of  moulding  the  form  proper  to  the  plant,  and  is  sometimes  spoken  of  as  presid- 
ing over  the  nutritive  changes. 

The  changes  through  which  ammonia  or  nitric  acid,  with  sulphuric  or  phosphoric 
acid,  assumes  the  form  of  j)rob'in-8ubstance  are  wholly  unknown. 

The  nutritive  processes  of  a plant  are  not  the  same,  nor  is  its  composition  identical 
at  all  epoolis  of  its  life.  Young  plants  are  rich  in  alkalis,  old  ones  in  earthy  and  me- 
tallic oxidt'S  (G arreau,  Ann.  Sc,  Nat.  [4]  xiii. — Corenwinder,  xiv.).  The 

active  principles"  elaboruted  by  certain  plants  often  appear  at  paiticular  ages  only. 
The  phenomena  of  " migration  " play  a very  important  part  during  the  whole  of  the 
pbint’s  <‘xi8tence.  Thus,  during  germination,  the  protein  matter  or  alcuron  of  the  seed 
be^'omes  liquefied  and  the  stanch  is  converted  into  dextrin,  and  perhaps  into  sugar  with 
evolution  of  carbonic  acid.  The  semi-liquid  mass  formed  by  the  mixture  of  these 
bodies  then  migrates  into  the  growing  cotyledons,  stem  and  root,  or  rather  forms  them 
by  the  extension  of  itself  through  chemical  and  morphological  changes  resulting  in  the 
building  up  of  cellulose  and  cells.  There  is  no  loss  of  protein-matter  during  this  trans- 
action, but  the  sum  of  the  starch,  dextrin,  sugar  and  cellulose  of  the  plant  are  tc^ther 
less  than  the  starch  of  the  original  seed.  Solar  energy,  carbonic  acid,  and  soil-mate- 
rials being  present,  new  material  is  constructed  and  growth  proceeds.  As  the  leaves 
wither  and  die,  a certain  amount  of  material,  namely  the  protoplasm,  is  withdrawn 
from  them  and  migrates  to  the  still  living  organs.  Hence,  dead  leaves  consist  mostly 
of  cellulose  with  certain  other  matters  peculiarly  connected  with  that  substance,  pro- 
tein, starch,  and  sugar,  alkalis,  and  phosphoric  acid,  being  left  in  exceedingly  small 
quantities.  As  life  advances,  growth  wdif  for  a certain  time  take  place  chiefly  in  the 
leaves  as  di.stinguished  from  the  roots.  Thus  Anderson  found  that  in  tnrnips  grow- 
ing from  July  7 to  August  11,  the  leaves  increase  d more  tlmn  four  times  ns  fa.st  as  the 
roots.  At  a later  epoch  the  process  is  reversed.  In  tumins  growing  fmm  August  1 1 to 
September  1,  the  roots  increa.sed  nearly  twice  as  fast  as  the  leaves.  That  is  to  say,  of 
the  material  elaborated  by  the  leaves,  a ve^  large  proportion  did  not  remain  in  those 
organs  but  mignited  to  the  roots.  In  turnips  growing  from  September  1 to  October  6, 
the  leaves  wore  found  to  have  decreased  in  weight,  some  leaves  in  fact  had  withered  and 
fallen  off,  but  tho  roots  hud  vastly  increased.  In  other  words,  the  migration  from  the 
li-aves  to  the  root  had  been  very  active,  the  latter  ot^ns  acting  as  storehou.«<^«  for  the 
stuffs  constructed  in  the  former.  Further  on  in  life,  another  change  takes  place.  The 
material  amassed  in  the  root  miCTates  once  more  into  the  leaves,  when  these  are  formed 
again  witli  the  return  of  warmth.  Finally,  the  plant  flowers  and  seeds,  material  is 
withdrawn  from  both  leaves  and  root,  takes  its  last  migration,  and  finds  its  last 
resting-place  in  its  first  starting-place,  the  albumen  of  the  seed  ; the  dead  leaves  and 
stem  representing  very  little  more  than  so  much  cellulose.  A very  similar  migration 
may  be  traced  in  the  storing  up  of  starch  in  the  tuber  of  the  potato,  in  the  stem  of 
the  palm,  and  in  a multitude  of  other  instances.  The  history  of  the  metamorphosis 
and  migration  of  material  in  olives  has  been  traced  by  Be  Luca  (Ann.  Sc.  Nat. 
(iv.),  xviii.).  Mannite  appears  in  the  young  olive  leaves  at  first  in  very  small  quan- 
tities, but  increases  in  amount  as  development  proceeds  until  the  epoch  of  flowering, 
when  it  bt'gins  to  diminish.  By  the  time  the  leaves  are  withered  it  has  nearly  dis- 
appeared. It  is  also  found  in  young  flowers,  but  disappears  as  they  reach  perfection. 
It  occurs,  too,  in  the  unripe  fruit,  but  gives  place  to  oil  during  maturation.  A very 
close  connection  is  observ^  between  chlorophyll  and  mannite  on  the  one  hand,  and 
between  mannite  and  oil  on  the  other,  the  mode  of  the  development  of  the  latter  being 
thus  indicated.  M.  F. 
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innc  VOBKXCA.  See  Stktcbkos. 

MIMPBJBA.  The  ash  of  »ho  leaves  and  stalks  of  Nymphn  alba  and  N.  luiea  has 
been  analysed  by  Schulz -Fleet  h (Fogg.  Ann.  Ixxxiv.  80); — 
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The  young  leaves  and  stalks  of  A',  lutra  yielded,  after  drying,  7'96  per  cent.  ash.  the 
old  leaves  of  the  same  1015  per  cent,  and  the  leaves  and  stalks  of  N.  alba  12'99  per 
cent 
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OATS.  Sec  CsBEAieS  (i.  823). 

OBBZDXAir  Hnd  POSlZCll.  Obmdian  is  a glassj  modification  of  fcispathic  or 
tracb/tic  lava.  Pumice  is  a porous,  fibrous,  capillar}*  or  tumefied  mass,  produced  by 
tbr  operation  of  various  external  agencies,  chiefly  aqiUH)us  vapour  and  a certain  tem- 
prsturc  in  these  lavas  while  in  the  fluid  state.  Many  obsidians,  when  ignited  in  lumps, 
become  brightly  incandescent,  and  swell  up  to  a tumefied  mass  of  pumice,  which, 
scconliog  to  Abich,  is  more  like  natural  pumice  in  proportion  as  the  mineral  contains 
le»s  silica  and  more  alkali.  Pulverised  obsidian  does  not  exhibit  these  phenomena, 
but  merely  turns  brown.  Obsidians  heated  above  the  point  at  which  the  formation  of 
pumice  takes  place,  melt  to  a greenish  glass.  Similar  glasses  are  also  formed  by  the 
natural  fusion  of  pumice.  Both  pumice  and  obsidian  appear  to  be  but  little  attacked 
by  adds. 

These  minerals  may  be  divided  into  two  groups: — A.  Those  in  which  the  silica 
amounts  to  about  60  per  cent,  leas  therefore  than  in  glassy  felspu  (ii.  620);  the 
pumices  belonging  to  this  group  are  tumefied,  and  have  a dirty  white  or  grey-green 
eolour.-»-B.  Those  in  which  the  silica  amounts  to  70-80  percent ; the  pumices  belong* 
ing  to  this  division  are  fibro-capillary,  white,  and  bare  a silky  lustre. 

a.  Obsidian  from  Teneriffe:  specific  gravity  2 628  (Abich,  Oeol<^.  Unfers.  p.  62), 
—i.  Pumice  from  the  same:  specific  gravity  2*477  (Abich). — c.  Pumice  from  the 
Pblegraean  Fields : specific  gravity  2*411  ^Abich). — rf.  Pumice  from  Uactuounga,  at 
the  foot  of  Cotopaxi  (Abich).— c.  01>sidian  from  Li  pari : specific  gravity  2*370. — 
f.  Pumice  from  the  same:  specific  gravity  2*77  (Abich). Obsidian  porphyry  from 
the  greater  Ararat  (Abich). — h.  Obsidian  from  Moldavia,  Bohemia  (v.  Hauer, 
Jahrb.  GeoL  Reichsaust,  v.  868). 


With  about  60  per  cent,  itlka.  With  70  M per  cent.  iDicAH 
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The  close  agreement  between  the  analyses  of  obsidian  and  pumice  from  the  same 
locality,  for  example  a,  h and  e,  /,  shows  that  the  two  are  merely  modifications  of  the 
same  mineral. 

The  analyses  show  also  that  obsidian  and  pnmice  consist  mainly  of  feUpathic  sub- 
B^nce;  they  always,  however,  contain  small' quantities  of  earths,  and  iron-oxides, 
indicating  an  admixture  of  augite,  olivin  and  magnetic  iron  ore.  The  obsidian  and 
pumice  of  Teneriffe  (a,  6)  consist  i^ost  entirely  of  oligoclase,  which  mineral  likewise 
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occurs  pure  in  the  midst  of  them.  The  pumice  of  the  Phlegrman  fields  (c),  also  that 
of  Ischia,  Procida,  and  the  volcano  of  Arequipa,  in  Bob'via,  wliicb  contaiu  but  little  more 
than  60  per  cent,  silica,  also  consist  mainly  of  oligocdase  more  or  less  pure.  The 
minerals  of  the  division  P,  which  contain  a rath«*r  large  proportion  of  potash,  appear 
to  be  mixtures  of  free  silica  with  oligoclasc  and  glassy  felspar  (ii.  620X  The  water  in 
pumice  is  merely  hygroscopic.  The  small  quantities  of  chlorine  are  present  as  chloride 
of  sodium  or  chloride  of  ammonium,  which  salt.s  are  fn^quently  found  in  and  upon  lava. 

The  pumice  from  the  neighbourhood  of  LakeLaach,  analyst  by  Schaffer,  exhibits 
a composition  different  from  the  preceding,  containing  only  about  60-58  per  cent, 
silica ; and  two  specimens  of  obsidian  from  the  great  volcano  of  Hawaii  differ  still  more 
in  composition  therefrom.  A capillary  variety  yielded  61*19  per  cent,  silica,  30*26 
ferrous  oxide,  and  1816  magnesia  99‘6l);  a glassy  variety,  39*74  silica,  10*55 
alumina,  22  29  ferrous  oxide,  2*74  lime,  2*40  magneaia,  21*62  soda,  and  0*33  water 
(b  99*67).  The  former  appears  to  be  an  augito,  (Mg;  Fe)*SiO*;  the  latter  is  also 
probablv  an  augito,  but  with  an  unusually  large  quantity  of  soda.  (Rammolsberg's 
MineraJekemUt  p.  637.) 

OOHSAjr.  A variety  of  bole  from  Orawicza  in  the  Bnunat,  containing  31*3  per 
cent,  silica,  43  0 alumina,  1*2  ferric  oxide,  and  21*0  water.  (Kerston.) 

OCH&B.  A term  applied  to  many  metallic  oxides  occuring  in  an  earthy  or 
pulverulent  form : e.  g.  iron  or  red  ochre,  or  molybdic  ochre,  &c. 

OCBXOrra.  An  impure  cerite  mixed  with  quarts,  analysed  by  Klaproth. 

OCBOTA  on  or  CABSPBOB*  Syn.  with  JuAV&a  or  BaT-iiKUBT  Caurnoa 
(iii.  476). 

OCTABBDBXTB.  Syn.  with  Anatasb  (i.  289). 

OCTTl*.  Ca^irgL  — The  eighth  alcohol-radicle  of  the  senes 

According  to  Bouts  (Compt.  rend,  xxxviii.  735)  it  may  be  separatinl  from  the  chloride, 
C*H*’C1,  by  the  acetate  of  sodium  in  the  cold.  In  the  free  state  it  is  repn  sent<*d  by 
the  formula  (see  Ai.conoL-RAPiri.Ks,  i.  96),  and  is  isomeric,  or  perhaps  identical 

with  hydride  of  cetyl,  (see  Hydhipbs,  iii  182). 

OCTT^  BROMXBK  OP.  — Obtained  by  treating  octylie  alcohol  with 

bromine  and  phosphorus.  It  is  an  oily  liquid,  smelling  like  the  chloride,  heavier  than 
water,  insoluble  in  water,  soluble  in  alcohol.  It  boils  with  di^compusition  at  190'^, 
and  leaves  a carbonaceous  residue  when  distilled ; bums  with  a smoky  green-edged 
flame.  It  is  decomposed  by  potash,  yielding  bromide  of  potassium  and  ootylic  alcohol, 
and  precipitates  silver-salts  in  alcoholic  solution,  but  more  slowly  than  the  iodide. 

OCrn»  OBXiOBZSB  or.  C"H''C1.— Produced:  1.  By  the  action  of  hydro- 
chloric acid  or  pentachloride  of  phosphorus  on  octylic  alcohol  (Bonis,  Ann.  Ch.  i’hys. 
[3]  xliv.  128). — 2.  By  that  of  hydrochloric  acid  upon  octyleno  (Berthelot,  Ann.  Clu 
Pharm.  civ.  185).— 3.  By  the  action  of  chlorine  on  hydride  of  octyl  (Schorlemmer, 
Chem.  Soc.  J.  xv.  419);  at  the  boiling  heat  (Wurts,  Jahresb.  1863.  p.  609)  at  40®  — 
50^,  avoiding  an  excess  of  chlorine  (Pclouae  and  Cahours,  Aon.  CL  Pharm.  cxxix. 
91).  It  is  a colourless  liquid,  lighter  than  water,  and  smelling  Like  oranges.  Specific 
gravity  0*892  at  18®  (Schorlemmer);  0*896  at  16®  (Pelouse  and  Cahours). 
Boils  at  176°  (Bouis);  at  170® — 172®  (Schorlemmer);  168^^ — 172®  (Pelouze  and 
Cahours);  at  162® — 167®(Wurtz).  It  bums  withasmokygreen-edgedfiame,  forming 
hydrochloric  acid ; does  not  precipitate  silver-salts ; is  decompo^  by  potassium  or  sodium 
in  the  cold,  yielding  octyl  [or  hydride  of  cetyl]  C**H** ; but  when  it  is  heated  with  sodium 
the  metal  assumes  a violet  colour,  hydrogen  is  evolved;  and  if  the  distilled  liquid  be 
repeatedly  distilled  with  sodium  till  all  the  chlorine  is  removed  from  it,  the  product 
ultimately  obtained  is  octylene  (Bouis).  Chloride  of  octyl  prepared  from  the 
hydride  exhibits  the  same  reaction  as  that  obtained  from  the  alcohol ; when  heated 
with  alcohol  and  acetate  of  potassium,  it  is  resolved  into  octylene  and  octylic  acetate. 
(Pelouze  and  Cahours.) 

OCXTB,  BTDBATB  OP.  Oetglic  Alcohol.  Caprylic  Alcohi^.  CH'bH.O, 
—This  alcohol  is  obtained,  according  to  Bouis  and  other  chemists,  by  distilling  reci- 
Doleate  of  potassium  or  sodium  with  excess  of  caustic  alkali.  Others  again  assert  that 
the  volatile  products  of  this  reaction  are  heptylic  alcohol,  C^H‘*0,  and  mclhyl-ojuamhvl, 
C*H’*0.  These  opposite  views  have  already  been  discussed  in  oonnoction  with  heptylic 
alcohol  (in.  144).  As  there  observed,  We  must  suppose,  ponding  the  furtlior  investi- 
gation of  the  subject,  that  one  or  the  other  of  these  alcohols  is  pnxluc'od,  according  to 
the  particular  circumstances  of  the  reaction.  The  ino<h‘  of  prt'pnratiou  hjis  been  already 
described  ijoc.  cit.),  Aceonling  to  Limpricht  (.4nn.  Ch.  rUarm.  xciii.  242),  the 
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iepftratioD  of  the  niethyl*<Bnanthyl  form^  at  the  same  timo,  is  never  completely 
efferted  br  means  of  acid  sulphite  of  sodium,  on  account  of  the  greasy  nature  of  tho 
compound  formed ; and  the  only  way  of  effectually  removing  this  acetone  is  that 
adopted  by  Bonis,  which  consists  in  repeatedly  distilling  the  liquid  over  fresh  lumps 
of  caustic  potash  as  long  as  any  brown  substance  remains  in  the  residue. 

Oc^lic  alcohol  is  also  produced  by  distilling  acetate  of  octyl  (obtained  from 
Amenoan  petroleum)  with  potash.  (Pel o use  and  Cahonrs,  /oc.  cit.) 

Octyiic  alcohol  is  a colourless  transparent  oily  liqtiid,  having  a strong  aromatic 
odour  and  making  grease-spots  on  paper.  It  has  no  action  on  polarised  liglit 
(Bouis).  It  boils  at  180^  (Bouis) ; at  179^  (Moschnin,  Squire);  at  180® — 184® 
(Pelouze  and  Cahours).  Specific  granty  =i  0 823  at  17®  (Bouis);  0*826  at  16° 
(Peluuze  and  Cahours).  Vapoor^ensity  obs.  » 4*66  (Bouis);  calc,  a 4'61. 
its  compuaition  is  as  follows : * 
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Bachauer,  by  dissolving  sodium  in  the  alcohol  (purified  by  treatment  with  acid 
sulphite  of  sodium)  and  treating  the  resulting  mass  witli  chloride  of  acetyl,  obtained 
acetate  of  octyl  containing  70*0  per  cent,  carbon,  and  11*9  hydrogen,  tho  formula 
C*H\C*H'*)0*  requiring  69*7  carbon,  and  H’6  hydjogen. 

Octyiic  alcohol  is  insoluble  in  toaUr,  but  dlssoives  in  alcoholy  ethety  and 
and  very  readily  in  acttic  acid.  It  dissolves  pho9ph(mUy  sulphury  uniinc,  fused 
ckl»>ride  of  cine,  fats,  resins,  and  copal.  It  rapidly  absorbs  hydrochloric  acid  gas, 
which  however  it  gives  off  again  when  heated.  It  combines  with  chloride  of  calcium, 
forming  very  deliquescent  prisms,  which  dissolve  in  cold  more  fn*ely  than  in  hot 
octyiic  alcohoh  and  are  decomposed  by  water.  (Bouis.) 

Octyiic  alcohol,  when  free  from  methyl-cenanthyl,  is  not  altered  by  exposure  to  the  air, 
or  by  passing  oxygen  through  it  at  the  boiling  heat  (Bouis).  It  is  oxidised  by 
nitric  acid,  yielding  various  tatty  acids.  Sulphuric  acid  dissolves  in  it,  forming  octyf- 
sulphuric  acid,  and  generally  also  octylcno  and  neutral  octvlic  sulphate.  By  fum^ 
fay  sulphuric  acid  it  is  converted,  first  into  octyl-sulphuric  acid,  then,  on  further  action, 
into  meta-octylene  (Bouis).  Fused  chloride  of  cine  converts  it  into  octylene. 
With  glacial  phosph^c  acid  it  yields  octyl-phosphoric  acid.  With  hydroi  hloric  acid, 
pmtachloridc  of  phosphorus,  bromine  and  phosphorus,  and  iodine  and  phosphorus,  it 
exhibits  the  usual  reactions  of  alcohols.  With  pidassium  (or  sodium)  it  yields  a sub- 
stitution-product. Heated  with  quicklime,  it  yields  hydrogen  and  gaseous  hydro- 
carbons. It  reduces  oxide  (but  not  nitrate)  of  stiver,  when  heated  with  it,  forming  a 
metallic  mirror.  (Bouis.) 

ocm,  KTSKX9B  OT.  C*H**  = Hydride  of  Capry/.— This 

hydrocarbon  is  one  of  the  constituents  of  American  petroleum,  and  is  ^und  in  the 
portion  of  the  oil  boiling  between  115®  and  120®  (Pelouse  and  Cahours,  Ann.  Ch. 
Phsnn.  cxxvii.  197;  Jahresb.  1863,  p.  528);  also  among  the  light  oils  obtained  by 
distilling  Wigan  cannel-coal  at  a low  temperature  (Schorlemmer,  Chem.  Soe. 

XT.  419).  It  is  produced,  together  with  many  of  its  homologues,  by  the  action  of  zinc- 
chloride  on  amylic  alcohol,  passing  over,  together  with  octylene,  in  the  portion  of 
liquid  which  distils  between  110®  and  130®;  and  on  treating  this  distiUatc  with 
bromine  which  unites  with  the  octylene,  and  distilling  again  under  a pressure  of  20  mm., 
the  octyiic  hydride  pass<»  over  at  80®  (Wurtz,  Ann.  Ch.  Pharra.  cxxviii.  230; 
Jahresb.  1863,  p.  509).  It  is  a colourless  liquid,  having  a faint  ethereal  odour, 
boiling  zt  119®  (Schorlemmer),  at  115® — 118®  (Wurtz),  at  116® — 118®  (Pelouze 
and  Cahours).  Specific  gravity  ■■  0*728  at  0®  (Wurtz).  Vapour-density  4*01 
(Wurtz),  calc.  » 3*947.  Chlorine  converts  it  into  chloride  of  octyl. 

OCTTli,  ZODXDB  OP.  C*H'’I.  (Bouis,  Ann.  Ch.  Phys.  [3]  xliv.  131. 
— Squire,  Chem.  Soc.  Qu.  J.  vii.  108.) — Obtained  by  the  action  of  iodine  and  phos- 
phorus on  octyiic  alooboL  It  is  an  oily  liquid,  having  an  odour  of  oranges,  boiling 
with  decomposition  at  211®  fBouisX  »t  193®  (Squire).  Specific  gravity  ■>  1*31  at 
16®  (Bouis).  It  bums  with  a smoky  flame,  and  turns  red  on  exposure  to  light, 
Heatid  with  alcoholic  anunonia,  it  yields  hydriodate  of  octylamine  (Squire,  Cahours, 
Bouis);  if  the  octyiic  iodide  is  in  excess,  di-  and  trl-octylamino  arc  likewise  formed 


* vulyies  of  ra»tor-oU,  slcohol,  which  tgree  more  nearly  with  the  7-caiboo  formula,  have  been 
•heedy  given  (Ui.  146). 
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OCTYL,  OXIDE  OF— OCTYLENE. 

(Houis).  With  9odium  or  potAssiom,  it  beflares  like  the  chloride.  Heated  with  f>ro- 
ioatilphide  of  aodium  in  alcoholic  eolution,  it  forms  sulphide  of  octyl  and  iodide  of 
sodium.  Heated  with  mercury,  it  yields  mercurous  iodide,  octylene,  and  free  hydrogen. 
Its  alcoholic  solution  precipitates  nlver-ialU.  (Bouia) 

OCTTXi,  OXX9B  OF.  (C*H'')*0  ? — Obtained,  though  not  pure,  by  distilling 
ootylate  of  sodium  with  chloride  of  octyl;  also  by  distilling  octylic  alcohol  with 
sulphuric  acid,  the  acid  being  heated  in  a retort  and  the  alcohol  allowed  to  flow  in 
slowly.  (Bouis.) 

OCTY'lt,  80XFBX9B  OF.  — When  an  alcoholic  solution  of  proto- 

sulphide of  sodium  is  heated  with  iodide  of  octyl,  till  the  mixture  becomes  turbid, 
sulphide  of  octyl  separates  as  an  oily  liquid,  lighter  than  water,  and  haring  an 
unpleasant  odour.  It  is  slightly  tK>luble  in  alcohol;  decomposes  when  heated. 
(Bouis.) 

OCTFBAMIBB.  Caprylamine,  C?*H'*2'r  » C*H'^H*.If,  (W.  S.  Squire, 

Cliem.  Soc.  Qu.  J.  vii.  108.— Cahours,  Ann,  Ch.  Pharm.  xcii.  399.  — Bouis, 
Aun.  Ch.  Pbys.  [3]  xlir.  139. — Pelonze  and  Cahours,  Jahresb.  1863,  p.  629.) — A 
b;ise  produced  by  heating  alcoholic  ammonia  with  iodide  of  octyl  (Squire,  Cahours, 
Bouis),  or  with  (he  chlonde  (Pelouse  and  Cahours) ; also  by  distilling  a mixture 
of  octylsulphate  aud  cyanate  of  potassium,  and  treating  the  resulting  distiUate  (which 
crystallises  readily,  and  probably  consisU  of  cyanate  and  cyanurute  of  octyl)  with 
potash.  (Bouis.) 

Octylamine  is  a colourless,  bitter,  very  caustic,  inflammable  liquid,  having  an  ammo- 
niacal  fishy  odour.  Specific  gravity  0786  (Squire).  Boiling  point  164®  (Squire) ; 
172® — 175°  (Cahours):  175°  (Bouis);  168® — 172®  (Pelouze  and  Cahours). 
Octylamine  is  insoluble  in  water.  It  precipitates  metallic  salts,  and  dissolves  chloride 
of  silver.  With  iodide  of  octyl,  it  yields  di-  and  tri-octylamine.  With  the  chlorides  of 
bcmoyl  and  cumyl,  it  forms  octyl-l^nzamide,  and  octyl-cumylamide.  (Cahours.) 

Octylamine  unites  readily  with  acids.  The  hydriodair,  C*H**NI,  forms  laige  plates, 
easily  soluble  in  water.  The  hydrochiorate,  C*H**C1,  is  veiy  deliquescent,  but  ulti- 
mately crystallises  in  vacuo,  in  laj^e  nacreous  plates.  The  cfJoroaurate,  C*H*XAuG*. 
is  deposited  from  dilute  solutions  in  shining  yellow  laminse  resembling  iodide  of  lead. 
The  chloroj>leitinatc,  C*H*NPtCl*,  separates  from  boiling  solutions  in  shining  golden- 
yellow  scales  or  large  thin  plates,  easily  soluble  in  alcohol  and  ether.  The  nitrate, 
C*H**N.NO*,  and  sulphate,  (C*H**N)*SO*,  are  cxystallisable  and  readily  soluble  in 
water. 

OCXTBBBB.  Caprylene.  C*H'*. — This  hydrocarbon  is  produced,  as  already  men- 
tioned, by  heating  octylic  alcohol  with  sulphuric  acid  or  fused  chloride  of  rinc  (Bouis); 
by  heating  iodide  or  ^loride  of  octyl  with  sodium  or  mercury  (Bouis);  by  heating 
chloride  of  octyl  with  alcoholic  potash  (Pelonze  and  Cahours) ; also,  together  with 
soveral  other  olefines  and  many  alcoholic  hydrides,  by  the  action  of  chloride  of  rinc  on 
amylic  alcohol  (Wurtz).  It  is  also  formed  together  with  hydrogen,  marsh-gas,  and 
other  gaseous  hydrocarbons,  when  tx*lar^onic  acid  is  distilled  with  potash-lime,  consti- 
tuting the  greater  part  of  the  liquid  distillate  thus  obtained,  which  passes  over  between 
106®  and  110®  (Cahours,  Compt.  rend.  xxxi.  143).  It  may  be  obtained  in  like 
manner  from  other  fatty  acids,  viz.  oenanthylic,  capi^lic,  pwlmitic  acid,  &c.,  and 
appears  to  be  produced  in  the  distillation  of  most  fixed  oils. 

Octylene  is  a very  mobile  oil,  lighter  than  water  and  insoluble  therein,  very  soluble 
in  alcohol  and  ether.  It  boils  without  decomposition  at  126®  (Bouis);  at  116®  — 
120®  (Cahours);  at  118® — 120°  (Pelouzo  and  Cahours) ; below  120®  (Wurtz) ; 
at  115® — 117®  (Schorlemmer).  Vapour-density,  obs.  * 3’86 — 3*90  (Bouis);  4*0 
(Wurtz) ; 4*17  (Schorlemmer) ; calc.  :=  3’878.  It  bums  with  a very  bright  flame. 

It  is  violently  attacked  bv  strong  nitric  acid,  yielding  nitro-  and  dinitro-octylena 
(Cahours).  When  treated  flrst  with  scsqni-hydmted  nitric  acid,  2HN0*.3H*0,  and 
then  with  a mixture  of  filming  nitric  acid  and  oil  of  vitriol,  ityieldsdinitro-octylene, 
C“H**(NO*)*,  which,  after  washing  and  drying,  forms  an  oily  liquid,  heavier  than  water, 
aud  slightly  soluble  in  water,  forming  a solution  having  a strongly  irritating  odour.  It 
is  deoompo^by  distillation,  giving  off  red  vapours,  leaving  a black  residue,  and  yield- 
ing a distillate  of  nitro-octylene,  C*H'*NO*,  a liquid  possessing  similar  properties. 
Octylene  is  not  attacked  by  sodium,  but  if  dry  chlorine  gas  is  passed  into  the  liquid,  a 
violet-coloured  compound  having  the  composition  C*H'*ClNa*  or  C*H’*Na.NaCl,  is 
formed,  with  evolution  of  hydrogen.  With  iodine  and  brojnine,  corresponding  com- 
pounds are  formed.  (Bouis.) 

Meta-octylene,  C'*H”  ? — A hydrocarbon  pol^eric  with  octylene,  obtained  by  the 
prolonged  action  of  fuming  sulphuric  acid  on  octylic  alcohol.  When  purified  by  wash- 
ing with  water,  alcohol  and  aqueous  potash,  it  forms  a colourless  inodorous  liquid  of 
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spmific  gniTity  0’814  at  15°,  and  boiling  with  decomposition  at  250°.  It  is  insoluble 
in  wnter,  nearly  insoluble  in  cold  alcohol,  burns  with  a bright  flame,  is  not  acted  on  by 
boiling  potash.  (Bonis.) 

OCTTLESTE,  ACETATE  OF.  Obtained  by  heating 

%a  ptherval  solution  of  tho  bromide  with  acetate  of  silver  to  100®.  It  is  a thick  oily 
liquid,  boiling  between  240°  and  245°  (Wurtz);  245°  and  250°  ^De  Clermont). 

OCTTXtSVS,  BROBCXSB  07*  CH'*Br*. — Produced  by  direct  combination 

{f.g.  by  the  action  of  bromine  on  the  mixture  of  octylene  and  octylic  hydride  occurring 
amuDgst  the  products  of  the  decomposition  of  amylic  alcohol  by  chloride  of  zinc).  It 
is  an  amberni^oloured  heavy  liquid,  which  cannot  be  distilled  without  decomposition, 
even  in  rarefied  air.  (Wurtz.) 

OOTTBBWB,  KTBRATB  OF.  OH'W  « Octglic  Glycof. 

Octyienic  alcohol.  (P.  D e Clermont,  Compt.  rend.  lix.  fiO ; Ann.  Ch.  Pharm.  Suppl.  iii. 
254.) — Obtained  b^ decomposing  the  acetate  with  finely  pulverised  potash  added  by  small 
portions,distiilinginan  oibbath.  repeating  the  whole  process  several  times,  and  purifying 
the  product  by  fractional  distillation.  It  is  a thick,  oily,  colourltsss,  inodorous  liquii^ 
having  a burning  aromatic  taste,  insoluble  in  water,  soluble  in  alcohol  and  in  ether. 
Specific  gravity  « 0'932  at  0°,  and  0 920  at  29°.  I^ils  between  235°  and  240°. 

ocxmorn,  HTSRATocBZiOSxns  or.  c*n"Cio  = 

Octylrnxc  C%forAyrfr<«.— This  compound  is  formed:  1.  By  the  action  of  strong  hydro- 
chloric acid  on  octylenic  alcohol ; — 2.  By  the  action  of  hypochlorous  acid  on  octylene. 
The  first  reaction  yields  a very  impure  product.  To  prepare  the  compound  by  the 
second,  pure  octylene  is  added  to  a solution  containing  2 or  3 per  cent,  hypochlorous 
acid,  obtained,  according  to  the  method  of  Carius  (Ann.  Ch.  Pharm.  exxn.  105),  by 
agitating  chlorine  gas  as  free  a.s  possible  from  sir,  with  mercuric  oxide  previously 
heated  to  300°,  and  suspt'uded  in  a small  quantity  of  water.* 

The  prodact  is  a mixture  of  mercuric  oxychloride,  water,  and  hydmtocbloride  of 
octylene.  The  latter  is  extracted  by  ether,  the  mercury  precipitate  by  sulphydric 
acid,  the  excess  of  acid  neutralised  by  carbonate  of  sodium,  and  tlie  liquid  submitted 
to  factional  distillation.  The  hydratochloride  is  then  obbiined  nearly  pure,  in  the 
form  of  an  aromatic  liquid  boiling  between  204°  and  208°.  (De  Clermont,  loc.  ct'^.) 

OCVBA-WAX.  A vegetable  wax  obtained  from  the  fruit  of  Myristica  ocuha^ 
o/Setno/u  or  uhxfrra,  a plant  growing  abundiintly  in  the  marshy  grounds  on  the  shores 
of  the  Amazon  and  its  tributaries.  The  shelled  fruit,  bruised  and  boiled  with  water, 
yields  from  18  to  19  per  cent,  of  the  wax,  which  is  yellowish>white,  of  the  consistence 
of  bees-wax,  melts  at  36°,  dissolves  in  boiling  alcohol.  It  contains,  according  to  Lewy's 
analysis,  74*U  per  cent,  carbon,  1 1*3  hydrogen,  and  14*7  oxygen,  but  is  most  probably  a 
mixture  of  different  fats.  It  is  easily  bleachiHl,  and  is  used  extensively  in  Brazil  fur 
the  manufacture  of  candles. 

ODmx.  (Anderson,  Ann.  Ch.  Pharm.  Ixiii.  370.) — When  fats  or  oils  contain- 
ing oleic  acid  are  distilled  witii  sulphur,  u fetid  oil  passes  over,  which  may  l>e  separated 
by  rectification  into  several  others,  the  first  of  which  i.s  a limpid  oil  Ixjiling  at  about 
71°;  but  the  quantity  of  this  limpid  oil  is  but  small,  and  it  is  not  found  possible  to 
obtain  fractions  of  constant  boiling  point.  The  crude  oil  dissolved  in  alcohol  yields 
precipitates  with  various  metallic  salts.  With  mercuric  chloride,  n white  precipitate 
w formed,  yielding  by  analysis,  14*61  per  cent,  carbon,  2*72  hydrogen,  60  01  mercury, 
10-25— 10*67  chlorine,  and  12*48  sulphur,  whence  Anderson  deuces  the  formula 
C*fPS*.2ffyCl  + regarding  the  precipitate  as  a compound  of  mercuric 

chloride  and  mercurous  sulphide  with  the  l>ody  which  he  calls  sulphide  of  inlmyl. 

Oerbardt,  on  the  other  hand  {Traite,  ii.  637),  suggests  the  formula  C*H*UgS,HgCl. 
(requiring  14*76  C,2*80  H,  61*22  Hg,  11*07  Ci  and  10*15  S),  representing  it  as  a compound 
of  mercuric  chloride  with  mercuric  sulph<jtetrylat4'  (analogous  to  mercuric  sulphethy- 
Ute  or  mercaptide,  ii.  548).  The  mercury  precipitate  suspendinl  in  water  is  blackened 
and  decomposed  by  sulphydric  acid,  and  the  liquid  yields  by  distillation  a limpid  oil, 
lighter  than  water,  and  liaving  a repulsive  odour  like  that  of  certain  umbolliforous 
plants.  This  oil  (regarded  by  Audersou  as  sidphidc  of  odinyl^  but  perhaps  eousisting 

* Th«  profMrtion*  required  are  15  zrmi.  mercuric  oxide  to  a litre  of  chlorine.  The  agitation  mutt 
he  performed  iu  a dark  [iiace  and  In  bottle^  not  containing  m.irc  th^n  a litre.  With  Urger quant Uiea,  the 
promt  laili  frum  forntatlon  of  mercuric  chlorate.  Furc  hypochlorout  acid  ia  not  well  nda.>ted  for  ex- 
P^rimentft  hkc  the  above,  aa  it  ea«lly  give*  off  chlorine,  even  in  dilute  lolntimi.  Tiie  loliittou  obtained 
at  jiiit  Qctcribed  i>hou!d  therefore  be  mixed  with  a iinaU  aduitiunnl  quantity  of  mercuric  oxide  pre- 
viously heated  to  aud  luipeniied  in  a amall  quantity  of  water.  (Carius.; 
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of  t«tiyl-8nlphydric  acid,  or  tetrylic  mercaptan)  givea  with  alcoholic  mercuric  chloride 
a whiu«  precipitate,  exactly  resembling  tlie  preceding,  and  with  pUtinic  chloride  a 
yellow  precipiUite  similar  to  that  obtained  with  the  limpid  oil  obtained  by  rectifying 
the  crude  sulphuretted  oiL 

OOO&XWB.  A volatile  base  obtained  by  Unvordorben  from  bone-oil  It  appears 
to  have  been  impure  picoline. 

ODOSTTOXtlTB.  See  Tubquois. 

<EKAKTBZC  AGIO  and  STHZOl.  (Liebig  and  Pelouze,  Ann.  Ch.  Fharm. 
xix.  241.— ^Delffs,  ibid.  Ixxx.  290). — The  name  ccnanthic  ether  was  given  by  Liebig 
and  IVlouze  to  an  ethereal  liquid  which  exists  in  all  wines  and  is  the  source  of  their 
peculiar  odour,  causing  a few  drops  of  wine  left  in  a bottle  to  be  distinctly*  smelt, 
whereas  a mixture  of  pure  alcohol  and  water  of  the  same  alcoholic  strength  as  wine 
has  scarcely  any  odour.  This  ether  remains  in  small  quantity  as  an  oily  liquid,*  when 
laige  quantities  of  wine  are  distilled;  it  may  bo  obtained  with  greater  hicility  by 
distilling  wine-lees  w ith  half  its  bulk  of  water,  taking  care  that  the  mass  does  not 
carbonise.  The  distillate  contains  a small  quantity  of  free  acid  iix>m  which  it  may  be 
freed  by  washing  with  aqueous  carbonate  of  sodium. 

When  thus  purified  and  dried,  mnanthic  ether  is  a yeiyr  mobile  liquid,  haying  a very 
strong  vinous  odour,  almost  intoxicating  when  inhaled.  Its  taste  is  very  strong  and 
disagreeable.  It  dissolves  easily  in  ether  and  in  alcohol  even  when  the  latter  is  rather 
dilute,  not  perceptibly  in  water.  Sp.  gr.  = 0*862  (Liebig  and  Pelouze);  0‘8725  at 
(Delffs).  Boils  between  225^^  and  230®  (L.  and  P.) ; at  224®  (Delff^  It  gives 
by  analysis  70'6 — 71'5  per  cent,  carbon  and  118 — 12*1  hydrogen,  whence  Biebig  and 
Pelouze  deduce  the  formula  (calc,  72*0  per  cenL  C and  12*0  H),  regarding 

the  compound  as  the  etbylic  ether  of  cenanthic  acid,|C*/f'^0*.  Del£b,  on  the  other 
hand,  coi».siders  it  to  be  identical  with  pelargonute  of  ethyl  or  = 

C"H'TO’H*)Ol  (r^uiring  71*0  per  cent.  C and  11*8  H).  The  vapour-density  is  9 8 
according  to  liebig  and  Pelouze;  7*04  at  270^  according  to  Delffs;  the  calculated 
vupour-dc'nsity  of  pelargonic  ether  is  6*45. 

By  treating  cenonthic  ether  with  an  alkali,  and  decomposing  the  product  with  sul- 
phuric acid,  cenanthic  acid  is  obtained  as  an  oil  which  may  be  washed  with  w*arm 
water,  and  dried  with  chloride  of  calcium,  or  in  vacuo  over  oil  of  vitriuL  This 
acid  forms  at  13®  a colourless  buttery  mass,  melting  at  a higher  temperuturo  to  a 
colourless,  tasteless,  inodorous  oil,  which  reddens  litmus,  and  dissolves  easily  in 
and  alkaline  carl>ooates,  also  in  other  and  in  alcohol.  It  contains,  according  to  Liebig 
and  Prlouze,  68*6— 67*5  per  cent,  carbon,  and  11*6  hydrogen,  whence  they  deduce  the 
formula  C*/f‘*0*  (calc.  68*85  C,  and  11*5  U).  Delffs,  on  the  other  hand,  regards  it  us 
pelargonic  acid,  or  which  requires  68*35  C and  11-40  H.  The 

silver-salt  gives  by  analysis  35  7 per  cent,  silver  (L.  and  P.);  27*1  (Mulder) ; 40*5 
(Delffa)  ; pelargonale  of  silver  contains  40-75  per  cenL 

G*'nunthic  acid,  when  distilled,  first  gives  oflT  a mixture  of  water  and  the  unaltered 
acid,  aflerw*ards  the  so-called  anhydrous  ananthic  acid^  (?**//*•(/*,  in  tlio  form  of  a 
liquid,  which  lx*gins  to  boil  at  2001  solidities  at  31®,  and  contains,  according  to  Liebig 
nnd  Pelouze,  73  3 — 74  3 C,  and  12‘2  H.  Now,  as  pelargonic  acid  when  heated  distils 
altogether  unaltered,  Liebig  still  regards  mnanthic  acid  as  distinct  from  pelargonic 
acid.  The  poinl  however,  requires  further  investigation,  as  it  is  evident  that  neither 
the  acid  nor  the  ether  has  been  oblaimni  pure.  According  to  Fischer  (Ann.  Ch. 
Pharm.  cxv.  247),  the  so-callcd  mnanthic  acia  is  a mixture  of  capric  and  capiy’Lic  acids. 

Ctkloroenantliio  Acid  and  Stiier*  Malaguti  (Ann.  Ch.  Phys.  [2]  Itt,  363), 
by  treating  cenanthic  etht*r  with  chlorine,  obtained  a bitter,  fragrant,  syrupy  liquiti, 
sparingly  soluble  in  alcohol,  having  a specific  gravity  of  1*2912  at  IG®,  decomposed  by 
distillation,  and  containing  37*15  p<T  cent.  C,  5*30  U,  and  48*55  Cl  whence  he  deduces 
the  formula  When  decomposed  by  potash,  it  yields  an  oily  acid  containing 

43-2 — 43'4  per  cent.  C,  6*3 — 6*6  H,  and  36  0 — 36*3  Cl  agreeing  approximately  with 
tin*  formula 

For  further  details  respecting  all  these  compounds,  see  GfneUn^s  Handbook,  xii. 
455—460. 

<En*AJfTBOXi.  C’II'*0  “ Hydride  of  (Rnanthyl.  (EnanthyXU: 

Aldihydc.  (Bussy  and  Lecanu,  J.  Pharm.  xiii.  62. — Bussy,  ibid.  [3]  8,  321. 
— A.  W.  Williamson,  Ann.  Ch.  Ph,arm.  Ui.  38.^ — Tilley,  Phil  Mag.  xxxiu.  81.^ — 
Bertagnini,  Ann.  Ch,  Pharm.  Ixxxv.  281. — Bouis,  Ann.  Ch.  Phys.  xliv.  87.)— 
This  body,  which  is  the  aidebyde  of  oeuanlhyUc  acid,  and  isomeric  with  bulyrone,  is 

* A tfiliil  suhiUnce  caltrd  crnanlhic  ether,  which  it  manuracturcii  in  Rntarla,  and  u»nd  for  flarouring 

inferior  winet,  watcahibiledUv  M.  Licht«nb«rger  iu  Ui«  laternuligual  ExhibiUou  of  is6'i.  {.H^fmanuS 
Report,  p.  113.) 
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produced  by  the  dry  distLllation  of  caetor-oil ; also,  according  to  Petersen  (Ann. 
Ch.  Pbarm.  Ixxxv.  281),  together  with  propylic  aldehyde  and  other  pnxlucts,  by  the 
dry  distillation  of  sebnte  of  calcium. 

Preparation. — 1.  The  yellow  oily  distillate  obtained  by  the  dry  distillation  of 
cutor-oil  is  separaUHl  fi^m  the  watery  liquid  and  distille<l  with  five  or  six  times 
its  bulk  of  water;  the  distillate  consisting  of  ccnanthol,  with  small  quantities  of 
acrolein,  cenantbylic  acid  and  oily  fatty  acids,  is  shaken  up  with  6 pts.  by  weight  of 
water,  which  dissolves  out  the  greater  part  of  the  acrolein,  and  again  distilled  with 
pore  water,  till  no  more  oily  liquid  remains ; this  distillate  is  shaken  up  with  weak 
b&ryta*water  till  it  no  longer  exhibits  an  acid  reaction,  then  decanted  and  distilled; 
and  the  portion  which  go<-8  over  between  156*''’  and  158®,  is  collected  apart  (btdow  150®, 
tcrolein  distils  over).  The  pure  mnanthol  thus  obtained  is  dehydra^  by  chloride  of 
calcium  (Bussy,  Williamson). — 2.  The  product  of  the  dry  distillation  of  castor* 
oil  is  shj^en  up  with  a solution  of  carbonate  of  potassium,  whereby  a solution  is  formed 
which  when  heated  to  the  boiling  point  yields  the  oenanthol  as  a separate  layer  on  the 
tarUce ; this  liquid  is  removed,  and  treated  with  a moderately  concentrate  solution 
of  acid  sulphite  of  sodium,  which  dissolves  the  oenanthol,  and  leaves  an  oily  liquid 
uncUing  like  a fixed  oiL  The  solution  on  cooling  deposits  sulphite  of  mnanthul  and 
sodium,  which  must  be  dried  and  decomposed  with  warm  water  containing  hydro* 
ehlohc  or  sulphuric  acid  (Bertagnini).  See  also  Delff s (Jahresb.  I860,  p.  320). 

Prtrpertus. — (Enanthol  is  u transparent,  colourless,  very  mobile  liquid,  of  sp.  gr. 
0-827.  It  has  a strong,  not  unpleasant  odour,  and  a taste  sweet  at  first,  but  afii-rwards 
persistently  sharp.  Refracts  light  strongly.  Boils  between  155®  and  158®(Bnssy); 
165® and  156®  (Williamson) ; at  155®  (Tilley);  between  151® and  152°(Stadeler, 
Jahrtssb.  1857,  p.  360).  Vapour-density  — 4'139  (Bussy);  from  4'08  to  601 
(Bouis):  by  calculation  3*952. 

It  dissolves  very  sparingly  in  tvaier,  imparting  its  odour,  and  mixes  In  all  proportions 
with  alcohol  and  ether. 

When  moist  oenanthol  is  exposed  for  some  time  to  a low  temperature,  it  yields 
Colourless  ciy-stals  of  a hydrate  2C^'*O.HH),  smelling  like  cenanthol  itself.  (Bussy.) 

Decompositions.— When  oenanthol  is  subjected  to  continued  distillation,  the 
boiling  point  rises,  and  the  residue  in  the  retort  exhibits  a greater  amount  of  carbon 
(Tilley,  Bouis). — 2.  In  contact  with  the  air,  it  absorbs  oxygen  and  turns  sour;  when 
shaken  up  with  oxygen,  it  may  absorb  as  much  as  10  per  cent. ; at  the  boiling  point 
the  absorption  goes  on  faster  (Bussy). — When  mnanthul  which  is  kept  cool,  is 
gradually  mixed  with  a quantity  of  bromine,  sufficient  to  render  the  brown-red  colour 
permanent,  and  repeatedly  distilled  with  water,  a colourless  liquid  is  obtained,  which 
turns  brown  when  dried  by  chloride  of  calcium,  or  over  oil  of  vitriol,  and  after  being 
freed  from  dissolved  bydrobromic  acid  by  caustic  soda,  contains  40*90  per  cent.  C, 
6*63  H,  and  from  44*6  to  46*7  Br  (CTlI‘*BrO  requires  43*5  per  cent.  C,  6*7  H,  and 
•41*4  Br).  On  distilling  it  with  water  a brown  resin  remains  in  the  n*tort.  When 
ccnanthol  U mixed  with  iodine  huA phosphorus,  a violent  explosion  ensues(Limprich  t). 
~ 4.  (Enanthol  is  converted  by  cold  nitric  acid  of  ordinary  strength  into  metcenan* 
thol;  when  distilled  with  2 pts.  of  a mixture  of  1 vol.  strong  nitric  acid  and  1 vol. 
W4ter.it  is  gradually  converted  into  ccuantliylic  acid  (Bussy).  When  tcnanthol  is 
heated  with  2 pts.  of  strong  nitric  acid,  great  heat  is  ppo<luced,  red  vapours  are  given 
off,  and  the  grt*ater  part  of  the  mnantbol  is  destroyed  (Bussy).  When  cenantbol  is 
a<l>led  by  drops  to  strong  nitric  acid  contained  in  a retort,  a violent  action  takes  place, 
and  a mixture  of  nitracrol  (p.  58),  oeoantbylic  acid,  caproic  acid  and  nitric  acid  distils 
over,  the  liquid  in  the  retort  containing  ccnanthylic  and  caproic  acids  (Tilley). — 
6.  With  chh/rine,  ccnanthol  forms  hydrochloric  acid  aodchlorcenanthol  (Williamson). 
“*-6.  (Enanthol  dropped  upon  crj’stallised  chntmic  acid  takes  fire  with  violent  explosion ; 
dilute  chromic  acid  converts  it  into  ccnautbylic  acid  (Bussy). — 7.  With  fuming  oil  of 
fitriol,  it  forms  a conjugated  acid,  which  yields  crystal  Usable  salts  with  bary  ta,  lime, 
and  oxide  of  lead  (Bouis). — 8.  When  repeatedly  distilled  over  phosphoric  anhydride, 
it  yields  cenautbylene  (Bouis). — 9.  With  pentachloride  of  phosp^rus,  it  b^mes 
strongly  heated,  and  yields  a distiUate,  which  when  freed  from  oxychloride  of  phtw* 
f'horus  by  repeated  washing  with  water,  and  from  excess  of  mnanthul  by  agitation  with 
scid  sulphite  of  sodium,  consists  of  nearly  pure  chloride  of  heptyl  (Limpricht). — 
lf>.  (Enanthol  dropped  upon  ftised  hydrate  of  potassium  gives  off  hydrogen,  and  forms 
(eoantbylale  of  potassium  (Tilley). 

+ KHo  =.  c^n-*Ko»  + n». 

Whrn  it  is  mixed  with  a strong  aqueous  solution  of  potash,  considerable  rise  of  tem- 
perature takes  place,  and  a salt  of  cenauthylic  acid  is  produced,  together  with  an  oil, 
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which  is  decomposed  by  simple  distillatioD,  and  after  being  washed  or  distilled  with 
water,  contains  76*4  per  cent.  C and  1‘2'4  per  cent,  II,  and  is  therefore  not  ocuantboL 
Heated  with  alcoholic  potash,  cenanthol  fields  ceuanthylic  acid,  and  an  oil  which  when 
dried  1^  chloride  of  calcium,  contains  77*1  per  cent.  C and  12*7  H.  (Williamson.) 

11.  Distilled  with  quicklime^  it  yields  a distillate  containing  heptylene,  oclylene, 
nonylene,  and  hydrocarbon  of  still  higher  boiling  point,  also  heptylic  alcohol  ind 
mmui thy  1-acetone,  or  hexyl-cenanthyl,  C'*H**0.  (Kittig,  Ann.  Ch,  Pharm.  exxii.  76.) 

12.  An  alcoholic  solution  of  oenanthol,  through  which  hydrochloric  acid  gas  is  passed, 
yields  cenanthylate  of  ethyl  (Tilley). — 13.  (Hnauthol  r^uccs  nitraU  of  tUtrr ; when 
It  is  mixtd  with  ammonia  and  nitrate  of  silver  added,  a white  precipitate  is  formed, 
which  is  reduced  by  heating,  and  silvers  the  vesseL  (Bussy.) 

14.  CEnanthol,  gt'Utly  heated  with  cinc-tthyl,  forms  a compound  eontaining 
together  w ith  hydride  of  ethyl  and  hydrate  of  zinc : 

4C»H‘^0  + Zzn(C*H*)*  - 2C»H"0  + 2C»H*  + ZznH*0» 

Tlie  compound  C'*H**0  is  not  of  constant  boiling  point.  (Rieth  and  Beilstein, 
Ann.  Ch.  Pharra.  exxvi.  241.) 

Combinations,  a.  With  Ammonia. — G^nanthol  absorbs  a lar^  quantity  of  am* 
monia  gas,  forming  at  first  a crystalline  compound,  which  afterwords  liquefies  and  is  com* 
pletely  decompo^  by  water  (Tilley,  Limpricht.)— This  ammoniaoal  compound, 
gently  healed  with  hydrocyanic  and  hydrochloric  acids  (as  in  the  preparation  of 
alanine  from  valeraldehyde,  L 63)yields  a yellowish  amorphous  body,  which  ciystallisea 
from  strong  hydrochloric  acid  in  needles,  and  appears  to  have  the  composition 
C*H*^0*HC1.  (Erlenmeyer  and  Schaffer,  Jaoresb.  1863,  p.  366.) 

3.  With  Acid  Sulphites  of  Alkali-metals. — CEnanthol  unitee  directly  with 
these  suits,  forming  more  or  less  crystalline  compounds,  which  may  likewise  be  obtained 
by  pissing  sulphurous  anhydride  into  a recently  prepared  solution  of  oenanthol  is 
alcoholic  ammonia,  potash  or  soda. 

The  ammonium-salt,  C’H’"(N1P)S0*,  forms  small  shining  prisms,  sparingly  soluble 
in  water  and  in  alcohol.  They  are  decomposed  by  boiling  with  water,  giving  off  tenau* 
thol,  and  leaving  a solution  of  acid  sulphite  of  ammonium.  Heated  with  potash-lime, 
or  by  itself  in  a sealed  tul>e  to  260^^ — 270®,  it  yields  tri-hezylamine,  « 

N(C‘H'*)*.  (Petersen  and  Gossmann,  Jahresb.  1857,  p.  388.) 

The  potassium-salt  is  obtaiuinl  as  a pulpy  mass,  wliich  gradually  becomes  crystalline^ 
and  separates  from  alcoholic  solution  in  small  needles. 

The  sodium-salt,  C’H'*NaSO*. 2H*0,  crystallises  in  very  brilliant  interlaced  scales, 
unctuous  to  the  touch,  and  exhaling  the  cnlour  of  oenanthol.  They  dissolve  casdy  in 
water,  either  cold  or  warm,  without  decomposition,  but  the  solution  is  decumpusej  by 
boiling,  osp-cially  in  presence  of  an  acid  or  an  alkali,  drops  of  oenanthol  se^mratiug 
out.  The  ciy’btals  disMlve  very  easily  in  hut  alcohol,  but  are  nearly  insoluble  in  cold 
alcohol. 

The  aqueous  solution  forms  with  salts  of  barium,  lead,  or  silver,  copious  precipitates 
containing  oenanthol  chemically  combined. — Ammonia  abided  to  the  aqut*ous  solution 
forms  HU  abundant  cimly  precif>itate,  which  soon  disappears,  oily  drops  collecting  at 
the  same  time  on  the  surface  of  the  liquid. — The  cold  aqueous  solution  is  not  decom* 
posed  by  addition  of  a larg<»  quantity  of  sulphuric  or  hydr<Khlvric  acid,  the  compound 
even  crystallising  unaltered  fnjm  an  acid  solution.  Chlorine  and  bromine  decompose 
it  instantly  at  ordinary  temperatures ; ioiline  only  with  aid  of  heat 

Thic*hloho:xx>thoi..  C41"C1*0. — I'roducod  bv  the  action  of  chlorine  gas  on  cenan* 
thol.  It  is  a viscid  oil  heavier  than  water,  and  having  an  agreeable  odour  somewhat 
like  that  of  caoutchouc.  It  blackt  os  when  distilled,  giving  off  hydrochloric  acid. 

Metoenantbol#  C’H'*0. — This  compound,  isomeric  with  mnantbol,  is  prrxluced 
by  agitating  the  latter  with  nitric  acid  at  0®.  If  the  liquid  be  then  left  to  itself  for 
24  hours,  then  poured  into  a shallow  dish,  and  exposed  in  a cold  place,  metcenaothol 
is  obtained  in  b»*autiful  cry.stals,  which  remain  solid  up  to  the  temperature  of  5®  or  6®, 
are  inodorous,  dissolve  in  boiling  alcohol,  and  finally  ciystallise  again  on  cooling. 
Tlie  compound  melts  when  heated,  and  boil.s  at  230®.  It  is  not  decomposed  at  ordi- 
nary temperatures  by  ammonia,  potash  or  soda.  (Bussy.) 

/xwriiT’X.-  C^1I'*0.— The  hypotheticjil  radicle  of  ocnanthylic  acid  and  its 
derivatives.  The  same  name  is  sometimes,  but  inappropriately,  given  to  heptyhC'Il’*. 

CEXirilJVTK7]b,  CHI»OHJCl>B  OF.  CTH'*OC'I. — Obtained  by  distilling  cenan- 
thvlic  acid  with  pentaehloride  of  phosphorus.  It  is  decomposed  by  water  into  hydro- 
chloric and  mnanthylic  acids.  (Cahours,  Compt.  rend.  xxv.  724.) 

ffiKAlVTBTli,  BTBRXDB  OF.  Syn.  with  CEnanthol  (p.  174.) 
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CBlTAVHm-AOBTOWa.  See  (E.'(A.s-TUYLO>ni  (p.  178) 
tBKJLM TH T JUHtm>g.  C'H‘*NO  = N.H«.C’H‘>0.  Aintiirr.  (T,tnaiit/,i/le.— 
Protlocrd  by  the  action  of  nmmouia  on  ocnanthylic  anhydride.  Crystallieea  Irom  a 
boiling  dilute  alcoholic  solution  in  small  scales;  occasionally,  howeecr,  the  ctyslallisation 
does  not  begin  till  some  time  after  tho  solution  has  completely  cooled.  (Chiozza  and 
Malerla,  Gerhardt s Traiti,  ii.  728.) 

«E»  AWTHTMSITB.  Syn.  with  Heptvlekb  (iii.  14). 

(EBTAirTKTUC  ACZS.  C’H'*0’  = (Laurent,  Ann.  Cli. 

Phv8.  livi,  173. — Tilley,  Ann.  Ch.  Pharm.  xxxix.  160;  Ixvii.  106, — Bu.ssy,  J. 
Pharm.  [3]  riii.  329. — Schneider,  Ann.  Ch.  Pharm.  Ixx.  112. — Arzbacher,  ifnef. 
cxxiii.  200. — Brazier  and  Gos.sleth,  ihi'd.  Uxri.  268).— This  acid  was  first  obtained 
by  Laurent  in  an  impure  state,  and  called  acid ; Berzelius  called  it  a(x)lcic  acid. 

It  occurs  in  the  fusel-oil  of  spirit  prepared  from  maize. 

It  U produced  by  the  oxidation  of  ccnuulhol  in  tho  air, or  in  oxygen  gas,  or  when  that 
compound  is  boiled  with  nitric  acid  (Bussy,  Tilley),  or  with  chnjmic acid  (Brazier 
and  Gossleth);  also  by  boiling  castor-oil  with  dilute  nitric  acid  (Tilley),  or  with 
chromic  acid  (A  rz  a c her):  by  heating  the  distillate  obtained  from  castor-oil  with  nitric 
acid  (Schneider,  Ann.  Ch.  Pharm.  Ixx.  1 12),  or  that  from  oleic  acid  with  strong  nitric 
acid  (Laurent,  Iledtenbacher,lix.  41) ; by  oxidising  heptylic  alcohol  with  chromate 
of  p^assium  and  sulphuric  acid  (Schorlemmer,  Proc.  Boy.  Soc.  xir.  171);  by  the 
actioD  of  nitric  acid  on  Chinese  wax,  (Buck ton,  Chem.  8oc.  J.  x.  166);  on  nzelaic 
acid,  and  on  spermaceti  (Arppe,  Ann.  Cb.  Pharm.  cxx.  288);  by  the  action  of  potash 
on  ceoanthol  (Bussy,  p.  176) ; and  by  melting  sebacic  acid  with  potash  (Koch.  Ann. 
Ch,  Pharm.  cxix.  173). 

Preparation. — 1 pt.  of  (snanthol  is  distilled  with  2 pts.  of  a mixture  of  1 vol. 
atroDg  nitric  acid  and  2 toL  water  till  the  greater  part  has  passed  over ; the  oily  dis- 
tillate decanted  from  the  acid  water,  is  saturated  with  baryta-water  and  oTUporated  to 
the  crystallising  point ; and  the  barium-salt  which  crysUilliscs  out  is  decomposed  by 
sulphuric  or  phosphoric  acid ; the  cenanthylic  acid  then  rises  to  the  surface  in  tho  form 
of  a colourless  liquid.  An  additional  quantity  of  ccnanthylate  of  barium  may  bo 
obtainisl  by  washing  the  residue  in  the  retort  with  water,  which  extracts  oxalic  and 
nitric  acids,  and  neutralising  with  baiyta-water.  (Bussy.) 

2.  A mixture  of  1 pt.  castor-oil  and  2 pts.  of  nitric  acid,  diluted  with  an  equal  bulk 
of  water,  is  heated  in  a retort;  a violent  action  then  takes  place,  so  that  the  retort 
must  be  removed  from  the  fire  till  it  diminishes,  afler  which  the  distillation  is  con- 
tinued for  several  daya  The  receiver  contains  the  oily  acid  : the  retort,  tho  watery 
liouid  and  a thick  fatty  substance  which,  when  distilled  with  water,  yields  a large 
additional  quantity  of  the  oily  acid.  The  product  is  washed  with  water,  distilled 
with  wat**r,  and  dried  by  fused  phosphoric  acid.  (Tilley.) 

Prrtprrtics. — Gilnanthylic  acid  is  a transparent  colourless  oil,  having  an  unpleasant 
odour  like  that  of  cod-fish,  faint  in  the  cold,  but  becoming  stronger  at  higher  tempera- 
turea,  and  a pungent  exciting  taste.  It  begins  to  boil  at  148^,  hut  decomposes  and 
blackens  when  subjected  to  continued  distillation  (Tilley) ; boils  at  212°  (Strecker), 
Lrfhrb.  V.  96).  Awarding  to  Stadeler  (Juhresb.  1857,  p.  148),  it  has  a specific 
grarity  of  0 9167  at  24°,  and  boils  at  218°  It  dissolves  in  strong  nitric  acid,  and  is 
precipitated  therefrom  by  water.  It  is  soluble  in  aicohol  and  in  ether. 

DrcompoiitUfng. — 1.  G^nanthylic  acid  bums  with  a white  flume  (Tilley).— 
2.  Heated  with  sodo4ey  it  forms  a neutral  oil  (.VrzbHcher). — 3.  Heated  with lofaah  dime 
it  yields  gaseous  and  liquid  hydrocarbons  of  the  formula  C'U'^  (Cahours,  Compt. 
rend.  rxxi.  141). — 4.  Heated  with  baryta,  ii  yields  a hvdrocjirbon,  boiling  at  about 
68°,  and  haring  the  composition  of  hydride  of  hexvL  C*H‘*  (Riche,  JaUresb.  1860. 
p.  249). — 5.  When  distilled  with  pentatdUoride  of  phosphorus,  it  yields  chloride  of 
fsnanthyl  (Cahours,  Compt.  rend.  xxr.  724). — 6.  A coucentrated  solution  of  oenan- 
thylate  of  potassium  decomposed  by  a current  of  six  Bunsen's  cells,  gives  off  hydrogen 
and  carbonic  acid,  while  neutral  acid  and  carlwnate  of  potassium  are  formed,  and  an 
oil  rises  to  the  surface,  which  when  distilled  will)  potash,  loaves  mnanthylate  of  poUissium 
and  yieMs  a distillate,  consisting  mainly  of  hexyl  and  a hydrocarbon,  C‘*H'**,  boiling  at 
170°,  (Brazier  and  Gossleth.) 

(XLhaxthtlatxs.  C^H'*M0  and  — The  ammonium  and  potassium 

salts  are  very  soluble  in  water. — The  harium^salt,  C'^H^Bba”0^  (prepan^d  as  above) 
forms  white  nacreous  scales  or  lancet-shaped  tablets.  It  has  a faint,  slightly  bitter 
taste,  exhales  an  odour  of  perspiration  when  rubbed  between  the  fingers  ; dissolves  in 
67  pts.  water,  at  23°  (BussyX  very  easily  in  hot  water,  still  more  easily  in  hot  alcohol 
of  86  percent.  (Arzbacher) ; insoluble  in  ether.— The  copper-salt  separates  after  a 
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while  from  a mixture  of  the  free  acid  with  cupric  acetate,  in  needles  haying  a fine 
green  colour  and  silky  lustre.— The  lead-salt  is  precipitated  by  neutral  acetate  of  lead 
from  a solution  of  cenanthylate  of  potassium,  as  a lemon-yeUow  powder,  insoluble  in 
water,  but  soluble  in  boiling  alcohol,  whence  it  separates  in  small  scales  on  cooling.— 
The  gilver-salt,  C’H‘*AgO»,  is  obtained  on  adding  nitrate  of  siWer  to  the  acid  neutralised 
with  ammonia,  as  a white  precipitate,  insoluble  in  water,  and  turning  brown  on  exp<^ 
sure  to  light.  Uy  diy  distillation,  it  yields  an  oil,  and  a solid  substance  which 
ciystallises  in  needles  from  hot  alcohol ; both  are  acid. 

OIM’AJrrBn.XC  Axwnuxun,  0/ 

(Enanihj/l,  ATihf/droHS-(Enanth^lic  acid.  (Chiozza  and  Male rb a,  Ann.  Ch.  Phann. 
xci.  102). — Produced  by  the  action  of  pentachloride  of  phosphorus  on  mnanthyUie 
of  potassium.  It  is  a eolourh*ss  oil,  of  specific  puvity  0 91  at  14®.  At  ordioary 
temperatures  it  has  a faint  odour,  like  that  of  caprjdic  anhydride.  It  gives  out  an  aro- 
matic odour  when  heated,  and  smells  rancid  if  kept  in  badly  closed  vessels. 

With  alkalis  it  behaves  like  other  anhydrides,  and  with  caustic  ammonia  it  yields 
oenanthylamide, 

OIlVAirTBTZiXO  STBSKS.  1.  QCnanthfflate  of  Ethpl, 
obtained  by  passing  hydrochloric  acid  gas  through  an  alcoholic  solution  of  cenantbylic 
acid  (Tilley),  or  ocnanthol  (Williamson).  It  is  a colourless  oil,  lighter  than  water, 
and  Bolidifynng  in  a freezing  mixture  ; luis  a pleasant  fruity  odour;  is  insoluble  in 
but  dissolves  easily  in  alcohol  and  ether;  distils  easily  but  with  constantly  rising 
boiling-point ; bums  with  a clear  but  fuliginous  flame. 

2.  (Enantht/late  of  Phenyl,  produced  by  the  action  of  chloride 

of  ccnanthyl  on  phenolic  alcohol,  is  an  oil  boiling  betwei*n  275®  and  280®.  (Cahours, 
Compt.  rend,  xxxviii.  257.) 

<ElVAirrBTXiO-BBirZOIC  AITHTBBXBfi.  C’H'*0.C’H*0.0.— See  Be.vio- 
(F.?fAKTiiTLic  Anhydride  (i.  658). 

aSM’AJrmxO-CTTKXVZC  AK’BVBRZBE.  C'H‘*0.C'*H"0.0.— See  Cntis- 

(ENANTHYLIC  ANHYDRIDE  (ii.  180). 

a.BAKTBTZiOBB.  C'*H^  ■■  (Enanthi/l-acetone.  (UsUr 

and  Soekamp,  Ann.  C’h,  Pharm.  eviii.  179.) — Produced  by  the  dry  distillation  of 
mnaotbylato  of  calcium,  and  purified  by  rectification  and  crystallisation  from  alcohol 
It  crystallises  in  large  colourless  lamime,  of  specific  gravity  0‘825,  melts  at  30®,  solidifies 
again  at  29*5®,  boib*  at  264®. 

Tilley  (Ann.  Ch.  Pharm.  Ixvii.  110),  by  heating  1 pt.  of  oenanthol  with  h or  6 pts. 
hydrate  of  potassium,  obtaineti  an  oil  boiling  at  120®,  and  containing  79’3  per  cent 
carbon  and  13-3  per  cent,  hydrogen.  To  this  compound  Tilley  assigned  tli©  formula 
O*IP*0  (requiring  78*2  per  cent.  0,  13  3 H,  and  7'6  oxygen),  designating  it  as  hydride 
of  ananthyl.  Gmelin  {Handbook,  xii.  451)  saggests  that  it  may  be  oanaIlthyloIl^ 
the  formula  of  which  requin's  78*8  per  cent.  C,  13T  H,  and  81  0. 

CEBAVTBTZi-StrUBtnUO  ACZB.  Syn.  with  HBPTTL-sui-PHruc  Acn) 
(iii.  149). 

IEBABTBTBOV8  ACZB.  Syn.  with  (E.naxtuic  Acn)  (p.  174)> 

<SBOZi.  Syn.  with  Mbsitylf.ne  (Berzelius). 

» CEBOZiZir.  — A colouring  matter  obtained  from  red  wine  by  predpi- 

tating  with  basic  acetate  ofie^id,  exhausting  the  dried  precipitate  with  ether  containing 
hydrochloric  acid,  then  with  pure  ether,  digesting  the  air-dried  residue  with  alcohol, 
and  mixing  the  concentrated  alcoholic  solution  with  water.  Qinolin  is  then  precipitated 
in  a mass,  which  is  brown-red  while  moist,  nearly  black  when  dry,  but  yields  a violet- 
red  or  brown-red  powder;  it  is  nearly  insoluble  in  pure  water,  more  soluble  in  water 
containing  vegetable  acids,  easily  soluble  in  alcohol,  insoluble  in  ether.  It  forms  a 
lead-compound  containing  C**li'*Ppb"0*®.  ^(G15nard,  Compt  rend,  xlvii.  263; 
Jahresb.  1861,  p.  476.) 

CSBOIBBTBB.  A hydrometer  specially  adapted  for  determining  the  alcoholic 
strength  of  winc.s. 

OimrZi.  Syn,  with  Mesityl. 

<EBST£X>TZTE*  A silico-titanate  of  zirconium  occurring  at  Arendal  in  Norway, 
commonly  in  crystals  of  pyroxene,  in  dimetric  ciystals  in  which  P;  P = 123®  164', 
Hardness  » 6*5.  Specific  gravity  =»  3*629.  It  is  opaque  or  subtranslucent  with 
reddish-brown  colour,  and  splendent  adamantine  lustre.  Infusible  before  the  blow- 
pipe, and  according  to  Berzelius,  gives  a trace  of  tin.  Contains,  according  to 
Forchhammer  (Pogg.  Ann.  xxxv.  680),  19*71  per  cent,  silica,  68*79  titanic 
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•nhTdnd«  and  aroonia,  2*61  lime,  2*05  magnesia,  ri4  ferrous  oxide,  and  5*52  water 

(«  100). 

OFFA  HEXiMOimx,  An  old  name  for  acid  carbonate  of  ammocinm  precipitated 
bj  alcohol  from  aqueous  solution. 

OGXOZTE.  See  Ripidoutb. 

OXXi  OA8«  When  a &t  oil  is  made  to  fall  iu  drops  on  iron  or  earthenware  at  a 
k)v  red  heat,  it  is  for  the  most  part  resolved  into  a gaseous  mixture  of  ethylene,  marsh- 
gis,  hydrogen,  carbonic  oxide,  and  the  vapours  of  benzene  and  certain  empyrenmatic  oils. 
The  gas  thus  obtained  is  far  superior  in  illuminating  power  to  coal-gas,  and  was 
manufactured  some  years  ago  on  a somewhat  considerable  scale,  and  sold,  condensed  in 
strong  iron  cylinders,  as  portable  gas;”  but  the  process  was  not  found  profitable,  and 
has  been  long  since  abandoned.  For  a description  of  it  see  Ur^9  Dictionary  of 
Chtmittry^  4th  ed.  p.  642. 

OZX,  OXOrSBBElIf  or  SloraCA.  A name  sometimes  applied  to  American 
petroleum,  because  it  was  formerly  collected  and  sold  by  the  Seneca  and  other  Indians. 

OXE,  aCXVS&AX.  See  Pktbolxvx. 

on  OF  vrraxOE.  Strong  sulphuric  acid, 
on  OF  wmi.  See  ETHERUf  (ii.  507). 

Ons.  The  term  *'oiT  was  or^inally  applied  to  certain  well-known  neutral  com- 
pounds occurring  in  the  bodies  of  living  plants  and  animals,  and  possessing  tlie  following 
properties : — They  are  liquid  at  common  temperatures ; have  a more  or  less  viscid  con- 
sistence ; are  insoluble  or  nearly  insoluble  in  water,  but  dissolve  more  or  less  readily 
in  alcohol,  very  easily  and  in  all  proportions  in  ether ; take  fire  when  strongly  heated  in 
the  air,  and  bum  either  alone  or  by  means  of  a wicl^  with  a more  or  less  fuliginous 
flame.  There  are  many  other  liquids  possessing  the  peculiar  consistence  called  **  oily,” 
namely,  some  members  of  the  fatty  acid  series,  butyric,  valerianic,  caproic  acid,  &c., 
many  organic  bases,  as  the  higher  homologues  of  ethylamine,  certain  natural  alkaloids 
— nientine  and  conine  for  example — and  most  of  the  compound  ethers.  But  when  we 
speak  of  an  “oil”  we  generally  mean  a neutral  body,  formed  by  natural  processes  in 
the  living  animal  or  v^etable  organism,  and  possessing  the  properties  just  specified; 
tod  in  that  sense  the  word  will  be  used  in  the  present  article. 

Natural  Oils  are  divided  into  two  great  classes,  fat  or  fixed  oils,  and  volatile  or 
essential  oils. 

A. — Fat  or  Fixed  Oils. 

These  bodies  exhibit  very  great  similarity  of  chemical  composition,  most  of  them 
being  glycerides,  and  resolvable  by  saponification  into  glycerinand  certain  fatty  acids, 
chiefly  stearic,  palmitic  and  oleic  aci^.  They  further  resemble  one  another  in  not 
being  volatile,  and  not  capable  of  distilling  without  decomposition,  by  which  characters, 
as  well  as  by  their  composition,  they  are  easily  distinguished  from  the  volatile  oils.  Fat 
oils  are  divided  into  drying  and  non-dry  ing  oils.  The  former  thicken  when  ex- 
posed to  the  air,  alworbing  oxygen,  and  being  ultimately  convertwl,  if  spread  over  a 
large  surface,  into  a yellowish,  transparent,  supple  membrane  or  varnish.  This  property 
readers  them  available  for  the  preparation  of  varnishes  and  oil-colours.  To  this  class 
belong  linseed,  nut,  hemp  and  poppy  oils ; they  contain  an  olein  different  from  that 
of  the  non-drying  oils,  and  yielding  by  saponification,  not  oleic,  but  Unoleic  acid  or  an 
acid  similar  thereto. 

The  non-drying  oils  are  likewise  gradually  altered  by  exposure  to  the  air,  though  in 
a different  manner.  They  turn  rancid,  that  is  to  say,  they  acquire  an  acrid,  disagreeable 
taste,  gradually  lose  their  colour,  and  to  a certain  extent  their  fluidity,  and  acquire  the 
power  of  reddening  litmus.  This  alteration — which  never  takes  place  in  pure  glycerides, 
anch  as  stearin,  palmitin  or  olein,  or  in  mixtures  of  them — is  due  to  the  presence  uf 
foreign  matters,  namely,  the  cellular  substance  of  the  plant  or  animal  fri>m  which  the 
oil  has  been  extracted.  These  substances  act  as  ferments,  and  give  rise  to  the  decom- 
position of  a small  quantity  of  fatty  matter  in  contact  with  them,  the  palmitic,  oleic 
&C.,  of  this  portion  of  the  oil  ^ing  then  set  free,  and  small  quantities  of  odorous 
u>Utile  acids  (butyric,  valerianic  caproic)  being  formed  at  the  same  time,  probably 
from  atmospheric  oxidation.  By  exhausting  rancid  oils  with  boiling  water,  and 
treating  them  in  the  cold  with  a weak  alkaline  solution,  they  may  be  fre^  from  these 
products  of  decomposition  and  restored  to  their  original  state. 

The  mode  of  occurrence  of  fat  oils  in  the  bodies  of  plants  and  animals,  their  decom- 
position by  distillation,  and  their  reactions  with  alkalis,  acids,  &c.,  have  already  been 
•issenbed  under  Fats  and  Glycerides.  The  individual  oils  are  describe<l  in  their 
J’wpective  alphabetical  places.  For  the  methods  of  extraction  on  the  large  scale,  and 
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purification,  soo  Urt's  Diet,  of  Arts^  &c.  iii.  276.  The  following  cxliibits  a Hat 
of  the  principal  veget-iblo  fat  oils,  together  with  their  specific  gnirities  and  solidifving 
points.  90  far  aa  they  have  been  determined.  The  8pt*cific  gravities  marked  witli  an 
asterisk  are,  according  to  determinations  (taken  at  15®)  by  Cloez  (Bull.  Soe.  Chim. 
1865,  p.  46) : the  rest,  and  the  solidifying  points,  are  taken  from  Gnulin's  Handbook. 
The  numbers  in  the  Itist  column  denote  the  temperatures  at  which  the  oils  become 
perfectly  solid : nearly  all  of  them,  however,  become  viscous  or  semi^solid  at  tempi'ra* 
tures  somewhat  higher. 


Name  of  Oil. 

Name  of  plant  nhich 

i Specific 

SolUlifjring 

ylfldi  ft. 

1 gratiijr. 

point. 

1,  HaviNO  Oils. 

1 

Cres8-Bet*d  oil  . 

Lepidium  sativum 

0-924 

- 15® 

Oil  of  Deadly  Nightshade  . 

Atn^pa  Ddladf/nna  . ♦ 

0-925 

i - 27-5° 

Oil  of  Gold-of-Ploasure  seed 

Camdina  sativa 

0-9307S* 

' - 19° 

Gourd«aee<l  oil . 

Cucurbiia  P*/m> 

0-9231 

- 15° 

Grape-seed  oil  . 

Vitis  vinifera  . 

0-9202 

- 11° 

Hemp-seed  oil  , 

Cannabis  satitxi 

0-93075* 

- 27  5° 

Oil  of  Honesty  . 

Htsptria  matronalis  , 

0-9232 

below  — 15® 

Linseed  oil  . . . 

Linum  usitatissimum 

0-933 15* 

below  — 20° 

Oil  of  Madi 

Madia  sativa  . 

0-9280  at  15° 

bedow  — 10® 

Poppy  oil  ... 

' Papaver  S4)muiferum 

0-92702* 

- 18° 

Sunflower  oil  . 

Hi  lianthns  animus  . 

0*92504» 

- 16° 

Oil  of  Scotch  Fir  seed 

Pinus  s(/lvfstris 

0-9312 

- 30° 

Oil  of  Silver  Fir  cones 

Abiis  Picea.  Dec. 

0-926 

Oil  of  Spruce  Fir 
Fatty  oil  of  Spruce  Fir 
Tobacco-seed  oil 

Af/us  cjrcdsa.  Dec. 

0-9283 

0-904 

below  — 15®  1 

Kievtiana  Tabacum  , 

0-9232 

- 15°  j 

Walnut  or  Nut  oil 

dufjlans  regia  . , 

0-92878* 

- 18°  1 

\N  eld-seed  oil  . . , 

Hestda  lutada  . 

0-9358 

below  — 15® 

2.  Nox-Dryino  Oils 

( Vegttahle), 

Almond  oil  . . . 

Amt/gdalus  communis 

0 91844* 

- 21° 

Beech-nut  oil  . 

Faqits  sylmtica 

0-923 

- 17-5° 

Oil  from  seetl  of 

Butt  a frondosa 
CalopkqHum  inophyUum  . 

0 917 

10° 

Oil  from  seed  of 

0 942 

-4  5° 

Oil  from  seed  of 

Canarium  commune  . 

-4  6 to  - 2-5° 

Castor-oil .... 

Bicinus  communis 

0-9639* 

- 18° 

Cotton-seed  oil 

Gosstfpium  harhadfnse 

0-9306 

Colza-oil  .... 

Brassica  canqKstcis  olrifcra 

0-9 136  at  15° 

- 6-25° 

Croton-oil 

Croton  liglium 

0-94263* 

Oil  of  Cyporus-grnss , 

Cyprrus  rscuit  ntus  (root)  . 

0 918 

Oil  of  Daphne  {Ointm) 
seviinum  Coccftgnidii)  ( 

Daphne  Mtjertum  . 

0-914—0-921 

Ejirth-mit  oil  . 

Ararhis  hi/poai^a 

0-918 

Ergot -oil  .... 

Sci'ale  conmtitm 

0-922 

- 37° 

Hazel-nut  oil  . 

Corylus  AwUana 

0-91987* 

- 19° 

Henbane-seed  oil 

Ht/osegamus  nigra  . 

0-913* 

Horsechesnut  oil 

ACsndus  Hippocastanum  . 

0-915 

+ 8° 

Jlesua-oil .... 

Mfsua  ftma  . , 

0-954 

+ 5° 

Black  mustard  oil 

Sinapis  nigra  . 

0-92102* 

below  0° 

\\  hite  mustard  oil  . 
Oil  from  seed  of 

Sinapis  alba 
Hiqdla  sativa  . 

0-93383* 

0-92 

docf  not  *olidirj 
■4  2° 

Oil  from  root  and  seed  of 

Pinus  guadrijolia 

0 935 

Parsley-oil 

Petrosdinum  sativum 

1-078  at  12° 

(become*  tiirhld 
( «t—  r(^hut 

Plum-kernel  oil 

Primus  domfstica 

0-9127 

( not  solidify 
— 8-7® 

Oil  from  seed  of 

Pongnmia  glabra 

0-915 

+ 8° 

Summer  Kape-see<l  oil 

Brassica  prtccox 

0-91555* 

Winter  Rape-seed  oil 

Brassica  Sapus 

0-91648* 

a IhtV  bi-lov  QO 

S«*8jim<^-oil 

Sesamum  orientate  . . ! 

0-92415* 

- 5° 

Spindle-tree  oil 

Ettonymus  ruropaus . 
Eupt^rhia  iMtkyris  , 

0-95717* 

-12°to-15° 

Spurge-oil  . . . i 

0-92613* 

- lip 

Oil  from  seed  of  | 

SUrculia  faetida  . . 1 

0-923 

beloir  -4  3° 

Oil  from  various  kinds  of ! 

Then  and  Camellia  . . ^ 

0-927 

f form*  anemnl. 
1 tion  at  4*5® 
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CIoM  {loe.  cit.")  finds  that  drying  oils,  exposed  to  the  air  for  18  months,  increaao  in 
veight  by  about  7 or  8 per  cent  (10  grms.  linseed  oil  increased  to  10703  ; 10  grms. 
poppy  oil  to  10705 ; 10  grms.  hemp  oil  to  10778) ; non-drying  oils,  which  thicken  but 
slightly  on  exposure  to  air,  gain  fiiom  3 to  5 per  cent.  (10  grms.  olive  oil  increased  to 
10*372;  almond  oil  to  10*459;  castor  oil  to  10*268 ; horse-chesnut  oil  to  10*542); 
those  which  thicken  considerably,  such  as  rape,  croton,  and  mustard  oils,  gain  in  the 
same  time  from  5 to  7 per  cent. 

3.  Fish  OtLS.  These  are  nou-drying  oils,  obtained  from  fish  and  cetaceous  animals : 
they  have  usually  an  offensive  rancid  odour,  arising  from  the  peculiar  disposition 
aborr  mentioned.  When  exposed  to  cold  they  for  the  most  part  deposit  solid  fats, 
pdmitin,  crtin,  &c.,  while  olein  and  other  similar  fata  remain  in  the  liquid  state. 
Sperm  oil  yields  by  saponification,  physetoleic  acid  and  othal,  or  cetylic  alcohol  The 
most  important  of  these  oils  are  sperm  oil,  occurring,  together  with  spermaceti,  in 
certain  cerebral  cjivities  of  the  sperm-whale  {Physrter  viaerverphafus)',  whale  or 
train  oil,  from  the  blubber  of  Bai<ena  mysticfius  and  other  whales  ; seal  oil ; sea- 
calf  oil;  shark  oil,  from  S^ualus  viaximus ; pilchard  oil;  porpoi.se  oil, 
from  Ikphimis  phoc<Ba;  dolphin  oil  from  Vilphinus  glohicepa ; cod-iiver  oil* 
from  the  liver  of  various  species  of  Gadua ; ray-liver  oil,  from  the  livers  of  7?txya 
fl^wtiand  R.  ftatia  ; and  burbot  oil,  from  the  liver  of  Gadua  LotaoT  Ijota  vulgaria. 
AH  these  oils  will  bo  found  described  in  their  alphabetical  places:  cod-liver  oil  as 
Oum  Jecouis  Aselli,  dolphin-oil  as  Delphin  (ii.  309). 

4.  Other  Axikax  Oils. — a.  Oil  of  Anta.  The  residue  left  on  distilling  ants  with 
▼ater,  yields  by  ppcasuro  a yellow  or  reddish-brown  fatty  oil,  which  floats  on  water  and 
solidifies  at  a mcKlerate  d^;ree  of  cold. 

Oila  from  Egg-yolk. yolk  of  eggs  hard  boiled,  and  wormed,  yields  by  pres- 
sare,  and  by  exhaustion  with  ether,  two  fatty  oila  of  different  constitutiou.  The  oil 
obtained  by  pressure  is  reddish-yellow,  viscid,  neutral,  and  has  little  or  no  taste.  It 
generally  deposits  a solid  fat  and  solidifies  at  4° — 6®  to  a granular  mass,  which  when 
left  to  drain  on  a filter  leaves  a solid  fat  melting  at  56®.  The  oil  freed  from  this  fat 
is  thicker  than  linseed  oU,  and  solidifies  to  an  amorphous  mass  at  0®(Planche, 
J.  Pbarm.  I 438).  It  contains  5]^  of  chuloslerin  (Lecauu,  ihid.  iv.  i.) ; alsovolutilo 
adds  (Redtenbacher).  The  oil  extracted  by  ether  has  a fine  pure  yellow  colour, 
an  acrid  taste  and  an  unpleasant  odour,  absorbs  oxygen,  and  contiiins  in  addition 
to  the  true  oil,  a viscous  substance  similar  to  or  identical  with  lecithin  (iv.  566),  which 
may  be  separated  by  filtration  and  pressure.  The  oil  thus  purified  and  likewise  tliat 
which  is  extnu'ted  from  the  yolk  by  pressure,  solidify  at  —6®  to  a granuLir  mass  con- 
taining choU-sterin.  Both  oil.**,  when  exposed  to  the  cold,  deposit  a mixture  of  marga- 
rin,  cholestcrin,  and  colouring  matter.  They  are  free  from  phosphorus  and  sulphur, 
and  differ  from  other  oils  only  by  containing  colouring  matter  and  cholesterin.  (0  o b - 
Uy,  J.  Pharm.  [3]  ix.  12.) 

7.  Lard  oil. — A nearly  colourless  oil  obtained  by  pressing  hog’s  lani,  and  used 
for  greasing  wool.  Specific  gravity,  0 915  (Chevrenl)  1()0  pts.  boiling  alcohol 
dissolve  123  pts.  of  it.  Accoi^ng  to  Braconnot,  lard  yields  0*62  of  its  weight  of 
tilis  Dll. 

A R(at'a-foot  oil. — The  feet  of  oxen,  after  the  hair  and  hoofs  have  been  removed,  yield 
when  boiled  with  water  a peculiar  fatty  matter, which  aftorawhiledejiositsasemi-solid 
fit  leaving  an  oil  which  does  not  solidify  at  0®  C.,  and  is  not  liable  to  become  rancid. 
This  oil  is  used  for  many  purposes,  especially  for  oiling  church  clocks. 

f.  OU  of  Silkworms. — Obtained  by  exhausting  the  CJiterpillars  with  alcohol  and 
washing  the  extract  with  hot  water.  It  is  brownish-green ; ligliter  than  water ; neutral ; 
fnnains  liquid  at  0® ; dissolves  easily  in  cold  alcohol  and  ether;  is  easily  saponified  by 
Potash,  less  easily  by  lead-oxide,  yielding  stearic  acid  and  a liquid  acid,  probably 
oleic.  (Lassaigne,  J.  Chem.  Med.  ix.  471.) 

Advlteration  of  Fat  oils. — The  difference  in  price  of  the  several  fat  oils  often 
gives  rise  to  fraudulent  admixtures;  thus  the  best  olive  oil  for  table  use  is  somo- 
timfs  mixed  with  inferior  oils,  such  as  l»oppy,  sesanu^,  or  earth-nut  oil ; olive  oil  inten- 
ded for  manufacturing  purposes  is  adulterated  with  colza  oil ; the  latter,  sometinBcs 
*ith  poppy,  linseed,  or  more  often  with  whale  oil,  &c.  The  methods  of  detecting  these 
adulterations  are  not  very  satisfactory. 

Lefibvre  proposes  to  distinguish  fat  oila  by  their  density,  and  has  constructed  for 
thi^porpoeea  hydrometer  of  peculiar  construction,  called  an  oleometer, havinga  very 
large  cylindrical  bulb  and  a very  long  stem,  on  which  are  inscribed  densities  from  0*8 
to  0*94  fur  the  temperature  15°,  each  density  corresponding  to  that  of  a commercial 
oil,  (,g.  0*917  to  olive  oil,  0*925  to  poppy  oil,  0*939  to  linseed  oil.  &c.  An  ordinary 
centesimal  alcoholometer  may  also  be  used  for  the  purpose.  The  difference  of  density 
between  different  fat  oils  is,  however,  not  sufficiently  great  to  enable  them  to  be 
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detected  with  certainty  in  niixtnree  by  such  a method,  moreover  it  has  not  been  proved 
that  the  density  of  the  oil  obtained  from  any  ^ven  source  is  really  constant 

Gobley  (J.  Pharm  [3]  iv.  285  ; v.  67)  limits  the  use  of  the  hydrometer  to  the  de- 
tection of  poppy  oil  in  olive  and  almond  oils.  For  this  purpose  he  used  a hydrometer 
(tUsometer)  with  very  large  bolb  and  thin  stem.  At  the  temperature  of  12*5^  C.  the  in- 
strument sinks  to  zero  in  pure  poppy  oil,  which  is  the  densest  of  the  three,  and  to  60^ 
in  pure  olive  oil,  which  is  the  lightest.  The  space  between  0^  and  50^  is  divided  into 
60  equal  parts. 

Poutet  of  Marseilles  beats  up  the  oil  to  be  tested  with  one-twelfth  of  its  weight 
of  a solution  cf  mercury  in  strong  nitric  acid.  The  nitrous  acid  or  nitric  peroxide 
evolved  from  this  solution,  converts  the  liquid  olein  into  solid  elaidin(ii.368), causing  the 
olive  oil,  if  pure,  to  solidify  completely  aJfter  one  or  two  hours’  contact,  whereas  in 
presence  of  poppy  oil  or  other  drying  oils,  which  are  not  solidified  under  the  same  cir- 
cumstances, the  solidification  is  rc'ti^ed,  and  for  a longer  time  in  proportion  to  the 
quantity  of  diy’Ing  oil  present.  In  making  these  experiments,  it  is  l^t  to  use  stronn 
nitric  acid  containing  nitric  peroxide ; to  agitate  2 or  3 cubic  centimetres  of  this  acid 
with  the  olive  oil  under  examination;  and  to  perform  the  same  experiment  on  perfectly 
pure  olive  oil  in  a bottle  of  the  same  size.  The  two  vessels  are  then  left  in  a cellar,  or 
a room  the  temperature  of  which  does  not  exceed  10^,  and  the  moment  when  the  oil 
becomes  thick  enough  to  remain  in  the  vessel  on  inversion  is  carefully  observed.  If 
the  specimen  under  examination  is  pure,  it  will  solidify  at  the  same  time  as  the  other, 
but  it  it  contains  even  1 pt.  in  a hundred  of  poppy  oil,  its  solidification  will  be  retarded 
40  minutes,  and  longer  still  for  a larger  quantity. 

31  au men 6 (Comnt.  rend.  xxxv.  672)  tests  fat  oils  by  the  heat  evolved  on  mixing 
them  with  strong  sulphuric  acid,  poppy  oil  and  diying  oils  in  general  being  heated 
thereby  much  more  strongly  than  olive  oil ; the  mixture  of  poppy  oil  with  sulphuric 
acid  is  likewise  accompanied  by  a considerable  evolution  of  smpourous  anhydride. 

Heydenreich  and  Penot  propose  to  distinguish  the  several  fat  oils  by  the 
colours  which  they  exhibit  in  contact  with  strong  sulphuric  acid.  When  a drop  of  this 
acid  is  added  to  eight  or  ton  drops  of  an  oil  placed  on  a plate  of  glass  resting  on  white 
paper,  the  following  colours  are  immediately  produced: — OUvf  oil  produces  a deep 
yellow  tint  gradually  becoming  green  ; Seiami-oil  a bright  red  ; Colsa  oil  a greenish- 
blue  aureola;  Poppy  oil  becomes  pale  yellow  with  a dingy  grey  look;  Hrmp  oil  pro- 
duces a distinct  emerald-green  tint ; Linseed  oil  becomes  brown-red,  changing  to 
black-brown. 

The  colours  and  other  reactions  exhibited  in  treating  fat  oils  with  various  acids  and 
alkaline  reagents  have  also  been  examined  by  Professor  F.  C.  Calvert , a summary 
of  whose  results  is  given  in  the  table  on  page  183.  The  columns  headed  '*  + Caustic 
Soda,”  indicate  the  results  obtained  on  aading  that  ^kftli  to  an  oil  previously  treated 
with  the  reagent  at  the  bead  of  the  preceding  column. 

By  these  reactions  it  is  possible,  according  to  Culvert,  to  ascertain  the  presence  of 
10  per  cent  of  a given  oil  in  many  cases  of  adulteration ; for  example,  poppy-oil  in 
rape;  olive  in  Gallipoli  and  India  nut,  as  all  of  these  assume  a pale  rose-colour:  but 
when  poppy-oil  is  mixed  with  olive  or  castor-oils  there  is  a decrease  in  the  consistency 
of  the  semi-Rnponified  matter.  [For  details  see  Pharm.  J.  Trans,  xiii.  366;  also, 
lire's  Dictionary  of  Arts,  &c.  iii.  300.] 


B. — VoLATiLi  Oils. 

Essential  oils.  Essences.  Ethereal  oils.  Distilled  oiZs,— These  are  compounds, 
either  consisting  wholly  of  carbon  and  hydro^n,  or  of  the  same  elements  with  addition 
of  smaller  quantities  of  oxygen,  sulphur,  or  nitrogen ; of  thin  oily  consistency  at  ordi- 
nary temj>eratures,  and  wholly  volatile  at  higher  temperatures;  having  a peculiar 
and  generally  pungent  odour ; very  inflammable ; sparingly  soluble  in  water,  but  dis- 
solving readily  in  alcohol  and  ether. 

A large  number  of  volatile  oils  occur  ready  formed  in  plants,  and  a smaller  number 
in  the  animal  body : others  are  produced  by  dry  distillation  of  oiganic  bodies— 
these  are  called  empyreumatic  oils,  c.  g.  oil  of  amber,  coal-oil,  shale-oil,  creasote, 
Dippel's  oik  &c. ; others  by  fermentition  and  other  changes  in  tlie  inodorous  parts  of 
plants  (Fbbmknt  Ouj«,  ii.  634).  P<*troIt*uro,  rock-oil,  mineral  oil  ormineral  naphtha,  must 
also  be  included  amongst  the  oils  produced  by  the  decomposition  of  organic  ^dies 
(see  Naphtha,  p.  2,  and  Petbolrcm).  Volatile  oils  are  also  produced  by  the  action  of 
sulphuric  or  phosphoric  acid  on  organic  bodies,  e.g.  oil  of  wine  by  distilling  alcohol  in 
excess  of  sulphuric  acid,  menthene  (iii.  880)  by  distilling  peppermint-camphor  with 
phosphoric  acid.  In  this  article  we  shall  consider  only  the  volatile  oils  existing  ready 
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fornu^d  in  the  vegetable  or  animal  organism,  which  are  especially  distinguished  as 
essential  oils. 

Only  a few  volatile  oils  have  been  obtained  from  the  animal  body — the  oils  of  nuts, 
caKtort'um  and  ambergris  for  example — and  these  have  been  but  little  studied,  though 
similar  compounds  might  doubtless  be  obtained  from  many  other  odorous  animal  pro* 
ducts.  13ut  the  great  source  of  volatile  oils  is  the  vegetable  kin^om,  where  they  occur 
in  very  large  quantity  and  in  almost  all  parts  of  the  plant,  as  in  the  wood  and  bark 
of  tlie  stem  and  root ; under  the  epidermis  of  the  leaves,  calyces,  petals,  fmit,  8tc, ; 
in  the  different  coatings  of  the  seed  and  in  the  cellular  tissue  of  the  seed-vessels ; rarely 
in  the  albumen,  sometimes  even  in  the  embryo  of  the  seed. 

These  vegetable  oils  or  essences  consist  either  wholly  of  hydrocarbons,  or  of  mixtures 
of  hydrocarbons  with  compounds  of  carbon,  hydrogen,  and  oxygen.  Those  which  exist 
ready  formed  in  plants  do  not  appear  to  contain  any  other  element.  Sulphur  is  found 
only  in  certain  oils  resulting  from  a kind  of  fermentation-process,  as  in  the  volatile  oils  of 
mustard  and  garlic ; nitrogen,  when  it  occurs,  must  be  r^arded  as  an  impurity  resulting 
from  admixed  vegetable  tissue.  Many  vegetable  essential  oils  when  exposed  to  cold 
are  separated  into  a solid  compound,  c^led  aoamphor  or  stearoptene,  and  a liquid 
oil,  which  for  distinction  is  sometimes  called  an  e 1 le  o p t c n e. 

The  following  are  the  mod^  of  extracting  essential  oils  from  plants: — 

1.  Prtsgure, — This  method  succeeds  only  with  certain  parts  of  plants  which  are 
very  rich  in  oil,  such  as  lemon  and  urange-|>eel. 

2.  lit/  DiftilUttion^  generally  with  addition  of  water.— Heating  without  water  is  apt 
to  produce  charring  and  admixture  of  cmpyTcumutic  oib.  The  substances  containing 
the  volatile  oil  are  either  mixed  with  water  in  a laige  still  or  retort,  and  distilled  after 
sufficient  maceration ; or  they  are  placed  in  the  dry  state  on  the  upper  perfomted  base 
of  the  still,  and  subjected  to  the  action  of  vapour  of  water.  Although  the  boilingpoint 
of  most  volatile  oils  is  al>ove  that  of  water,  they  nevettliclcss  volatilise  at  100'^,  in  con- 
sequence of  the  diffusion  of  the  oil-vapour  into  the  vapour  of  M*ater  produced  at  that 
temperature.  In  the  distillation  of  the  less  volatile  oils,  however,  it  is  usual  to  add 
common  salt  to  the  water,  in  order  to  raise  the  temperature  a few  degrees,  and  thereby 
increase  the  tendency  of  the  oil  to  pass  over  with  the  aqueous  vapour.  The  vapours 
condense  in  the  cooling  tube  or  rt'ceivcr,  which  is  kept  cold  for  the  purpose  ; and  the 
wati  r takes  up  us  much  of  the  oil  as  it  is  capable  of  dissolving.  If  the  quantity  of  oil 
present  is  more  than  sufficient  to  saturate  the  water,  the  excess  sejiurates  out ; in  tho 
ontrary  case,  the  dUliUatc  is  cohobatfd ; that  is  to  say,  the  water  containing  the  oil 
in  solution  is  distilled  with  a fresh  quantity  of  the  substance  which  contains  the  oil, 
and  thereby  made  to  take  up  a double  quantity  of  oil.  A more  abundant  product  is 
likewise  obtained  by  distilling  the  original  vegetable  substance,  not  with  pure  water, 
but  with  \^ater  which  has  juvviously  Wen  used  for  the  same  distillation,  and  is  there- 
fore Butunitcd  with  oiL — If  the  oil  which  passes  over  readily  solidifies,  the  cooling  lube 
must  not  bo  kept  at  too  low  a temperature. — The  oil  which  collects  either  at  the  top 
or  at  the  bottom  of  tlie  water  is  separated  by  mechanical  means. 

Many  plants  yield  a laiger  quantity  of  oil  after  diying;  and  when  di.«tilled  in  the 
fresh  state,  with  cold  water,  they  yield  a comparatively  large  quantity  of  oil  together 
with  turbid  wati-r;  but  if  coverid  with  boiling  water  and  llien  distilled,  they  yield 
clear  water  and  less  oil.  The  cause  of  this  difference  is,  that  when  the  plant  is  dried, 
or  immersed  in  cold  water  containing  air,  the  oil  oxidises,  and  is  thereby  rendered  less 
soluble  in  water;  hence  it  fonns  a poorer  and  turbid  solution,  and  for  the  most  part 
separates  out.  (Desmarest,  J.  rimrm.  19,  163  ; al»str.  Aim.  Pharm.  9,  291.) 

Volatile  oils  obtained  by  distillation,  and  likewise  the  water  which  (Kisses  over 
with  them,  have  at  first  an  unpleasant,  empyreumatic  odour,  which,  however  is  not 
permanent, 

3.  Many  strongly  smelling  parts  of  plants  yield  no  volatile  oil,  even  by  repeated 
cohobulion  with  water,  probably  because  the  quantity  contained  in  them  is  too  small, 
or  because  the  oil  is  too  soluble  in  water,  or  too  much  incliue<l  to  decompose  by  the 
action  of  air  and  heat ; c.  7.  the  flowers  of  many  kinds  of  IsarcUaiia  Hyacintk  ; 
of  Foiyanthia  JonquiJin,  i'io/a  odorata^  Jasminum  off.^  Philadtiphus  cormtarius,  THlia 
r«rop<e<T,  Uenda  tidorata,  Ihiiotro^ium  euri})i>attm.  Such  flow»rs,  placed  in  layers 
between  cotton  sc^aked  in  olive  oil,  imjiart  their  pfrfume  to  the  oil 

From  some  of  them  it  has  lx*on  found  possible  to  extract  the  odoriferous  principle  in 
the  separate  state.  Kobiquet  (J.  Pharm.  xxi.  334)  cxhaustM  the  fresh  corollas  of 
Pidyanthrs  Jonquilla  with  ether  in  compression-llltt'rs ; separated  the  upper  yellow 
ethereal  >tr:itum  of  liquid  from  the  lower  watery  layer ; distilled  the  ether  from  the 
upper  liquid  at  a gentle  heat ; and  obtained  a residue  consisting  of  crystalline  nodules, 
together  with  a mollu  r-liquid,  which,  when  evaporated  in  the  air^ve  off  a strong  and 
agreeable  odour  of  jonquils.  The  crystalline  n^ules,  when  purified,  formed  an  inodo- 
rous cainplior;  and  appeared  to  be  the  odoriferous  oil  converted  into  this  camphor  by 
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ezpOfOK  to  tba  air.  L A.  Buchner  (N.  Br.  Arch.  xiii.  70)  obtained  similar  results  by 
appljing  Robiqnet*s  process  to  the  flowers  of  Philadilphus,  THiOy  and  Rt$eda. 

4.  The  less  Tolatile  oils,  and  more  especially  the  camphors,  are  likewise  frequently 
otneted  by  alcohol  or  ether,  from  which  they  are  afterwards  separated  by  evaporation 
tnd  cooling. 

Many  gum-resins,  such  as  myrrh,  do  not  yield  the  oil  which  they  contain,  or  at  least 
yield  it  ve^  imperfectly, by  distillation  with  water,  because  it  is  enveloped  in  gummy 
milters.  To  extract  the  oil  from  these  gum-reains,  they  are  pnlvertsed  and  then  ex- 
hsosted  three  times  with  an  equal  quantity  of  cold  alcohol,  agitating  frequently,  and 
leaving  the  whole  to  stand  for  some  time  ; the  filtered  tincture  is  then  poured  nto  a 
tabulated  retort,  both  apertures  of  which  are  left  open,  and  left  for  some  months  at  a 
temperature  of  12® — 21**^,  till  the  greater  part  of  the  alcohol  is  evaporated  (if  heat  were 
applied,  the  oil  would  likewise  pass  over).  The  turpentine-like  residue  is  then  covered 
with  water,  and  distilled  after  twelve  hours,  whereupon  the  oil  passes  over  in  abundance. 
(Bonastre,  J.  Pharm.  xvii.  108.) 

The  product  obtained  by  either  of  these  three  modes  of  pwparation  rarely  consists 
of  a simple  volatile  oil,  but  generally  of  a mixture  of  two  or  more  oils.  The  lighter 
and  more  volatile  of  these  is  usually  a pure  hydrocarbon ; the  other  is  either  an 

containing  oxygen,  or  a camphor.  These  bodies  are  sometimes  distinguished  by 
their  melting  points : thus,  a volatile  oil,  properly  so-called,  often  holds  a camphor  in 
tolation,  and  the  latter  crystallises  out  on  cooling,  especially  if  part  of  the  volatile  oil 
(which  is  more  easily  vaporised)  has  been  previously  driven  off.  Sometimes  again  they 
are  distinguished  by  their  different  volatility;  when  such  a mixture  is  distilled,  the 
boiling  point  is  at  first  low,  but  rises  as  the  quantity  of  the  more  volatile  oil  in  thn 
residue  diminishes,  till  at  length,  when  the  whole  of  the  latter  has  passed  over 
(together  with  a considerable  quantity  of  the  more  fixed  oil),  the  boiling  point  no 
longer  rises,  but  remains  constant  In  such  cases,  the  more  volatile  oil  generally  con- 
sists wholly  of  carbon  and  hydrogen,  while  the  more  fixed  oil  likewise  contains  oxygen 
The  former  may  be  distilled  without  decomposition  over  fused  hydrate  of  potassium;, 
but  the  more  fixed  oil  when  thus  treated,  takes  up  an  additional  quantity  of  oxygen 
from  the  water  of  the  hydrate  of  potassium  (liberating  the  hydrogen^  and  is  converted 
into  an  acid  which  remains  combined  with  the  potash.  Hence  to  separate  the  non- 
oxygenated  oil  from  such  a mixture,  it  is  partly  distilled  so  as  to  leave  behind  the 
greater  part  of  the  more  fixed  oil,  and  the  portion  which  first  passes  over  is  made  to 
drop  slowly  through  the  tubulure  of  another  retort  upon  hydrate  of  potassium  kept  in 
a state  of  fusion  ; the  non-oxygenated  oil  then  passes  over  pure.  (Gerhardt  and 
Cahours,  Ann.  Ch.  Phys.  [3]  61.) 

If  a volatile  oil  has  been  partly  converted  into  a resin  by  continued  exposure  to  the 
air,  it  may  be  freed  from  the  resin  by  distillation  with  water.  Any  moisture  which 
adheres  to  the  oil  may  be  removed  by  continued  agitation  with  chloride  of  calcium,  and 
mbaequent  distillation. 

Pro^tUs. — Volatile  oils  differ  considerably  in  colour.  Many  are  perfectly  colour- 
lees  when  pure,  others  are  yellow,  red  or  brown,  and  a few  are  green  or  blue.  All  of 
them  have  powerful  odours,  some  agreeable,  others  repulsive,  and  a sharp  burning 
aromatic  taste  ; some  of  them  produce  a feeling  of  coolness  on  tlie  tongue.  They  are 
not  ^asy  to  the  touch  like  fat  oils,  but  rather  make  the  skin  brittle  and  rough.  Their 
specific  gravity  varies  from  0*847  to  1*096;  but  the  greater  number  are  lighter  than 
water.  Their  solidifying  points  are  very  unequal,  some  solidifying  at  0®,  others 
requiring  a much  lower  temperature,  while  others  again  remain  solid  a few  degrees 
above  0®.  Most  of  them,  when  exposed  to  a low  temperature,  deposit  a solid  camphor 
or  stearoptene  (p.  184).  Most  volatile  oils  properly  so  called,  boil  between  150®  and 
200®;  oil  of  copaiba  at  260®  ; and  several  camphors  between  300®  and  400®. 

Volatile  oils  possess  great  refractive  and  dispersive  power,  and  exhibit  great 
diversity  in  their  action  on  polarised  light,  some  being  dextro-,  others  Ifcvo-rutatory  in 
very  various  degrees,  while  a few  are  inactive.  The  following  table  exhibits  the 
^tatory  power  of  a considerable  number  of  volatile  oils,  together  with  their  refractive 
indices  for  the  lines  A,  D,  and  H,  as  determined  by  Gladstone  (Chem.  Soc.  J.  xrii. 
3),  also  their  specific  gravities.  The  rotatory  power  was  determined  for  a column 
of  liquid  10  inches  long;  the  same  length  of  a solution  of  equal  parts  of  cane-sugar 
*nd  water  produces  a deviation  of  + 106®. 

The  blue  or  green  colour  exhibited  by  certain  volatile  oils,  chiefly  from  plants 
of  the  Composite  order,  wormwood  and  chamomile  for  example,  is  due  to  an  oily  com- 
pound of  a very  deep  blue  colour,  called  coerulein,  which  may  be  separated  by  dis- 
tilUtioD,  going  over  with  the  last  portions  of  the  oil,  but  has  not  been  obtained  pure. 
The  Solution  of  this  blue  substance  in  oils  or  alcohol  exhibits,  when  examined  by 
1 hollow  wedge  and  prism  (Ligut,  iii.  638),  a very  characteristic  spectrum,  in  which 
the  orange  and  yellow  rays  are  first  absorbed,  and  at  a certain  depth  nothing  is 


.ogle 


jod  -J 


186 


OILS  : VOLATILE. 


Specific  Gravitia  and  Optical  Propertiet  of  Euentiai  OiU. 


Crude  one. 

Spec. 

Grav.  at  > 
16*6°  C. 

Refracdre  ludkea. 

RoUtloa* 

Tamp. 

A. 

D. 

H. 

1 Anise  . . 

•9852 

16-8“ 

1-6433 

1-5666 

1-6118 

- 1° 

Atberosperma  moschatom 

1-0425 

14° 

1-6172 

1-5274 

1-5628 

+ 7° 

Bay  , 

■8808 

18-6° 

1-4944 

1-6022 

1-6420 

- 6° 

Bergamot  . 

•8826 

22° 

1-4669 

1-4626 

1-4779  0. 1 

+ 23° 

„ Florence 

•8804 

26-6° 

1-4647 

1-4614 

1-4760  G.  1 

+ 40° 

Birch-bark  . 

•9006 

8° 

1-4861 

1-4921 

1-6172 

+ 38° 

Cajcput  . • 

•9203 

26-6° 

1-4661 

1-4611 

1-4778 

0® 

CdJazmu 

■9388 

10° 

1-4965 

1-6031 

1-6204  G. 

+ 43-5° 

„ EambnrK 

•9410 

11° 

1-4843 

1-4911 

1-6144 

+ 42°? 

f 

s 

• 

•8846 

19° 

1-4601 

1-4671 

1-4886 

+ 63° 

,,  Hamburg  1st  diet 

•9121 

10° 

1-4829 

1-4903 

1-6142 

..  2nd 

■8832 

10-6° 

, , 

1-4784 

Cae<»rilU  . 

■8966 

10° 

1-4844 

1-4918 

1-6158 

+ 26° 

Cassia 

10297 

19-5° 

1-6602 

1-6748 

1-6243  G. 

0® 

Cedar  . 

•9622 

23° 

1-4978 

1-6035 

1-6238 

+ 3° 

Cedrat 

•8584 

18° 

1-4671 

1-4731 

1-4952 

+ 166° 

Citronella  . 

‘8908 

21° 

1-4699 

1-4669 

1-4866 

- 4° 

„ Penang 

•8847 

16-5° 

1-4604 

1-4666 

1-4876 

- 1® 

Cloves 

1 0475 

17° 

1-5213 

1-6312 

1-6666 

- 4® 

Coriander  « 

•8775 

10° 

1-4592 

1-4652 

1-4806  G. 

+ 21°? 

Cubebs 

•9414 

10° 

1-4953 

1-5011 

1-5160  G. 

Dill  . 

•8922 

11-6° 

1-4764 

1-4834 

1-5072 

+ 206° 

Elder  . 

•8584 

8-6° 

1-4686 

1-4749 

1-4966 

+ 14-6° 

1 Eucalyptus  amygdalina 

■8812 

13-6° 

1-4717 

1-4788 

1-5021 

-136° 

„ oleosa 

•9322 

13-6° 

1-4661 

1-4718 

1-4909 

+ 4® 

Indian  geranium  . 

•9043 

21-5° 

1-4663 

1-4714 

1-4868  G. 

- 4° 

Lavender  . 

■8903 

20° 

1-4686 

1-4648 

1-4862 

— 20° 

Lemon 

•8498 

16-5° 

1-4667 

1-4727 

1-4946 

+ 164° 

Lemon  grass 

•8932 

24° 

1-4705 

, , 

- 3°? 

„ Penang 

■8766 

13-6° 

1-4756 

1-4837 

1-6042 

0° 

Melaleuca  ericifolia 

•9030 

9° 

1-4665 

1-4712 

1-4901 

+ 26° 

„ linarifolia 

•9016 

9° 

1-4710 

1-4772 

1-4971 

+ 11° 

Mint  . 

•9342 

19° 

1-4767 

1-4840 

1-5015  G. 

-116° 

„ . - . 

•9105 

14-6° 

1-4756 

1-4822 

1-6037 

-13° 

Myrtle 

•8911 

14° 

1-4623 

1-4680 

1-4879 

+ 21° 

Myrrh 

10189 

7-6° 

1-5196 

1-5278 

1-5472  G. 

-136° 

NeroU 

■8789 

18° 

1-4614 

1-4676 

1-4835  G. 

+ 15° 

»»  • • 

•8743 

10° 

1-4673 

1-4741 

1-4831  F. 

+ 28° 

Nutmeg 

•8826 

24° 

1-4644 

1-4709 

1-4934 

+ 44° 

„ Penang  . 

•9069 

16° 

1-4749 

1-4818 

1-6053 

+ 9° 

Orange-peel 

•8609 

20° 

1-4633 

1-4699 

1-4916 

+ 32°? 

„ Florence 

-8864 

20° 

1-4707 

1-4774 

1-4980 

+ 216° 

Parsley 

•9926 

8-6° 

1-6068 

1-5162 

1-6417  G. 

- 9° 

Patchouli  . 

•9564 

21° 

1-4990 

1-6050 

1-6194  G. 

„ Penang 

•9592 

21° 

1-4980 

1-5040 

1-6183  G. 

-120° 

„ French 

1-0119 

14° 

1-5074 

1-6132 

1-6202  F. 

Peppermint 

•9028 

i 14-5° 

1-4612 

1-4670 

1-4864 

-72° 

„ Florence 

•9116 

14° 

1-4628 

1-4682 

1-4867 

-44° 

Petit  grain  . 

•8766 

1 21° 

1-4536 

1-4600 

1-4808 

+ 26° 

Rose  . 

■8912 

i 26° 

1-4667 

1-4627 

1-4836 

- 7° 

Rosemary  , 

•9080 

. 16-6° 

1-4632 

1-4688 

1-4867 

+ 17° 

Rosewood  . 

■9064 

17° 

1-4843 

1-4903 

1-5113 

-16° 

Santalwood . 

■9750 

24° 

1-4959 

1-.5021 

1-8227 

-60° 

Thyme 

•8843 

19° 

1-4695 

1-4754 

1-4909  G. 

Turpentine  . 

•8727 

13° 

1-4672 

1-4732 

1-4938 

-79° 

Verbena 

■8812 

20° 

1-4791 

1-4870 

1-6069  G. 

- 6° 

Wintergreen 

11423 

16° 

1-6163 

1-6278 

1-5737 

+ 3° 

Wormwood  . 

■9122 

18° 

1-4631 

1 1-4688 

1-4766  F. 
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inflfered  to  pass  except  the  greenish-blue  rays  and  the  extreme  red  band.  A diagram 
of  this  spectrum  is  given  in  Gladstone’s  paper  just  referred  to,  p.  14. 

Most  of  the  essential  oils  existing  rmay  formed  in  plants  contain)  hydrocarbons  of 
the  formula  Some,  as  the  oils  of  turpentine,  lemon,  cubebs  and  copaiba, 

eoQBst  vholly  of  those  hydrocarbons ; others  contain  also  oxidised  compounds  ; oil  of 
wiatecgreen,  for  example,  is  a mixture  of  a hydrocarbon,  with  methyl-sidicylic 

ether.  These  hydrocarbons  are  separated  by  fractional  distillation  as  above  mentioned, 
over  at  the  beginning  of  the  process,  and  are  further  purified  by  rectification 
over  s^um.  The  following  tabic  (p.  188)  exhibits  the  densities  and  optical  properties 
of  s considerable  number  of  these  polymeric  hydrocarbons.  The  oils  are  arranged  uc- 
endinsto  their  specific  gravities  at  20°  C.  The  column  beaded  “ Dispersion  at  20^  C.” 
gives  ^ difference  between  the  refractive  indices  of  the  lines  H and  A.  The  sen- 
litiveness”  is  the  amount  of  dimination  of  the  refractive  index  when  the  tempera- 
ture rises  10*^;  it  is  calculated  for  the  line  A,  and  the  number  48  is  an  abbreviation  of 
0*0018.  The  **sp^fic  refr'active  energy”  is  the  refractive  index,  minus  unity, 
divided  by  the  density  (Liobt,  iiL  62fi).  In  the  following  table  it  is  taken  for  A,  that 

U the  column  represents  - K 


These  hydrocarbons  may  be  divided  into  two  great  groups,  the  line  of  separation 
bein^  between  those  from  rosemary  and  cloves.  The  fint  group,  with  a lower  specific 
mntj,  has  always  a far  lower  boiling  point,  a smaller  index  of  refraction,  and  a 
higher  sensitiveness ; it  has  also  on  the  whole  a smaller  dispersion.  The  specific  re- 
frMtive  energy,  however,  of  the  two  groups  is  about  the  same.  The  hydro^bons  of 
the  first  , group  are  also  generally  more  limpid,  and  dissolve  more  freely  in  aqneous 
alcohol 


These  large  groups  are  farther  capable  of  subdivision.  The  first  ten  hydrocarbons 
is  the  table  resemble  one  another  very  closely.  Indeed,  it  is  probable  that  the  three 
vhich  are  derived  from  the  peel  of  the  orange,  citron,  and  lemon  respectively,  should 
he  considered  as  identical  rather  than  isomeric ; and  it  is  not  unlikely  that  some  of  the 
others  are  the  same  body  from  different  plants.  Gaultherilene,  carvene,  and  the  hv' 
drocarbon  from  nutmeg,  form  a small  group,  if  indeed  they  are  not  identical  The 
hydrocarbons  from  wormwood,  anise,  thyme,  mint,  and  laurel-turpentine,  group  with 
orduuuT  turpentine ; bay,  myrtle,  and  rosemary  stand  alone,  each  naving  a low  refrac- 
tion and  dispersion,  but  they  differ  much  in  specific  gravity.  Peppermint  is  somewhat 
intermediate  in  its  properties.  Tercbene  and  the  hydrocarbons  from  parsley  and 
Euedyptus  amygdalina  give  high  refractive  indices.  It  is  possible  that  some  of  these 
last  contain  a small  quantity  of  some  hydrocarbon  of  another  type  but  nearly  the  same 
eompoeition. 

Agsin,  the  second  large  group  with  the  higher  specific  gravities  is  capable  of  subdi- 
Tuion.  The  hydrocarbons  frx>m  cloves  and  rosewood  appear  nearly,  if  not  quite, 
identical  in  properties,  and  are  certainly  different  from  patchonli,  callus,  and  cas- 
carilla. 


Colopbene  differs  from  the  second  laige  group  in  mneh  the  same  way  as  that  differs 
from  the  first,  though  to  a smaller  extent. 

All  the  members  of  the  first  great  group,  with  the  boiling  points  included  between 
14CP  and  176<^,  have  the  formida  which  is  usually  assigned  to  oil  of  turpeu- 

tioc  on  the  ground  of  its  vapour-density  and  compounds  with  the  hydradds. 

All  the  members  of  the  second  great  j^np,  with  boiling  points  inclnded  between 
349^  and  260^  C.,  have  the  formula  which  is  assign^  to  oil  of  cubebs  from  its 

compound  with  hydrochloric  acid. 

Colophene  with  a boiling  point  of  815°  C.,  has  long  had  the  formula  assigned 

to  h. 


"nie  specific  refractive  energy  is  a property  of  bodies  intimitely  connected  with  their 
ultimate  composition,  and  it  might  bo  expected  that,  notwithstanding  diversities  of 
boiling  point  and  density,  this  property  would  be  the  same  for  the  different  isomeric 
hvdro^boDS.  Yet  thongh  the  differences  are  not  great  they  seem  to  be  real,  for  the 
lemon  group  is  uniformly  about  0*549  and  the  turpentine  group  about  0*536. 

The  phenomena  of  circular  polarisation  are  not  of  much  use  in  the  classification  of 
hjdrocarbons,  or  as  a means  of  distinction  between  the  crude  oils ; for  it  is  found  that 
different  samples  of  the  same  hydrocarbon,  or  of  the  same  oil,  which  cloeely  resemble 
one  another  in  other  reapects,  frequently  differ  widely  in  respect  of  this  property.  It 
be  observed,  however,  that  the  hydrocarbons  of  the  great  lemon-group  exhibit 
the  highest  rotatory  power,  and  always  to  the  right,  excepting  that  from  cascarilla, 
which  belongs  to  the  same  group,  but  is  nevertheless  quite  inactive. 

Decwjiporirtofis  of  VolatUe  Oils. — 1.  Those  oils  which  have  a high  boiling-point  are 
ptrtly  dwmposed  by  simple  distilUiiion,  leaving  a residue  of  char^al ; bnt  when  dis- 
tilled with  water,  or  gently  heated  in  the  air,  they  may  be  volatilised  without  deoom- 
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Specific  Gravitiee,  B<filing  Points,  and  Optical  Properties  of  Hydrocarbons  from 
Essential  Oils  (Gladstone). 


Source  of  Hydrocarbon. 

Specific 

Bolling 

point. 

RefrartiTe 

index 

A.»t  C. 

Diiper. 
ilon  at 
50®  C. 

Sen. 

■Itlfe 

neta. 

Specific 

reiraclire 

energy. 

Rou* 

Uoa. 

Orange-peel  .... 

■8460 

174°C. 

1-4645 

■0277 

48 

•5490 

■9154° 

„ Florence 

•8468 

174» 

1-4650 

•0281 

49 

•5491 

■9260° 

Cedrat 

•8466 

173® 

1-4650 

■0280 

49 

•5492 

+ 180° 

I.*emon 

•8468 

173° 

L4660 

•0280 

49 

•5502 

+ 172° 

Bergamot  .... 

•8466 

175® 

1-4619 

•0295 

49 

•5456 

+ 76°: 

„ Florence 

•8464 

176° 

1-4602 

•0287 

48 

■5437 

+ 8->° 

Neroli  ..... 

•8466 

173® 

1-4614 

•0291 

47 

■5450 

+ 76°i 

Petit  grain  .... 

•81-0 

174® 

1-4617 

■0282 

46 

■5439 

+ 60°i 

Caraway,  Hamburg,  1st  dist.  . 

■8166 

176® 

1-4645 

•0286 

48 

•5486 

+ 180° 

DiU 

•8467 

173° 

1-4646 

•0288 

46 

-.5486 

+ 242°^ 

Casoarilla  .... 

.8467 

172° 

1-4652 

•0305 

49 

•5494 

O'^l 

Elder  , .... 

■8468 

172° 

1-4631 

•0269 

47 

■5468 

+ 15°, 

Bay 

■8508 

171° 

14542 

•0260 

47 

•53.38 

- 22°l 

OauUherilenc 

■8.510 

168° 

1-4614 

•0-271 

49 

•6422 

Nutmeg 

■8518 

167° 

1-4630 

■0284 

47 

•6435 

+ 49°! 

„ Penang 

•8527 

166° 

1-4634 

•0274 

49 

•5434 

•f  4°. 

Car\'cno ..... 

•8530 

166° 

1-4610 

•0261 

48 

•5440 

- 20°i 

„ Ilambnrg,  2nd  dist. 

•8546 

1-4641 

■0263 

48 

•5431 

+ 86°1 

Wormwood  .... 

*8565 

160° 

1-4590 

•0253 

47 

■5359 

+ 46° 

Tcrebene  .... 

■8583 

160° 

1-4670 

•0275 

48 

•6440 

0=1 

Anise  ..... 

•8580 

160° 

1-46(17 

•0268 

47 

•5368 

1 

Mint 

•8600 

160° 

1-4622 

•0255 

48 

•5374 

+ 30° 

Peppermint  .... 

■8602 

175° 

1-4577 

•0267 

47 

•6321 

- 60° 

Laurel  turpentine  . 

•8618 

160° 

1-4637 

•0260 

47 

•5380 

+ 94° 

Thyme  ..... 

•8635 

160= 

1-4617 

■0282 

48 

•5346 

- 75' 

Turpentine  I 

•8644 

160° 

1-4612 

■02.50 

47 

•5335 

+ 48° 

„ II.  . . . 

■8555 

160° 

14590 

•0256 

47 

•5365 

- 87^ 

III.  . . . 

•8614 

160° 

1-4621 

•0249 

•6364 

- 90°^ 

„ IV. 

■8600 

160° 

1-4613 

•0254 

47 

•6364 

- 88° 

Eucalyptus  amygdalina  . 

•8642 

171° 

1-4696 

•0323 

49 

•5434 

-142° 

Myrtle 

•8690 

163° 

1-4565 

•0248 

47 

•5253 

+ 64H 

Parsley 

•8732 

160° 

1 4666 

■0291 

46 

■5355 

- 44= 

Kosemary  .... 

•8806 

163° 

1-4.583 

■0241 

46 

•6‘205 

+ 8° 

Cloves 

•9041 

249° 

1-4898 

•0284 

45 

•6417 

Rosewood  .... 

■9042 

249° 

1-4878 

•0277 

45 

•5395 

- 11° 

Cnbel)S  ..... 

•9062 

260° 

1-4950 

■0302 

41 

•5462 

+ 59°i 

Calamus  .... 

•9180 

260° 

1-4930 

■0322 

42 

■6370 

+ 65° 

„ Hamburg  . 

•9275 

260° 

1-4976 

•0337 

43 

•5365 

+ 22° 

Cascarilla  .... 

•9212 

254° 

1-4926 

•0307 

42 

•5347 

+ 72° 

Patchouli  .... 

•9211 

254° 

1*4966 

•0274 

42 

•5391 

„ Penang  . 

9278 

257° 

1-4963 

•0275 

44 

■5349 

- 90° 

„ French  . 

•9255 

260° 

1-5009 

•0262 

42 

•5412 

Colopheno  , , . , 

•9391 

315° 

1-6084 

•0309 

41 

•5413 

o°! 

position.  But  eron  the  more  volatile  oils,  when  mixed  with  earthy  substances,  such  as 
clay,  chalk,  sand,  &e.,  which  mechanically  prevent  tlieir  volatilisaliou,  are  partially 
deconip^wed  by  distillation,  combustible  gases  being  evolved,  and  charcoal  left  behind ; 
if  they  contain  oxygen,  they  may  likewise  yield  carbonic  oxide,  acetic  acid,  Ac.  When 
the  vapour  of  a volatile  oil  ia  passed  through  a red-hot  tube,  it  is  reaolveii  into  com- 
bustible gases  and  cliarcoal,  whicli  is  sometimes  finely  divided,  sometimes  shining 
dense,  and  difficult  to  bum;  the  portion  of  the  oil  which  has  passed  over  undveom- 
posed  is  often  found  to  be  alU'red  in  its  properties,  a.s,  for  example,  in  its  boiling 
point. — 2.  Volatile  oils  are  very  inflammable,  and  bum  with  a clear  flame  which 
deposits  a large  ouantity  of  soot.  If  the  vapour  of  a volatile  oil  bo  made  to  issue 
from  a fine  jet,  under  a pres.sure  of  1-6  centimetres  of  mercury,  it  does  not  take  fire 
till  it  has  reached  a distance  of  some  centimetres  from  the  jet ; that  is  to  say,  till  it 
has  become  mixed  with  four  or  five  times  its  volume  of  air ; it  then  bums  with  a bright 
flame,  which  no  longer  smokes,  and  may  be  used  fur  illumination. — 3.  Essential  oils, 
when  placed  in  vessels  not  perfectly  closed,  and  at  the  medium  temperature  of  the  air. 
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abtorb  oxygen  gas ; a^niro  the  power  of  reddening  litmtis  strongly,  from  ormation  of 
benzoic,  cinnamic,  acetic,  and  other  organic  acids;  and  are  then  partially  converted 
into  resins,  becoming  viscid  and  less  odoriferous,  and  passing  from  the  colourless  state 
to  yellow  or  red-brown,  or  from  blue  to  brown.  Oils  thus  altered  are  resolved  by  dis- 
tilikioD  into  pure  oil  and  a residue  of  resin.  The  absorption  of  oxygen  takes  place 
with  ditTerent  degrees  of  rapidity  in  different  oils.  For  the  first  few  days  it  goes  on 
slowly,  then  increases  in  rapidity  up  to  a certain  limit,  beyond  which  it  again  dimin- 
ishes,  and  after  several  months  becomes  imperceptible.  During  this  change,  and 
espevialiy  towards  the  end,  the  oil  exhales  a small  quantity  of  carl^nic  anhydride,  and 
t still  emaller  quantity  of  hydrogen.  At  the  same  time,  a small  quantity  of  very  acid 
water  is  produ^d,  which  is  loosely  attached  to  the  reainisod  oil,  but  may  be  separated 
from  it  either  by  the  application  of  beat  or  by  exposure  to  the  sun. — 4.  A similar  de- 
composition to  that  which  takes  place  in  the  air,  is  likewise  produced  by  placing  the 
oil  in  contact  with  nitrous  gas,  which  it  rapidly  absorbs ; also  by  boiling  the  oil  with 
btide  of  copper  or  peroxiWc  nf  lead,  water  being  then  formed ; or  by  digesting  it  with 
nerturic  nitrate  or  chloride,  these  bodies  being  thereby  convert<*d  into  mercurous  ni- 
trate and  calomel  respectively.  Volatile  oils  are  likewise  resinised  by  stannic  chloride 
and  yentackloride  of  antimong,  the  latter  often  yielding  reduced  metal.  Oils  which 
easily  resinise  in  the  air  are  likewise  immediately  thickened  by  agitation  with  a warm 
concentrated  solntion  of  neutral  ferric  sul'j^hate. — 6.  Volatile  oils  absorb  chlorine  gas, 
with  erolution  of  heut,  and  are  converted  into  ^’i8cid  substances  (Thinard).  Hydro- 
chloric acid  is  fr^equently  formed  in  this  reaction,  a substitution  of  chlorine  for  hydrogen 
likcwi5c  taking  place,  .bromine  exliibits similar  reactions  (Laurent). — 6.  Many  volatile 
oib  proper  give  up  their  hydrogen  to  iodine  so  rapidly,  and  with  .so  great  a develop- 
ment of  heat,  that  an  explosion  takes  place  accompanied  with  evolution  of  violet  and 
yellow  rapoors.  This  is  the  case  with  the  oils  of  turpentine^  juniper,  savine,  lemon, 
rosemary,  and  lavender.  The  residue  is  a thickened  oil  or  a brown  acid  resin.  These 
oils  Jo:^  by  age  the  property  of  deflagrating  with  iodine. — Other  oils  dissolve  iodine 
q;iickly,  with  or  without  evolution  of  heat,  forming  therewith  a brown,  thickish  oil,  or 
a soft  or  hard  resin,  with  separation  of  a brown  liquid  containing  hydriodic  acid.  Such 
u the  case  with  the  oils  of  cinnamon,  sassafras,  cloves,  rue,  tansy,  caraway,  fennel,  and 
peppermint. — 7.  Fuming  nitric  acid  decomposes  essential  oils  mostly  with  great  ra- 
pidity. the  action  being  attended  with  evolution  of  gas,  and  with  development  of  heut 
often  amounting  to  the  most  vivid  inflammation ; those  essential  oils  which  arc  not  set 
on  fire  by  faming  nitric  acid,  generally  burst  into  flame  when  treated  with  nitric  acid  to 
which  half  its  bulk  of  sulphuric  acid  has  been  added.  After  the  combustion,  a residue 
of  cliarcoal  is  left.  If,  however,  the  oil  does  not  take  tire,  there  remains  a soft,  bitter 
resin,  which  retains  nitric  peroxide,  even  after  loug  washing  with  water,  and  a yellow 
or  bruwn  acid  liquid  from  which  water  still  separates  a resinous  substance.  Camphors 
are  not  so  rapidly  decomposed ; several  of  them  and  of  other  volatile  oils  are  converted 
by  heating  with  dilute  nitric  acid,  partly  into  peculiar  acids  (benzoic  and  anisic  acids), 
partly  into  oxalic  acid.  Many  oils  turn  yellow  when  mixed  with  one-fourth  to  one- 
nilf  their  weight  of  concentrated  nitric  acid ; others  first  turn  pale  red,  then  bright 
red,  and  after  twenty-fonr  hours,  brown  ; others,  again,  acquire  a beautiful  violet  colour 
(Bonastre). — 8.  Strong  sulphuric  acid  mixes  with  most  essential  oils,  causing  rise  of 
temperature  and  evolution  of  sulphurous  anhydride,  together  with  a volatile  oil  which 
amellsof  strawberries;  the  product  is  a thick  brown  liquid, from  which  water,  in  many 
cas#-8,  se[farates  an  isomeric  compound  {e,g.  unisoin  from  anise-oil) ; in  other  cases,  a 
Irura  acid  substance,  which  behuvi'S,  sometimes  like  artificial  tannin,  sometimes  like 
an  acid  resin,  dissolves  in  alcohol  and  alkalis,  and,  to  a certain  extent,  also  in 
Water:  heating  the  sulphuric  acid'solution  causes  the  mass  to  carbonise.  Camphors, 
which  usually  dissolve  without  decomposition  in  cold  sulphuric  acid,  likewise  become 
charred  when  heated  with  it. 

Omlfinations. — a.  Essential  oils  and  many  camphors  are  slightly  soluble  in  water, 
to  thp  extent  of  about  1 pt  in  1,000  ; those  which  contain  oxygen  dissolve  more  freely 
than  those  which  do  not.  The  solution  is  sometimes  obtained  by  agitating  the  volatile 
oil  with  water,  but  more  frequently  by  distilling  the  water  with  substances  which  con- 
tain the  Volatile  oil.  The  products  an'  called  Distilled  Waters  {Amta  dietillatee).  They 
are  transparent  and  colourless,  unless  the  oil  is  in  excess,  in  wbicli  case  it  n'-mains  for 
* long  time  suspended  in  the  liquid  and  renders  it  turbid  ; tliey  possess  the  taste  and 
*mril  of  the  volatile  oils  which  they  contain.  Agitation  with  a fixed  oil  (Davies, 
J.  Pharm.  ix.  16),  or  with  ether,  withdraws  the  volatile  oil  from  the  water,  and  on 
eraporating  the  etliereal  solution,  the  greater  part  of  the  oil  is  left,  behind  (Soubeiran, 
J.  Pharm.  xvii.  6*20  ; xix.  50).  Agitating  the  water  with  common  salt  separates  a con- 
tiderable  portion  cf  the  oil ; such  is  the  case  with  Aqua  F<eniculi,  Mentha  piperita, 
and  Cmnamomf, and  with  water  containing  primrose-camphor.  (Huuefcl^  J.  pr. 
Chtm.  ix.  24.) 


190 


OILS : VOLATILE. 


To  determine  the  quantity  of  Tolatile  oil  contained  in  a distilled  water,  half  an  ounce 
of  the  liquid  ia  to  be  mixed  with  a smallj  quantity  of  gclatinoiu  storchf  and  a solution 
of  1 grain  of  iodine  tn  500  grains  of  alcohol  and  1,500  grains  of  water  added,  with 
agitation,  till  the  oil  ceases  to  give  up  hydrogen  to  the  iodine,  and  consequently  the 
i(^ine  begins  to  impart  a blue  colour  to  the  starch.  It  must,  howeyer,  be  obeerved, 
that  different  oils  destroy  the  blueing  properties  of  different  quantities  of  iodine,  and 
that  therefore  this  mode  of  testing  can  bo  applied  only  for  comparing  different  samples 
of  the  same  kind  of  distilled  water  one  with  the  other. 

/3.  Volatile  oils  dissolrc  readily  in  alcohol,  and  most  of  them  mix  with  absolute 
alcohol  in  all  proportions.  According  to  Saussure,  the  solubility  of  different  oils 
increases  with  quantity  of  oxygen  which  they  contain ; hence  also  the  same  oil  is 
more  readily  soluble  the  longer  it  has  been  exposed  to  the  air.  Such  solutions  ara 
obtained  by  distilling  parts  of  plants  which  contain  the  rolatile  oil  with  alcohol  and  a 
small  quantity  of  water,  which  prevents  charring  towards  the  end  of  the  distillation. 
Many  of  the  preparations  which  npothecaries  call  **  Spirits  ” are  solutions  of  this  kind,  as 
also  verfumid  waters,  such  as  Eau  de  Cologne,  LatJtnder -water,  &c.  Most  camphors 
also  oissolve  readily  in  alcohol ; there  ore  but  few  which  dissolve  with  difficulty.  All  these 
solutions  bum  with  a bright  flame,  which  is  smoky  if  the  solution  contains  much  oil 
When  mixed  with  water,  they  turn  milky,  from  separation  of  the  oil,  part  of  which, 
however,  remains  dissolved  in  the  aqueous  mixture.  If  a volatile  oil  is  mixed  with 
only  a small  quantity  of  alcohol,  it  docs  not  become  turbid  when  mixed  with  water, 
and  only  gives  up  its  alcohol  when  repeatedly  agitated  with  fresh  quantities  of  water. 

Wood-spxrit  and  acetone  behave  like  alcohol ; so  likewise  do  ether  and  several 
other  ethereal  liquids,  excepting  that  from  the  latter  the  oils  cannot  be  separated  by 
water.  Sulphide  of  carbon  mixes  in  all  proportions  with  volatile  oils,  ana  dissolves 
camphors. 

Volatile  oils  mix  with  fats,  dissolve  most  resins  and  resinous  colouring  matters, 
and  several  organic  bases ; they  also  mix  with  one  another. 

With  the  aid  of  heat,  they  dissolve  a tolerably  large  quantity  of  phosphorus, 
forming  a liquid  which  shines  in  the  dark,  and  deposits  the  greater  part  of  the  pbos* 
phorus  on  cooling. 

They  also,  when  heated,  dissolve  a small  quantity  of  sulphur,  which  crystallises  out 
again  on  cooling ; when  boiled  for  some  time  with  sulphur,  they  unite  inthe  decomposed 
state,  with  considerable  quantities  of  that  substance,  forming  a brown,  greasy,  stinking 
maas,  called  Volatile  Balsam  of  Sulphur,  which,  if  heated  for  a longer  time,  quickly 
evolves  a large  quantity  of  sulphuretted  hydrogen  gas.  Most  camphors  may  also  be 
made  to  unite  with  sulphur  and  phosphorus  by  fusion. 

Many  volatile  oils  and  camphors  absDrb  large  quantities  of  hydrochloric  acid  gas, 
producing  great  rise  of  temperature,  and  forming  sometimes  oily,  sometimes  camphor- 
oidal  compounds,  in  which  the  chlorine  cannot  be  detected  by  nitrate  of  silver.  With 
hijdrohromic  acid  gas  they  bt*have  in  a similar  manner.  Many  of  them  combine  with 
chloride  of  phosphorus  and  chloride  of  sulphur,  the  combination  being  attended  with 
evolution  of  heat.  They  likewise  sbsorb  small  quantities  of  carbonic  oxide,  carbonic 
anhydride,  and  nitrous  oxide  and  larger  quantities  of  sulphurous  anhydride,  sulphy- 
dric  acid  and  fluoride  of  calcium. 

5.  Volatile  oils  mix  readily  with  hydrocyanic  acid,  abstract  that  acid  from  water, 
and  form  a mixture  which  does  not  readily  decompose,  and  is  especially  heavier  than 
vi'ater  (Ittner).  They  absorb  a few  volumes  of  cyanogen  gas,  and  dissolve  iodide  of 
cyayiogrn  with  facility. 

e.  Many  volatile  oils  and  camphors  are  capable  of  mixing  with  certain  organic  acids 
such  as  acetic,  succinic,  benzoic  camphoric,  suberic  acid,  and  the  fatty  acids.  Strung 
acetic  acid  dissolves  many  volatile  oils  and  camphors  (Fourcroy  and  V'auquelin, 
Sober.  J.  v.  282 ; V auquelin,  Ann.  Chim.  Phys.  xix.  279).  Acetic  acid,  which  holds 
volatile  oils  in  solution,  rc^luces  mercurous  nitrate  or  silver  nitrate  at  a boiling  heat, 
but  not  so  quickly  as  formic  acid.  (W alcker.) 

Only  a few  oils,  which  contain  oxygen,  and  have  a slightly  acid  character,  viz. 
creosote,  oil  of  clove.s,  and  oil  of  pimento,  absorb  ammoniacal  gas  in  abundance,  dis- 
solve in  aqueous  alkalis,  and  form  with  these  and  other  bases,  saline  compounds,  in 
which  tlic  odour  of  the  oil  is  dcstroyinL 

\’olatilo  oils  dissolve  oxide  of  ci>ppcr  at  ordinary  temperatures,  but  reduce  it  on 
application  of  brat  (.\.  Vogel);  they  dissolve  protoxide  of  lead  with  facility 
(Schweitzer);  mix  with  chloride  and  fiuoride  of  ar$>nic ; andabslmet  corrosive 
sublimate  from  its  aqueous  solution,  whereby  they  become  thick  aud  solid.  They  also 
separate  chloride  of  gold  from  its  aqueous  solution  ; and  on  subsequent  exposure  to 
light,  the  gold  is  set  free  in  the  metallic  state. 

Adulterations  of  Volatile  Oils. — The  more  expensive  of  the.se  oils  are  often 
adulterated  with  cheaper  oils  of  the  same  class,  also  with  fixed  oils  and  with  alcohol. 
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I.  With  Fistd  0U4.-^\.  Oils  thus  adolterated  I )aT6  upon  paper  a greasy  spot,  which 

remaios  even  after  long-continued  warming  at  10.)®. — 2.  When  the  mixture  is  distilled 
with  ira/rr,  the  volatile  oil  passes  over»  whUe  tho  hxed  oil  remains,  and  may  bo  detected 
hj  saponifying  it  with  potuh. — 3.  On  dissolving  the  volatile  oil  in  three  times  iU 
Tolume  of  80  per  cent,  alcohol,  the  greater  part  of  the  fixed  oil  remains  undis- 
solved. 

IL  With  Alcohol. — 1.  When  the  proportion  of  alcohol  is  large,  tlie  greater  part  of 
it  may  be  extracted  by  tcaUr,  the  liquid  acquiring  a milky  turbidity.  Hence  the 
qomtity  of  alcohol  may  be  determined  by  shying  up  the  oil  with  an  equal  bulk  of 
water  in  a graduated  test^tube^  and  observing  the  diminution  of  volume  (Lipowitz). 
The  result,  however,  is  not  quite  accurate,  because  the  separated  oil  still  retains  a 
portion  of  alcohol«~2.  The  mixture,  when  distilled  with  water,  gives  off  the  alcohol 
at  the  reiy  beginning  of  the  distillation;  and  this  first  distillate,  when  concentrated 
by  rectification  yields  alcohol,  easily  recognised  by  its  smell,  taste,  density,  boiling 
point,  and  flame. — 3.  Into  a graduated  tube,  two-thirds  filled  with  the  oil,  some 
pieces  ot  chloride  of  calcium,  free  from  dust,  are  introduced,  and  the  whole  heated  for 
fire  minutes  on  the  water-bath,  with  frequent  agitation.  If  no  alcohol  is  present,  the 
lumps  of  chloride  ^of  calcium  appear  unaltered  after  cooling ; if  a small  quantity  is 
present,  they  appear  effloresced  and  baked  together ; and  a larger  quantity  causes  them 
to  deliquesce  with  the  alcohol  into  a fluid  layer, 'the  oil  floating  on  the  top,  and  appear- 
ing diminished  in  volume  in  proportion  to  the  (quantity  of  alcohol  present — 4.  Potas^ 
dum  oxidises  in  the  alcoholised  oil,  with  evolution  of  gas;  and  the  more  quickly  as  the 
proportion  of  alcohol  is  greater.  Twelve  drops  of  the  oil  are  poured  into  a watch-glass, 
and  a piece  of  potassium  us  large  as  a pin's  head  is  introduced.  If  the  potissium  re- 
mains unaltered  for  12  to  16  minutes,  Inc  oil  is  pure,  oral  least  does  not  contain  more 
than  4 per  cent,  alcohol ; if  it  disappears  in  le.ss  than  a minute,  the  oil  contains  25  per 
Cfnt  alcohol  or  more. — 6.  A pure  volatile  oil  agitated  with  an  equal  volume  of  olive^ 
til  yields  a clear  mixture ; whereas  that  which  contains  alcohol  forms  a turbid  mixture 
the  alcohol  being  separated.  (Rigbini,  J.  chim.  m^d.  xx.  351.) 

III.  Adulterations  of  expensive  Oils  with  Oil  of  Turpentine. — 1.  The  presence  of  this 
adulteration  may  be  detected  by  the  smell,  especially  on  rubbing  the  oil  between  the 
hand^  or  after  setting  it  on  fire  and  then  blowing  it  out, — 2.  Since  oil  of  turpentine  is 
less  soluble  in  hydrat^  alcohol  than  many  other  oils,  the  suspected  oil  may  be  agitated 
with  its  own  bulk  of  80  per  cent,  alcohol ; if  oil  of  turpentine,  anise,  or  fennel  bo  pre- 
sent, the  solution  is  incomplete. — 3.  Oil  of  turpentine  mixes  much  less  e;usily  with  ^cd 
oiU,  than  the  oils  of  marjoram,  lavender,  voderiun,  sage.  pepj)erraiDt,  or  wormwood. 
If,  therefore,  3 grms.  of  the  suspected  oil  be  agitated  with  3 grras.  of  poppy  oil,  and 
the  mixture  remains  turbid,  we  may  conclude  that  the  oil  is  not  mixed  with  turpentine; 
for  even  a small  quantity  of  the  latter  would  render  the  mixture  clear.  This  method 
is  not  applicable  to  the  oils  of  thyme  and  rosemary  (Mero,  J.  chim.  m6J.  xxi.  93). — 
4.  Many  volatile  oils  dissolve  the  colouring  matter  of  sandal-u>ood,  but  oil  of  turpentine 
does  not ; the  presence  of  the  latter  will,  therefore,  diminish  the  solvent  power  of  tho 
other  oil  (V oget,  Ann.  Phnrra.  vi.  42). — 5.  Oil  of  turpentine  becomes  strongly  heated 
»nd  detonates  by  contact  with  iodine ; many  other  oils  do  not ; but  if  the  latter  are 
mixed  with  only  a small  quantity  of  oil  of  turpentine,  they  likewise  detonate  by  contact 
with  iodine.  (T  u c b e n. ) 

OXSAHXTB.  An  old  name  for  Anatuse,  from  Oisans  in  Dauphiny. 

OSLEsriTS.  Dysdaxite.^A.  hydrated  silicate  of  calcium,  occurring  in  the  Farod 
Islands,  Iceland,  and  Greenlantl,  sometimes  in  pri.smatic  crystals,  prol^ably  trimetric 
and  having  the  angln  ooP  : ooP  s 122®  19',  but  more  generally  massive  and  fibrous. 
Hardness  * 4*6  to  5.  Specific  gravity  =2'362  (Connell) ; 2 28  (Kobell).  White, 
with  a shade  of  yellow  or  blue,  and  a pearly  lustre.  Often  opalescent,  subtransparent 
to  sabtranslucent  Very  tough.  Amalysis  1 is  by  v.  Hauer;  2 by  Kob ell  (/Pam- 
mrMcry’a  Miner alchemie,  p.  604): 

SIO*.  Fe«0\  CaSQ.  Na^O.  K^O.  11=0. 

1.  DUcoe  Island,  Greenland  54-81  . . 27  23  . . . . 18  04  = 100  08 

2.  Faroe  . . . . 67  69  0 54  26  83  0 44  0 23  1471  = 100  44 

These  analyses  lead  to  the  formula  Ca'0.2Si0®. 2U*0  or  perhaps  Cca"ir-Si*0“.H'0, 

which  is  that  of  a hydrated  mehisilicale. 

OliBAMIPE.  C'"U**NO  « N.H-.C‘“n’'0.— Produced  b^  the  action  of  alcoholic 
ammonia  on  oil  of  almonds  (Rowney,  Ed.  Phil.  Trans,  xxi.  pt  2;  Chem.  Soc.  Qu. 
J.  vii.  200),  or  oil  of  hazel-nuts  (Carlet,  Bull.  Soo.  Chim.  1869,  p.  73),  and  purified 
by  pressure  and  recrystallisation  from  alcohol.  It  forms  crystalline  nodules ; begins 
to  melt  at  79®,  becomes  perfectly  fluid  at  81®,  and  solidifies  to  a semi-transparent  mass 
ftt  78®  (Rowney);  at  76®  to  a highly  crystalline  mass  (Carlet).  It  is  insoluble  in 
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waier^  but  dusolTOS  easily  in  warm  alcoftol;  becomes  yellow  and  rancid  when  exposed 
to  the  air;  and  is  decomposed  by  heating  in  a sealed  tube  with  alcoholic  jxitask, 
yielding  oleate  of  potassium  (Carlet).  It  is  also  decomposed  by  fusion  with  hydrate 
of  potassium,  not  by  boiling  with  aqueous  potash.  (Rowney.) 

The  conversion  of  oils  and  fats  into  amides  by  the  action  of  ammonia  was  first 
noticed  in  1844  by  Boullay  (J.  Phann.  v.  329),  who  however  did  not  obtain  them 
pure,  and  regarded  the  products  obtained  from  different  oils  as  one  and  the  same 
amide,  which  he  called  margaramidc. 

Eiaidamids,  isomeric  with  oleamide,  is  obtained  by  enclosing  1 vol.  elai'din 
(prepared  from  almond-oU  with  nitrous  acid)  with  4 vol.  aqueous  ammonia  and  2 vol. 
alcohol.  It  forms  colourless  shining  needles  which  melt  partially  at  92^  and  com- 
pletely at  94°,  the  liquid  solidifying  to  an  opaque  mass  at  91°.  (Rowney.) 

O&ZUBKIm  Syn.  with  yoxTLEXK. 

OltSFXAirr  GAS.  Syn.  with  £thti.ene. 

OXtSFXSrSB.  Hydrocarbons,  OH*”,  homologous  with  ethylene;  so  called  from 
their  property  of  forming  oily  compounds  with  bromine  and  chlorine,  like  Dutch  liquid 
(sec  IlTDKocAnBoxs,  iii.  187). 

plITTtSA) 

O&EXC  ACZSt  C‘*H*^0*  *a  >0,  Chevreul,  .ffrtrAcrcAcs  sur  let  corpt 

grot,  p.  205. — Varrontrapp,  Ann.  Ch.  Pharm.  xxxv.  196. — Ousserow,  Kastner's 
Archiv.  f.  Chom.  u.  Meteorol.  i.  73. — Laurent,  Ann.  Ch.  Phys.  Ixv.  149. — Gottlieb, 
Ann.  Ch.  Phurm.  Ivii.  40. — Heintz,  Pogg.  Ann.  Uxxiil  555;  Ixxxix.  683;  xc.  143.— 
Herthelot,  Ann.  Ch.  Phys.  [3]  xli.  243. — The  liquid  acid  obtained  by  the  sa{K>nb 
fication  of  non-drying  oils  and  solid  fats.  Under  the  iufiueuco  of  nitrous  acid,  it  is 
transformed  into  a solid  modification  called  eiaidic  acid. 

Preparation.  In  the  manufacture  of  stearin-candles,  oleic  acid  is  obtaine<l  by 
treating  with  dilate  sulphuric  acid  the  lime-soap  obtained  by  the  ai'tion  of  lime  u|x>n 
tallow.  The  fatty  acids  resulting  from  the  decomposition  arc  waslicd  with  hot  water, 
and  solidify  in  mass  on  cooling : and  this  mass  when  subject«*d  to  pn*ssurc.  yields  a 
liquid  rich  in  oleic  acid,  but  still  n taining  a considerable  quantity  of  stearic  acid. 
After  remaining  for  some  time  in  a cold  place,  it  deposits  a quantity  of  solid  matter, 
and  the  liquid  decanted  from  this  is  sent  into  the  market  ns  oltic  acid.  It  is  an 
impure  acid  containing,  besides  stearic  acid,  a certain  quantity  of  oxy-oleic  acid  pro- 
duced by  the  oxidising  action  of  the  air. 

To  obtain  pure  oleic  acid,  olive  or  almond  oil  is  saponified  with  potash;  the  soap  is 
decomposed  by  tartaric  acid;  and  the  separated  fatty  acid,  after  being  washed,  is 
heatid  for  some  hours  in  the  water-bath,  with  half  its  weight  of  oxide  of  lead  pre- 
viously reduced  to  fine  powder.  The  mixture  is  then  well  shaken  up  with  about  twice 
its  bulk  of  ether,  which  dissolves  the  oleate  of  lead  and  leaves  the  stearate  ; tlie  liquid 
after  standing  for  some  time  is  decanted  and  mixed  witli  Jiydrocliloric  acid ; the  oleic 
ocid  thereby  eliminatoil  di^-solvcs  in  the  ether,  and  the  ethereal  solution  which  rises  to 
the  surface  of  the  water  is  decanted,  mixed  with  water,  and  frcetl  from  ether  by  dis- 
tillation. The  residue  is  nearly  pure  oleic  acid,  containing  only  a small  quantity  of 
oxy-oleic  acid.  To  free  it  from  this  it  is  saturated  with  ammonia,  and  the  resulting 
soap  is  decorapose<i  by  chloride  of  barium,  whereby  a precipitate  of  oleate  and  oxy- 
oleate  of  barium  is  formed,  which  after  drying  is  treated  with  boiling  alcohol.  The 
solution  on  cooling  dejx>8il8  crystals  of  oleate  of  barium,  the  oxy-oleate  remaining 
in  solution  ; and  from  tliese  crystals  the  oleic  acid  may  be  separated  in  the  pure  st.vte 
by  means  of  tartaric  acid  dissolved  in  water  which  has  been  previously  freed  from  air 
by  boiling,  the  decomposition  and  the  subsequent  washing  being  carried  on  in  such  a 
mauner  as  to  protect  the  oleic  acid  from  the  action  of  the  air. 

The  mode  of  purification  just  described  may  be  applied  to  commercial  oleic  acid. 

Proprrtks. — Oleic  acid  crj'stjillises  from  alcoholic  solution  in  dazzling  white  needles, 
and  melts  at  14°  to  a colourless  oil,  which  solidifies  at  4°  to  a hard,  white,  crystalline 
inasH,  expanding  at  the  same  time  t«  such  an  extent  that  the  remaiuiug  liquid  is  ex- 
tended (Gottlieb).  f<pedfic  gravity  » 0 808  at  19°  (Che vreul).  The  acid  volatilisrs 
in  vacuo  without  decomposition  (ChevreuI,  Laurent).  It  is  tastob^ssund  inodorous, 
reacts  neutral  when  unaltered  (not  oxidised),  also  in  alcoholic  solution  (Gottlieb). 
It  contains,  according  to  the  mean  of  Gottlieb's  analyses,  76'34  pt*r  cent,  carbon,  and 
12T4  hyd^en,  the  formula  C'*H’*0*  requiring  76'59  C,  12  06  H,  and  1135  O. 

Oleic  acid  is  insoluble  in  ualrr,  very  soluble  in  alcohol^  and  dissolves  in  all  pro- 
portions in  ether.  Cold  strong  sulphuric  acid  dissolves  it  without  decomposition.  It 
dissolves  solid  fats,  stearic  acid,  palmitic  acid,  &c.  (ChevreuI),  and  is  dissolved  by 
bile,  with  formation  of  a soap,  and  strong  acid  reaction.  (Marcet,  Phil.  Mag.  [3] 
xvii.  145.) 
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D^frmpotition*. — Id  the  eolid  state  oleic  acid  oxidises  but  slowly  in  the  air;  but  in 
the  liquid  state  it  mpidly  absorbs  ox}m>D,  acquiros  a rancid  taste  and  sraell,  and  a 
(it^dMscid  reaction,  no  longer  crystallises  at  low  temperatures,  and  forms  with  liaryta 
a salt  rery  soluble  in  alcohol.  At  100^  it  alisorbs  oxygen  more  rapidly  than  at  ordinary 
temperatures,  and  gives  off  carbonic  anhydride,  (Gottlieb.) 

2.  Oleic  acid  is  decomposed  by  distillation,  yielding  sebacic  acid,  the  proportion  of 
which  is  greater  as  the  oleic  acid  is  more  nearly  pure;  the  other  products  of  the  de> 
eompoeition  are  capiylic,  caproic,  and  acetic  acids,  several  gaseous  hydrocarbons,  and 
earh^ic  anhydride.  The  formation  of  sebacic  acid  by  distillation  serves  to  distinguish 
oleic  acid  from  other  oily  acids.  (Varrent  rapp  ) 

3.  Oleic  acid  heated  with  hydrate  of  'potassium  gives  off  hydrogen,  and  forms  pal- 
mitale  and  acetate  of  potassium  (V  arrentrapp): 

+ 2KHO  « C'*H«*KO*  + C’H*KO»  + 

4.  Distilled  with  ono-fourth  its  weight  of  (^icklime,  it  yields  a neutral  unsapo- 
nifiaUe  liquid,  probably  oleone  (Hussy,  Ann.  Ch.  Pharm.  ix.  271).  When  10  pts.  of 
crude  oleic  acid  are  mixed  with  3 pts.  of  slaked  lime,  then  with  3 pts.  soda*Iime,  the 
maas  distilled,  and  the  distillate  collected  in  a cooh*d  receiver,  liquid  products  are 
obtained,  amounting  to  two*thirds  of  the  oleic  acid,  and  gases  are  given  off  consisting 
chiefly  of  ethylene,  tetrylene.  amylene,  and  olefines  of  higher  atomic  weight. 
(Berthelot,  Ann.  Ch.  Phys.  [3]  liii.  200.) 

li  Oleic  acid  distilled  with  sulphur  gives  off  sulphydric  acid,  and  yields  a red- 
brown  stinking  oil,  called  by  Anderson  sulphide  of  odmyl,  but  perhaps  consisting 
mainly  of  tetrylic  mercaptan  (p.  173). 

6.  Chlorine  and  bromine  in  presence  of  water,  convert  oleic  acid  into  dichloroleic 
inddibromoleic  acids  respectively:  iodine  excites  no  action  upon  it  (Lefort).  Bromine 
addnl  drop  by  drop  to  pure  crystallised  oleic  acid,  forms  tribromo-dioleic  acid.  (Burg, 

7.  Strong  sulphuric  acid  dissolves  oleic  acid,  forming  a solution  which  is  precipitated 
by  water : on  heating  the  liquid,  it  blackens  and  gives  off  sulphurous  anhydride. 
(Gottlieb.) 

8.  HUrous  acid  converts  oleic  acid  into  elaidic  acid,  a solid  body  isomeric 
with  it. 

Strung  nitric  acid  attacks  oleic  acid  with  violence,  giving  off  red  nitrous  vapours, 
and  producing  volatile  acids  of  the  series  riz,  ai’etic,  propionic,  butyric, 

valeno,  caproic,  oenanthylic,  caprylic,  pelargonic,  and  capric  acids ; and  fixed  acids  of  the 
^ries  OH5»-«0*,  viz.  suberic,  pmii  lic,  adipic,  lipic,  and  u/elaic  aoiils,  the  number  and 
proportion  of  these  pro<luct8  varying  with  the  duration  of  the  action. 

Oleic  acid  heat^'d  with  an  equal  weight  of  glycerin  yields  triolein;  with  excess  of 
Rljcerin,  monolci n.  Healed  with  glycerin,  and  hydrochloric,  tartaric,  phosphoric, 
or  sulphuric  acid,  it  yields  oleins  containing  also  the  radiclo  of  the  second  acid, 
(Berthelot.) 

Olxatm.  The  formula  of  the  neutral  olcatesis  or  accord- 

ing to  the  atomicity  of  the  metal : there  are  likewise  acid  uleates.  Tlie  neutral  oleates 
of  the  alkali-metals  are  soluble  in  water,  and  not  so  eomplettdy  prei'ipitated  from  their 
•ointiona  by  the  addition  of  another  soluble  salt,  as  the  stearates  and  palmitates.  The 
•cid  oleates  are  liquid  and  insoluble  in  water. 

The  oleates  disNoIve  in  cold  absolute  alcohol  and  in  ether,  a property  by  which  they 
be  distinguished  and  separated  from  the  stearates  and  palmitates. 

it  is  somewhat  difficult  to  prepare  the  oleates  in  a state  of  purity,  in  consc-quenoe  of 
the  rapidity  with  which  oleic  acid  oxidises  in  contact  with  the  air.  The  best  mode  of 
proceeding  is  to  decompose  oleate  of  barium  with  the  sulphate  of  the  base  which  is  to 
be  combined  with  the  oleic  acid.  The  two  salts  are  pounded  together,  and  digested 
in  a closed  flask  at  a gentle  heat  with  alrohol  of  specific  ^ivity  0 833.  Sulphate  of 
barium  is  then  formed,  and  the  oleate  of  the  other  base  dissolves  in  the  alcohol,  from 
»hich  it  may  be  freed  by  distillation  in  a current  of  hydrogen. 

OUateof  Ammonium  is  gelatinous  and  soluble  in  water.  It  may  be  produced 
by  digesting  oleic  acid  in  the  cold  with  a<]ueou8  aimnonia. 

Oltate  of  Barium^  C'"H”BaO*  or  C"II'“Bl)a‘'0\  the  preparation  of  which  has 
•Iready  been  de.scribed  (p.  192),  is  crystalline  and  infusible  at  100'^  when  pure,  but 
^hen  altered  by  contact  with  the  air,  it  melts  Im  Iow  100®. 

U dissolves  in  warm  dilute  alcohol,  and  the  solution  on  cooling  deposits  flocks  con- 
ri"tiniE.  oecor<ling  to  Gossmann  (Ann.  Ch.  Pharm.  Ixxxvi.  322),  of  an  acid  salt 
C**H«BaO*  or  (?•H«Bba"0^2C'•H«0*. 

The  oleates  of  calcium  and  strontium  closely  resemble  the  neutral  barium  salt. 

Ohate  of  Chromium  is  amorphous  and  violet  coloured.— 0/ra^c  of  cobalt  is 
VoL.  IV.  0 
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bluish  and  pulvcrnlent.^O^Mf^  of  copper  is  a green  precipitate  extremclj  fosible,  per* 
fectly  flnid  at  100^. 

Oleate  of  Cobalt.  Oleate  of  potaasium  added  to  a hot  solution  of  sulphate  of 
cobalt,  forms  first  a bluish*green,  wen  a green  precipitate,  which  settles  down  xerj 
slowly.  (Chevreul.) 

Oleate  of  Copper.  By  precipitating  cupric  sulphate  with  oleate  of  potaseiumorby 
warming  oleic  acid  with  cupric  oxide,  a salt  of  fine  green  colour  is  obtained,  which 
becomes  quite  fluid  at  100*^  (Chevreul).  It  dissolves  in  all  proportions  in  alcohol 
with  bluish-green  colour;  wi^  a small  quantity  of  alcohol,  it  forms  an  oil.  (Unver- 
dorben.) 

Oleatee  of  Lead.  The  neutral  sa//,  C'*H”PbO*  or  C**TI”Ppb"0*,  is  prepared  by 
dissolving;  oleic  acid  in  absolute  alcohol,  adding  an  excess  of  dry  carbonate  of  so<iium 
and  heating  gently,  so  that  the  vapour  of  the  alcohol  may  expel  the  air  from  the  flask. 
As  soon  as  the  liquid  exhibits  an  alkaline  reaction,  it  must  be  nipidly  filtered,  slightly 
diluted  with  water,  and  left  to  cool  with  the  vessel  covered ; then  precipitated  with 
nentral  acetate  of  lead,  again  quickly  filtered,  and  the  precipitate  of  oleate  of  lead 
washed  in  a cool  place.  After  drying  in  a vacuum,  it  forms  a light  white  powder,  which 
molts  at  80®  to  a yellow  liquid.  It  dissolves  very  slowly  in  cold  ether,  out  quickly  in 
boiling  ether  if  well  stirred.  It  is  likewise  soluble  in  oil  of  turpentine  and  in  rock>oil, 
the  solution  saturated  while  hot  solidifying  in  a gelatinous  mass  on  cooling. — When 
altered  by  contact  with  the  air,  it  becomes  gelatinous.  (Gottlieb.) 

A haeic  oleate  of  lead,  C*‘H**Ppb’'0*.Ppb"0,  is  obtained  by  boiling  oleic  acid  with 
excess  of  basic  acetate  of  lead.  It  is  soil  at  20®  and  liquid  at  100®.  (Chevreul.) 

Oleate  of  Magnesium^  C'“H**MgO*  or  C*‘II**Mmg"0*,  is  granular,  soft  and 
diaphanous.  (C  h e vre  uL) 

Oleates  of  Mercury.  The  mercuric  salt  is  precipitated  in  white  flock^  which 
become  greasy  when  washed,  and  dry  up  to  a solid  mass ; it  dissolves  sparingly  in 
cold  alcohol,  more  easily  in  hot  alcohol  and  in  ether  (Harff,  N.  Br.  Arch.  v.  306). — 
The  Tnercurous  $alt^  C'*fl”Hhg'0’,  forms  greyish-white  flocks,  becoming  bluish  when 
dry.  Insoluble  in  water  and  in  cold  alcohol,  soluble  in  hot  alcohol,  and  in  ether 
whether  hot  or  cold.  Forms  with  ammonia  a black  powder  containing  ammonia. 
(Harff.) 

Oleate  of  Hickel  is  a green iah-yellow  precipitate  which  settles  down  slowly. 
(Chevreul.) 

Oleatee  of  Potassium,  The  neutral  salt,  C'*H”KO-,  obtained  by  heating  equal 
parts  of  potash  and  oleic  acid  with  a small  quantity  of  water,  forms  a gelatinou.s  mass 
which  may  be  purified  by  dissolving  it  in  alcohol.  The  solution  evaporated  to  diyness 
leaves  a white  friable  odourless  salt,  which  deliquesces  in  moist  air,  di>«solves  com- 
pletely in  4 pts.  of  water,  forming  a viscid  liquid;  a larger  quantity  of  water  decom- 
poses it,  separating  a gelatinous  mass  of  the  acid  salt.  It  is  decomposed  by  acids, 
even  by  car)>onic  acid,  when  a stream  of  the  latter  is  passed  through  the  aqueous 
solution  cooled  to  6®.  Acid  oleate  of  potassiu7n  is  insoluble  in  water,  but  soluble  in 
alcohol  even  in  the  cold ; the  solution  has  an  acid  reaction. 

Oleate  of  Silver.  Produced  by  doable  decomposition,  but  reduces  almost  os 
soon  as  formed. 

Oleate  of  Sodium^  C’*H**KaO*,  is  obtained  like  the  neutral  potassium-salt.  Ac- 
cording to  Varrentrapp,  it  crystallises  when  its  solution  in  boiling  absolute  alcohol  is  left 
at  rest.  It  dissolves  in  10  or  12  parts  of  water,  but  is  not  deliquescent  By  contact 
with  the  air  it  becomes  gelatinous. 

Oleate  of  Zinc.  White  powder  melting  below  100®.  (Chevreul.) 

Chlorine^  and  Bromine^derivatives  of  Oleic  acid. 

1.  Bichloroleic  acid,  C’*H**CPO*.— Obtained  by  the  action  of  chlorine  on  oleic 
acid  in  presence  of  water.  Brown  oil  of  specific  gravity  1-082  at  8®,  more  viscid  than 
oleic  acid.  Reddens  litmus.  Boils  at  190®.  (Lefort,  J.  Pharm.  [3]  xxiv.  113.) 

2.  Dibromoleic  acid,  C**H**Br*0*. — Obtained  in  like  manner.  Brown  oil  of 
specific  gravity  1272  at  7‘6°.  Reddens  litmus.  Boils  at  200®.  (Lefort) 

3.  Tribromo-dioleic  acid,Q^VL^'Bi*0*.  Producedbyaddingbrominedropbydrop 
to  pure  crystallised  oleic  acid.  Viscid  liquid  haring  an  agreeable  odour,  soluble  in 
alcohol  and  ether,  decomposible  at  170®.  It  is  monobasic  and  forms  uncrystallisable 
salts.  The  barium-salt  is  a pitchy  mass  soluble  in  ether,  insoluble  in  alcohoL  The 
acid  treated  with  moist  silver-oxide  yields  oxy-oleic  acid,  in  the  form  of  a viscid 
liquid  having  a randd  odour  and  solidifying  after  some  time.  It  is  monobasic,  and 
forma  a gummy,  deliquescent  barium-salt  (Burg,  J.  pr.  Chem.  xedii.  227.) 
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AcuU  related  to  Oleic  acid, 

a.  Htsboleic  and  Mbtolsic  Acids. — When  sulpholcic  acid  (produced  by  the 
tfrtioQ  of  sulphuric  acid  upon  olein  at  low  temperatures)  is  left  to  itself  in  the  cold,  it 
>ield*an  oily  acid  called  by  Fr^ray,  meta-cUic  acid.  It  is  insoluble  in  water,  very 
fpanogly  soluble  in  alcohol,  very  soluble  in  ether.  It  gave  by  analysis  75*7  per  cent, 
carbon,  and  11*9  hydrogen. 

H^roleic  acid  is  obtained,  according  to  Fr^my,  by  boiling  the  sulpholeic  acid 
after  all  the  meta-oleic  acid  has  been  deposited,  it  is  oil^,  insoluble  in  water,  very 
eolnble  in  alcohol  and  ether,  and  contains,  according  to  Fremy,  72  9 — 73  3 per  cent 
carbon,  and  11*8 — 119  hydrogen.  Both  these  acids  are  decomposed  by  dry  distillation, 
vieldiog  carbonic  anhydride  and  oily  hydrocarl)on8  homologous  with  ethylene,  viz. 
heiylene  and  nonylene. — (Fr^my,  Ann.  Ch.  Phys.  Izv.  128).  The  composition,  and 
ind^  the  existence  of  these  acids,  is  very  doubtful. 

B.  Elaidic  Acid,  the  solid  fatty  acid  isomeric  with  oleic  acid,  produced  by  the 
settoD  of  nitrous  acid  on  the  Iatt<T,  and  Linolbic  Acid,  the  fatty  acid  of  drying  oils, 
bare  been  already  described  (ii.  368  ; iii.  70U). 

OZtSXC  SXSBSB.  Oi.RATE  of  Ethtl  or  Oleic  Ether,  C“H*0*  = C'*H“(C*n*)0*. 
Hbaurent,  Ann.  Ch.  Phys.  xxxv.  298.  Varrentrapp,  Ann.  Ch.  Pharm.  xxxv. 
206.)— This  ether  is  obtainra  by  passing  dry  hydrochloric  acid  gas  into  a solution  of 
oleic  acid  in  about  three  times  its  volume  of  alcohol.  Etherification  takes  place  in  a 
few  minutes,  and  the  ether  separates  from  the  liquid.  It  may  also  be  prepared  by 
tnating  oleic  acid  with  a mixture  of  alcohol  and  sulphuric  acid. 

Oleic  ether  is  a colourless  liquid  of  specific  gravity  0 87  at  18® ; soluble  in  alcohol 
and  decomposible  by  distillation.  Mercuric  nitrate  transforms  it  in  24  hours  into 
elaidic  ether  (ii.  380). 

Oleatf  of  Msthtl,  C'*H**0*  =•  C'"II**(CH*)0*,  obtained  in  like  manner,  is  an 
oflv  liquid  of  specific  gravity  0 879  at  18®;  it  is  converted  by  mercuric  nitrate  into 
eludate  of  metbyL 

OixATES  OF  Glycbbtl.  Oleiks. — Three  of  these  compounds  have  been  obtaimd  by 
heating  oleic  acid  with  glycerin  in  sealed  tubes,  viz. ; 

Monolein  ....  « 

Biolein  .....  C*H”0*  ™ 

Triolein  . ...  C”U'«0*  - 

They  result,  like  other  glycerides,  from  the  union  of  the 
riimination  of  the  elements  of  water. 

Monolein,  - C'*H>*0*  + C>HK)*  - is  an  oily  liquid  which  soli- 

difip#  at  about  16°.  Specific  p^vity  4*947.  (Analysis  71*4  p«*r  cent.  C and  ll'5t5  H; 
€ale.  70  8 C and  11*3  H). — It  is  very  slowly  saponifiKl  by  oxide  of  lead  Alcohol  oml 
•cetieacid  do  not  decompose  it  at  100®,  a property  which  it  shares  with  natural  olein. 
Iq  the  barometric  vacuum  it  volatilises  without  decomposition. 

It  may  be  produced  by  beating  glycerin  and  pure  oleic  acid  to  200®  in  a sealed  tube 
for  18  hoars,  or  a mixture  of  oleate  of  ethyl,  glycerin,  and  hydrochloric  acid  to  100*^. 

Diolein,  C*II«0‘  = 2C>*H«0*  + - 211^0,  is  obtained  by  heating 

aatural  olein  (triolein)  with  glycerin  to  100°  for  22  hours. — Its  specific  gravity  is  8*921 

21°.  It  begins  to  crystallise  at  about  16°.  It  gave  by  analysis  73  6 per  cent.  C 
and  11-96  H (calc.  76*2  C and  12*1  H,  from  the  formula 

Frio^in,  « 3C'*H”0*  + C>H*0*  - 3H’0,  is  obtainpd  by  heating  to 

200®  a mixture  of  equal  weights  of  oleic  acid  and  glycerin,  decanting  the  layer  of  fatty 
Blatter  after  the  reaction  is  finishe<l,  mixing  it  with  15  to  20  times  its  weight  of  oleic 
arid,  and  heating  again  to  240®  for  four  hours.  The  neutral  matter  is  extracted  with 
lime  and  ether,  the  solution  is  treated  with  animal  chan'oal,  then  concentrated  and  mixed 
^th  8 or  10  times  its  volume  of  common  alcohol,  and  the  triolein  thereby  precipitated 
i*  collected  on  a filter  and  dried  in  vacuo. 

Triolein  is  liquid  at  100®.  In  contact  with  the  air,  it  gradually  turns  acid.  It  is 

• Th«rnrmnl«  migfnallr  aulgned  ttjr  Bertholot  tn  ••tmeonhe  plrcerldc*  eonlalnlrg  tat. of  the 
wid  radicle,  were  founded  on  the  luppodtion  that  the  formation  of  these  diacid  compound*  wh»  attended 
»ilb  the  eliminatloo  of  only  one  I at.  H*0 ; but  aa  inch  a mode  of  formation  ii  not  cmiiUlent  with  Hut 
of  the  other  elycertdei.  or  indeed  of  compound  ether*  in  general,  and  aa  moreorer  It  I*  *eiy  fllRIrult  to 
the  dUrld  flyceridei  puic.  It  la  more  probable  that  In  the  formation  of  the»e  diacid  glyceride* 
tat.  H»o  arc  eUmlnatcd. 

o 2 
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slowly  saponified  by  oxide  of  lead.  Analysis  77*6 — 77*2  percent.  C and  12*2 — 11*6 
H;  calc.  77  4 C and  U B H.  » 

Theolein  of  animal  fatsand  non-drying  oils  (dr^ng  oils  contain  a different  glyceride) 
appears  to  be  identical  with  triolein.  Its  composition  has  not|  however,  been  exactly 
determined,  for  there  is  great  difficulty  in  obtaining  it  pure. 

Chevroul  prepared  it  by  boiling  human  fat,  hc^’s-lar^  goose-fat,  or  beef  or  mutton 
snet  in  a flask,  filtering  the  solution  after  leaving  it  to  stand  for  24  hours,  concentrat- 
ing B little  by  evaporation,  adding  water  which  separates  the  olein,  then  exposing  the 
pr^uct  to  cold,  and  separating  the  liquid  from  the  solid  portion  by  pressure.  In  this 
manner  olein  is  obtained  which  does  not  solidify  at  0^  C. 

Olein  may  also  be  prepared  from  olive  oil  and  other  glycerides  containing  it,  by 
pouring  upon  the  fat  a cold  strong  solution  of  caustic  soda,  which  saponbRes  the 
stearin  and  the  other  solid  fats,  but  nut  theolein.  The  mixture  is  agitated  and  gently 
heated  to  separate  the  olein  from  the  stearin  soap ; the  liquid  is  filtered  through  cloth, 
and  the  olein  separated  by  decantation  from  the  alkaline-ley.  This  process  succeeds 
with  all  oils,  excepting  those  which  have  become  rancid,  or  have  been  altered  by  heat. 
(PAclet,  Ann.  Ch.  Phys.  iiii.  330.) 

A less  pure  product  is  obtained  by  treating  oil  of  olive  or  sweet  almonds  with  cold 
alcohol,  and  evaporating  the  solution. 

The  properties  of  olein  differ  somewhat  according  to  the  nature  of  the  fat  from 
which  it  is  extracted,  and  the  mode  of  preparation,  but  when  properly  prepared,  it 
is  colourless,  void  of  taste  and  smell,  insoluble  in  water,  veiy'  soluble  in  absolute  alcohol 
and  in  ether,  and  of  a density  Ix'tween  0 90  and  0-02.  It  bums  with  a very  bright 
flame.  When  saponified  with  potatth,  it  yields  glycerin  and  oleate  of  potassium. 

By  dry  distillation  it  yields  gaseous  pt^ucts,  liquid  hydrocarbons,  sebacic  acid,  and 
acrolein.  This  reaction  afford  the  means  of  detecting  olein  in  fats;  for,  if  the 
product  of  the  distillation  W treated  with  boiling  water,  a solution  is  obtained  which 
on  cooling  yields  small  needles  of  sebacic  acid.  Olein  oxidises  in  the  at>,  yielding 
the  same  products  as  oleic  acid.  Under  the  influence  of  strong  tu/pAuric  netd,  it  is 
resolved  into  sulpholcic  and  sulphoglyceriff  acids.  Hitrotu  ocitf  converts  it 
into  the  isomeric  solid  compound  elaidin  (ii.  380) ; this  property  distinguishes  olein 
from  the  liquid  fat  of  non-diying  oils. 

Chlorine  and  bromine  act  upon  olein,  producing  substitution-products. 

Olkxtb  of  Maxhittl.  ManniU  oUique,  » (C'*ll“0)* >0*.  (Berthe- 

H*  ) 

lot,  Ann.  Ch.  Phys.  [3]  xlvii.  326). — Obtained  by  heating  oleic  acid  with  mannite  to 
120^  in  a sealed  tube,  saturating  the  superficial  fatty  layer  with  lime,  exhausting  with 
ether  (which  also  takes  up  calcic  oleate,  but  dep<»its  it  on  boiling  in  racuo)  and  evapo- 
rating. It  is  a nearly  colourless,  neutral,  waxy  mass  which  becomes  soft  and  tenacious 
at  a gentle  heat  and  then  melts  to  a yellowish  liquid.  By  beating  with  potash  it  is 
resolved  into  oleic  acid  and  maunitan. 

OXiBZir.  See  Oi.Eic  Bthebs. 

0X»B01f8«  Oleic  acid  distilled  with  lime  yields  an  oily  liquid  regarded  by  Bossy 
(p.  193)  as  the  acetone  of  oleic  acid;  it  has  not,  however,  Wn  obtained  pure.  V’ohl 
(bingl.  poL  J.  cxlvii.  304)  applies  the  name  oleone  to  an  illuminating  material 
of  similar  nature  obtained  by  precipitating  the  waste-liquor  of  soap-works  with 
chloride  of  calcium,  and  distilling  the  resulting  calcium-salts  of  fatty  acids  with 
quicklime. 

0&B0PB08PB0KZ0  ACZD«  A phosphoretted  fatty  acid  contained  in  the 
brain. — When  the  etlureal  extract  of  brain,  prepared  as  described  under  Cxrebrix 
(i.  830),  is  treated  with  ether  to  separate  ccrebrin,  the  ether  takes  up  oloophosphoric 
acid,  often  combined  with  soda,  and  mixed  with  olein  and  cholesterin.  The  ethereal 
solution  is  evapon»tt»*I ; the  soda  is  extracted  by  an  acid ; the  residue  is  dissolved 
in  boiling  alcohol ; and  the  solution  is  left  to  cool,  the  oK'opliosphoric  acid  being  then 
deposited  The  olein  and  cholesterin  still  mixed  with  it  may  be  removed,  though 
not  completely,  by  absolute  alcohol.  Oleophosphoric  acid  thus  obtained  is  gummy, 
generally  yellow,  and  contains  from  1*9  to  2*0  per  cent  phosphorus.  When  burnt  m 
contact  with  the  air,  it  leaves  a carbonaceous  mass  containing  phosphoric  acid.  By 
long  boiling  with  water  or  alcohol,  more  quickly  with  acidulat(«d  water,  it  gradually 
loses  its  viscosity,  and  is  converted  into  perfectly  pure  olein,  while  the  lower  stratum 
of  liquid  is  rendered  strongly  add  by  the  phosphoric  acid  produced.  The  same  de- 
composition takes  place  very  slowly  at  ordinary  temperatures ; also  at  the  commencement 
of  putrefaction  of  the  brain.  Fuming  nitric  acid  decomposes  oleophosphoric  acid  into 
phosphoric  acid  and  a fatty  acid.  AUialis  in  excess  form  a phosphate,  an  oleate,  and 
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glrcerin.  Tb«  acid  ia  iosolable  in  water,  but  swells  up  slightly  in  boiling  water. 
With  ammonia,  potash,  aud  soda,  it  immediately  forms  soapy  compounds ; with  the 
other  bases,  insoluble  salts.  It  is  insoluble  in  cold  absolute  alcohol,  easily  soluble  in 
boiling  alcohol  and  in  ether  (Fr4my,  Ann.  Cb.  Pbys.  [3]  ii.  474).  The  muscles  of 
Tertebrate  animals,  shaken  up  with  cold  weak  alcohol,  yield  to  that  liquid  a viscid, 
•mberms-eolourt'd  substance,  which  dissolves  but  imperfectly  in  water,  and  when 
treated  with  sulphuric  acid,  is  resolved  into  sulphate  of  sodium  and  oleophosphoric 
acid.  Oleophosphate  of  sodium  occurs  in  almost  all  parts  of  the  animal  body,  its 
quantity  increasing  with  the  age  of  the  animal,  and  differing  in  amount  in  diffenmt 
species  of  vertebrate  animals.  Fishes  with  white  light  flesh  (such  os  the  whiting, 
sole,  and  plaice)  contain  but  small  quantities  of  it,  whereas  larger  quantities  are  found 
in  the  herring,  salmon,  mackerel,  salmon  trout,  and  other  Ashes  with  Ann  flesh. 
(Valenciennes  and  Fr^my,  Ann.  Ch.  Phys.  [3]  L 172.) 

The  yolk  of  the  eggs  of  cartilaginous  Ashes  contains  a fat  which  is  soluble  in  alcohol 
and  ether,  forms  a ^ra  with  water,  and  resembles  oleophosphoric  acid.  Phosphoretted 
fats  are  also  found  Mth  in  the  slightly  developed  and  in  the  ripe  eggs  of  cartilaginous 
Ashes.  (Valenciennes  and  Fr^my.) 

OXiEUM  AlTIMEAliB  SZpraZiZZ.  See  Boxs-oil  (i.  625)  and  Dippan's  Oin 
(ii.  336). 

0&S17M  JBCOBX8  A8B:lU«  Cod-liver  oil.  UuiU  de  foie  de  morxu,  Leber- 
tkran  StockJisch-thran.^'Xh.x^  oil  is  obtained  from  the  livers  of  various  species  of 
Gadue.  The  oil  recognised  by  the  London  phamiacopceia  is  that  obtained  from 
the  common  cod  {Gadus  Morrhua,  formerly  called  Aeelltu  major),  and  the  ling  {G. 
Molta  or  Lota  Mvlm):  it  is  received  from  Newfoundland.  England  was  formerly 
supplied  with  the  oil  from  Bergen,  obtained  from  the  livers  of  the  dorse  ( Gadue  eel/ariue) 
and  coabflsh  (6\  carbonariue).  From  this  source  Germany  and  the  North  of  Europe 
still  receive  their  supply.  Coddirer  oil  is  prepared  on  a small  scale  in  the  i^hetland 
isles  and  on  the  English  coast,  chiefly  from  the  common  cod,  the  ling  and  the  burbot 
(7>oto  ru/ffaris).  (Pereira' s Materia  Mcdica,  4th  ed.  1857.  ii.  [2]  779.) 

When  the  livers  of  the  fishes  are  exposed  to  the  sun,  light-coloured  oil  flows  out  at 
first,  but  after  a week  or  a fortnight,  patrefaction  sets  in  and  brown  oil  is  obtained. 
(Marder.) 

a.  Brown  Cod-liver  oil.  Dark  brown,  greenish  by  transmitted  light,  transparent  in 
thin  layers.  Specific  j^vity  0*929  at  17*5®  (De  J ongh),  0*928  at  16*6°  (Marder) ; 
baa  a peculiar  odour,  disagreeably  empyreumatic  and  bitter,  produces  irritation  in  the 
throat  and  reddens  litmus  slightly  (De  Jongh).  Does  not  deposit  any  solid  fat  at 
— 13®  (Marder).  Soluble  in  17  to  20  pts.  cold  or  hot  absolute  alcohol  (De  Jongh). 
Dissolves  at  71®  in  I pt.  alcohol  of  0*846,  forming  a solution  which  becomes  turbid  at 
62®  and  deposits  the  oil  at  48®.  (Marder.) 

b.  Paler  brown.  Of  the  colour  of  Malaga  wine.  Specific  gravity  0*924 ; has  a 
peculiar,  not  unpleasant  odour,  fishy  taste,  producing  irritation  in  the  throat,  and 
reddens  litmus  strongly.  Soluble  in  31  to  36  pts.  of  cold  aud  13  pts.  of  boiling 
absolute  alcohol.  (De  Jongh.) 

c.  Paler  and  charer.  Of  golden  yellow  colour:  specific  gravity  0*923  at  17*6® 
(De  Jongh),  0 928  at  16*6  (Marder),  reacts  and  ta.««te8  like  5,  but  less  strongly. 
Dep^its  a white  fat  at  — 13®  (Marder).  Soluble  in  40  pts.  cold  and  in  22  to  30  pts. 
boiling  absolute  alcohol  (Do  Jongh).  Oil  of  haddock’s  liver  has  a specific  gravity 
of  0*9313  at  11®.  (.Scharling.) 

Cod'liver  oil  consists  chiefly  of  olein  and  margarin,  with  smaller  quantities  of  fiee 
butyric  acid,  acetic  acid,  constituents  of  the  bile,  gaduin,  and  other  peculiar  substances, 
about  1 per  cent  of  salts,  and  a small  quantity  of  free  pbo^borus  (De  Jongh).  It 
contains  iodiue,  bromine,  and  sulphur.  As  volatile  acids,  Wagner  found  butyric  and 
cupric  acids;  from  turbid  cod^liver  oil  Luck’s  gadinic  acid  (ii.  766)  was  deposited. 
See  analyses  of  cod-liver  oil  by  Marder  (N.  Br.  Arch.  xiii.  163);  De  Jongh 
(Add.  Pharm.  zlviii.  362);  Riegcl  (N.  Br.  Ajch.  Ixz.  23);  for  VTinckler’s  views 
respecting  the  oil,  see  J.  pr.  Pharm.  xxv.  140. 

When  a mixture  of  cod-liver  oil  and  strong  sulphuric  acid  is  heated  with  an  alkali, 
a pungent  odour  is  evolved,  like  that  of  oil  of  rue;  and  on  distilling  the  mixture  with 
water,  a small  quantity  of  yellowish  oil  is  collected,  having  the  same  odour,  lighter 
than  water,  and  boiling  at  100®. 

Cod-liver  oil  treated  with  alcoholic  ammonia,  forms  a large  quantity  of  amide, 
melting  at  80®  (Carlot).  Kowney  obtained  a small  quantity  of  amide  melting  at 
93®,  U-coraing  solid  and  transparent  at  94®,  containing  on  the  average  76*69  per  cent* 
carbon,  12*99  hydrogen  and  4*35  nitrogen,  and  easily  soluble  in  alcohol. 

Cod-liver  oil  is  much  used  in  medicine.  It  has  long  been  a popular  remedy  for 
rheumatism  and  some  other  complaintn,  but  its  use  by  medical  practitioners  is  of  com* 
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paratively  recent  date.  It  is  chiedy  prescribed  in  cases  of  rheumatism,  scrofula, 
chronic  gout,  skin  affections,  phthisis  and  mesenteric  emaciation.  Its  etScacj  may 
perhaps  be  due  to  the  bromine  and  iodine  contained  in  it,  though  it  has  often  been 
doubtt'd  whether  it  p<^«sesses  any  virtues  beyond  those  of  the  fat  oils  in  general. 

For  further  details  respecting  the  composition,  properties  and  uses  of  cod-liver  oil, 
see  De  Jongh  {VhuUe  at  foie  dt  morttt  cnoUagh  sous  tous  Its  rapports  comme  >nop>/n 
thira/Ktitiqurf  Paris,  1853) ; respecting  composition  and  properties,  see  uIm  G^mtUn's 
Handbook  (xvi.  323). 

OUBAimc  or  Inctnse,  A gum-rosin  which  exndes  from  a tree,  probably  a 
species  of  lialsamodtndron  (order  TirefHnthacca\  growing  in  Arabia  and  India.  It 
has  been  burnt  from  all  antiquity  in  religious  ceremonies.  It  occurs  in  oblong  or 
rounded  Umina',  opaque,  of  yellow  or  reddish  colour,  dull  and  waxy  on  the  fractured 
surface.  It  soft^ms  between  the  teeth,  producing  an  aromatic  slightly  rough  taste.  It 
is  but  partially  soluble  in  water  and  alcohol,  melts  with  difficulty  and  imperfectly  when 
he^ited,  and  burns  with  a bright  white  flame  on  the  approach  of  a taj)cr.  According  to 
Braconnot  (Ann.  Ch.  Phys.  [2]  Iviii.  60)  it  contains  66  per  cent,  resin  soluble  in 
alcohol,  30'8  gum  soluble  in  water ; 5'2  residue  insoluble  in  water  and  in  alcohol,  and 
8 0 essential  oil  and  loss.  Hekmejer  (Jahresb.  1858,  p.  482)  found  in  olibanum  a 
gum  which  appeared  to  be  identical  with  gum-arabic.  According  to  Johnston(/^. 
Cl/.)  commercial  olibanum  consists  chiefly  of  an  acid  resin  contiiining,  on  tbe  average, 
7 4 p*'r  cent,  carbon  and  9 98  hydrogen,  agreeing  nearly  with  the  formula 

Stenhouse  (Ann.  Ch.  Pharm.  xxxv.  306),  by  distilling  olibanum  with  water, 
obtained  4 per  cent,  of  colourless  volatile  oil,  of  sjxviflc  gravity  0*866  at  20^,  having 
an  odour  like  that  of  oil  of  turpentine,  but  more  agreeable ; insoluble  in  aqueous  alojliol, 
but  soluble  in  all  proportions  in  ether  and  absolute  alcohol,  and  eunUkining  83*83  per 
cent.  C,  11'27  H,  and  4*90  O. 

OU9XO  ACID.  This  name  was  given  by  Varrentrapp  (Ann.  Ch.  Pharm. 
xxxv.  210)  to  an  acid  obtained  by  the  action  of  melting  potash  on  oleic  acid;  according 
to  lleintz,  this  acid  is  palmitic  acid  (p.  193). 

OUOZSTZO  xsoxr.  Syn.  with  Kbd  Hjematite  (iii.  337,  393). 

OXiZCtOCAASB.  Soda>spcdumtnfj  Hatron’‘Spodumfn.  A mineral  of  the  felspar 
group  (iu  618)  occurring  in  granite,  porphyry,  syenite,  serpentine,  basalt  and  trachyte. 
It  forms  tricliiiic  prisms  in  which  »'^P  : »P,*  about  120°;  oP  : oePoo  — 

93°  15';  oP  : ooF  115°  37'.  Cleavage  very  distinct,  parallel  to  oP  and  ooP« 
Twins  common. 

Hardness  6.  Specific  gravity  = 2*58  — 2*69.  Lustre  vitreous,  vitreo-pearly 
or  greasy.  Colour,  yellowish,  greyish,  reddish,  greenish-white,  or  white.  Transparent 
to  Bubtransluceut.  Fracture  conohoidal  to  uneven.  Before  the  blowpipe  it  melts 
quickly  and  more  easily  than  orthoclase,  to  a glass  either  clear  or  enamel-like.  It  is 
not  acted  upon  by  acids. 

Analjfsts : — a.  From  Unionvillc,  Pennsylvania  {Unionits\  where  it  occurs  in  granite 
with  euphyllito  and  corundum:  specific  gra\*ity  2*61  (Smith  and  Brush,  Sill.  Am.  J. 
[2]  XV.  211). — b.  Reddish  from  old  r^  porphyry  (Delossc,  Ann.  Ch.  Phys.  [3] 
v.  14). — c.  From  the  emerald  mines  of  the  Ural,  in  mica-slate:  white;  specific 
gravity  2 656  (Jewreinow,  liamtndsbtTg' s Mintralchemit,  p.  613). — d.  From  Tve- 
destrand  in  Norway  in  gneiss;  specific  gravity  2*656  (Scheerer,  Pogg. 

Ann.  Iv.  109. — e.  From  the  diabase  of  Chalangcs,  near  AUemont  in  Dauphiny:  milk- 
white  (Lory,  Bull.  g<k*log.  [2]  vii.  642).—/.  From  Piz  Kosag  in  the  Orisons;  with 
hornblende  in  diorite.  Massive;  specific  gravity  2 835  (v.  Rath,  Zeitschr.  d.  geolog. 
G«‘8ellsch.  ix.  226,  259). — g.  From  the  lava  of  Lake  Laach : specific  gravity  2 56. 
(Fouqu5,  Compt.  rend.  xix.  46).— A.  From  the  trachyte  of  Teneriffe  : smeifle  gravity 
2*68 — 2*59  (Deville,  /»>c.  ci/.). — i.  From  cavities  in  the  lava  near  llafneQord  in 
Iceland  {Hufne/JordUe,  litnc-olUjoclast):  specific  gravity  2*729  (Forchhammer,  J. 
pr.  Chem.  xxx.  489). 
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A. 

e. 
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. 64-27 

6S  92 

60*63 

61  30 

39*4 

^7-64 

63S 

62  34 

61*22 
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21*21 

12*49 

26*.'^3 

23*77 
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22  1 

2349 

23' <2 

Fer;  »c  oxlJe 

0*75 
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0*36 

0*6 

8-92 
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6*13 

4*13 
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3*7 

8-09 

0*3 
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8*83 
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1-N7 

0-2.3 
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0 37 

l-S 

0*41 

036 

.Sod4  . 

10-94 

6 93 

3*«0 

S*.V 

7*0 

5*^3 

8-9 

7*84 

2.36 

F U(h. 

. 1*36 

0*‘.l3 

1*17 

1*29 

3 4 

1 79 

3-4 

4-34 

W«ter . 

l*M 

1 64 

1-5 

100*23 

99*66 

96-33 

100*00 

99-8 

100-03 

loo-o 

iwroo 

98-68 

M»^t  of  these  analyses,  and  numerous  others  that  have  been  made  of  oligoelase  from 
viirioxis  localities,  may  be  ivprc&enled  by  the  general  formula  2M’0.2AU*0*.9Si0’,  in 
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viiidi  th^ozjgen-ratio  of  the  protoxides,  alumina  and  silica  is  as  1 : 3 : 9 (see  il  618). 
The  ratio  between  the  lime  and  alkalis  is  somewhat  Tariable,  but  the  soda  is  for  the 
most  part  predominant  An  isomorphons  mixture  containing  2(iNa.^a)^.2AU'0’. 
9SiO*  would  contain  63'01  per  cent  silica,  23‘55  alumina,  4*24  lime,  and  8*40  soda. 
In  oligoelase  from  the  Ural  (c),  and  some  others,  the  proportion  of  alumina  appears  to 
be  eoDsiderablj  greater ; this  may  arise  from  loss  of  alkalis  by  weathering  (or  it  may 
be  dne  to  incorrect  determination  of  the  alkalis^.  The  mineral  from  HafiieQord  (t) 
u remarkable  for  the  large  proportion  of  lime  which  it  contains. 

OUGOH»SPAJk.  Breithaopt's  name  for  spathic  iron  (ferrous  carbonate)  from 
Ehrenfriedersdorf. 

OXJVa,  Oifa  europac. — The  development  of  fatty  matter  and  of  mannxte  in  the 
huit  of  this  tree  has  l^n  recently  examined  by  De  Luca  (Compt  rend.  liiL  380; 
1t.  470,  M6;  Ivii.  620;  Jahresb.  1861,  p.  739;  1862,  p.  605;  1863,  p.  611).  The 
fruit,  which  at  first  weighs  only  a few  millegrammes,  goes  on  increasing  in  weight  till 
h'orrmbor,  its  weight  when  ripe  being  about  2 giummes  ; the  weight  of  the  kernel 
boverer  increanos  only  from  its  first  development  till  August,  after  which  it  remains 
stationary.  The  density  of  the  entire  fruit,  which  in  its  early  stages  is  about  equal  to 
that  of  water,  increases  to  about  1*04  when  the  fruit  has  become  quite  green ; and  then 
diminisbes  as  the  fruit  ripens,  the  ripest  fruits  having  the  smallest  density  (1*007). 
The  proportion  of  water  in  olives  decreases  from  00 — 70  per  cent,  in  the  earlicststage 
of  the  fruit  to  25  per  cent,  in  the  ripe  fruiL  Olives  yield  to  sulphide  of  carbon  a 
variety  of  substAnces  including  colouring  matters,  and  especially  chlorophyll,  the 
quantity  of  which  continually  £minishc8  as  the  fruit  ripens.  The  fat,  whidi  is  present 
only  in  snmll  amount  in  the  young  fruit,  increases  continually  as  the  fruit  grows,  and 
attains  its  maximum  (69*8  per  cent)  in  the  ripe  fruit  which  has  lost  all  traces  of  green 
colouring.  The  increased  development  of  fat  bfgins  at  the  time  when  the  weight  of 
the  kernel  becomes  stationary.  The  formation  of  fat  is  accelerated  by  the  action  of 
air  and  light 

The  green  substance  of  the  leaves  and  fruit  of  the  olive-tree  is  always  accompanied 
bj  mannite,  which  indeed  is  present  in  all  parts  of  the  tree.  The  leaves  contain  at 
first  but  a small  quantity  of  raannite : it  increases  as  they  grow,  but  diminishes  at 
fiowering  time,  and  disappears  altogether  as  the  leaves  turn  yellow  and  fall.  The 
fioven  ^80  contain  a considerable  quantity  of  mannite;  but  those  which  fall  off  after 
impregnation  contain  not  a trace  of  it.  Olives  when  scarcely  formed  are  rich  in  roan- 
uite ; the  proportion  of  this  substance  diminishes  however  as  the  fruit  grows  ; and  in 
ripe  olives,  no  longer  green,  but  containing  the  maximum  of  fat,  it  is  altogether 
absent 

Olives,  especially  in  the  green  state,  contain,  together  with  mannite,  a peculiar  bitter 
fubstance,  easily  soluble  in  water,  less  so  in  alcohol. 

OXiXVa  OXZta  This  fat  oil  is  extracted  from  the  fleshy  portion  or  pericarp  of  the 
fruit  of  the  olive.  Several  qualities  of  it  are  found  in  commerce.  The  best,  called  v/r^'a 

which  has  an  agreeable  odour  and  is  used  for  culinary  purposes,  is  obtained  fimm 
frpsh  olives  by  pressure.  The  oil  of  second  qualitpr,  which  is  more  apt  to  turn  rancid 
than  the  preceding,  in  consequence  of  the  mucilaginous  particles  with  which  it  is  mixed, 
U prepared  from  the  pulp  of  olives  from  which  the  ^'irciu  oil  lias  been  expressed,  by  ma- 
cerating it  in  boiling  water,  and  pressing  it  again.  This  oil,  called  ordinary  oil  {huUe 
toumante\  is  chiefly  used  for  oiling  goods  which  are  to  be  dyed  with  Turkey  red.  A 
third  and  still  inferior  quality  of  oil,  unfit  for  culinary  purposes,  is  obtained  either  by 
pressing  the  olives  a second  time  with  water,  or  by  the  use  of  inferior  olives.  Lastly, 
a very  crude  oil  called  infernal  oil  {huilc  d^enftr')  is  obtained  from  the  water  which 
has  been  used  in  pressing  the  olives,  and  still  contains  some  of  the  oil  in  suspension, 
by  leaving  it  to  repose  in  cisterns  called  enftra.  The  inferior  kinds  of  olive  oil  are 
0^  chiefly  for  burning,  in  the  manufacture  of  doth,  and  in  soap-making. 

Pore  olive  oil  has  a pale  yellow  colour,  an  agreeable  taste,  and  a very  faint  odour. 
According  to  Saussure,  its  specific  gravity  is  0*9192  at  12®,  0*9109  at  26®,  0*8392  at 
jW®,  and  0*8624  at  94®,  that  of  water  at  16®  being  equal  to  unity ; according  to  Pohl, 
it  is  0*9163^  at  17*3®  compared  with  water  at  the  same  temperature.  It  boils  at  313® 
(Stnssure).  The  cold-prepared  oil  contains  77*36  per  cent,  carbon,  11*45  hydrogen, 
and  11*29  oxygen.  (Lefort.) 

Olive  oil  is  resolved  by  saponification  into  glycerin  and  fatW  acids,  which,  according 
to  the  older  statements  of  Cnevreul,  and  of  Pelouze  and  Boudet,  consists  of  mar- 
paric  and  oleic  acids;  according  to  Collett  (J.  pr.  Chem.  Ixiv.  108)  of  palmitic  and 
oleic  acids;  according  to  Hei  n t z and  Krug  {ibid.  Ixx.  367)  of  oleic,  palmitic,  butic, 
and  perhaps  also  stearic  acid.  According  to  Benecke  i^SUidiev^  p.  108)  olive  oil  con- 
tains choleeterio. 
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Olire  oil  iolidifies  at  temperatares  abore  0*^  C.,  oft«n  at  10^,  small  ^nules  Mpa- 
mting  out ; by  cooling  and  pressure  it  may  be  resolved  into  apermanenUy  fluid,  and  a 
BolidiiSable  portion  called  oiivf-oil  tallow,  or  by  Pelouze  and  Boudet,  olfo-rnargarin  ; 
it  melts  at  22® — 28®.  The  permanently  fluid  portion  of  olire  oil  consists  of  triolein. 

Olive-oil  treated  with  moist  chlorine  ami  bromine  yields  substitution  products.  The 
rhloHnatrd  oil  is  colourless,  and  of  the  consistence  of  castor-oil,  of  specific  gravity 
r078  at  10°,  and  contains  20*47 — 21*01  per  cent,  chlorine.  The  hrominatfd  oil  is  of 
the  same  consistence,  but  has  a yellowish  tint : specific  gravity  1*276  at  9*5°  ; contains 
36*48 — 36*37  per  cenU  bromine.  (Lefort.) 

For  further  details  on  the  reactions  of  olire  oil,  see  Gmelin'a  Handf>ooJc,  vol.  xvii. 
under  7'riohin,  Kespecting  the  method  of  detecting  adulterutions  of  olive  oil,  see 
Oius,  p.  181, 

O&TVEirZTB,  Prismatic  Arsenate  of  copper.  PkarmacochalciU.  Olivencrs.— 
A cnpric  phosphato-arsenate,  occurring,  sometimes  in  long  rhombic  prisms  or  needles, 
S'mieiimcs  in  spherical  or  ovoid  aggregations  resembling  malachite ; sometimes  fibrous, 
forming  the  variety  called  wood-arsenate  {Holskupftrerz).  Hardness  = 3.  Specific 
gravity  « 4*1 — 4*4;  of  the  wood-arsonate  3*913.  Lustre  adamantine  to  vitreous. 
Colour  olive-green,  or  sometimes  brown.  Streak  olive-grr-en  to  brown.  Subtranspart'nt 
or  opaque.  Fracture,  when  obscrvsble,  conchoVdal  or  uneven.  Brittle. 

The  principal  localities  of  the  mineral  are  the  Redmth  and  other  mines  in  Cornwall ; 
it  is  also  found  on  Alston  Moor  in  Cumberland ; at  Camsdorf  and  Saalfield  in  Thur- 
ingia ; in  the  Tyrol,  the  Bannat,  Siberia,  Chile,  and  other  places. 

The  following  analyses  are  of  spedmens  from  the  Cornish  mines  (Hammelsberg’s 


Mincralchemic,  p.  37^): 

Richard- 

Ciyttatlised. 
Kohell.  Hermann. 

Damour. 

Fibrom*. 
Hermann. S 

Arsenic  Anhvdride  . 

39'8A 

36-71 

33  60 

34-87 

40-50 

Pbosplioric  Anhydride  . 

. . . 

3*36 

6-96 

3-43 

1*00 

Cu))ric  Oxide 

56-42 

66-43 

66  38 

66-86 

61  03 

F»  rroua  Oxide 

. • . 

, 

3-64 

Water 

3-73 

3-50 

4-16 

3 72 

3-83 

100-00 

100*00 

100  00 

98*88 

100-00 

The  analyses  lea«l  to  the  formula  4Cu*0.(As ; P)HP.H*0  or  Ccu*(A8;P)-0*. 
CcuH'O*,  W’hich,  if  the  number  of  atoms  of  arsenic  be  supposed  to  be  six  times  as  great 
asthatof  the  phosphorus  atoms,  will  give  35*70  per  cent  As’O*,  3*69  P^O*,  57*40Cu’O, 
and  3-21  H^O. 

Olivenitc  is  liommomorphous  with  libethenite  from  Hungary,  Ccu*P*0*.Ccu'’H’0*. 

OXtTVSSroxs.  Shepard's  name  for  a mineral  resembling  olivin,  which  he  sup- 
poses to  exist  in  certain  meteorites. 

OUVTX.  C‘^n"K)*.  (Pelletier,  Ann.  Ch.  Phys.  [2]  iii.  105 ; li.  196.  Sobrero.J. 
Pharm.  [3j  iii.  286). — A neutral  substance  owurring  t^rtlier  with  resin  and  a little 
benzoic  acid  in  the  gum  of  tlie  olive-tree.  To  obtain  it,  the  finely  powdered  gum  is 
digi'nlt^i  with  ether  to  remove  the  resin,  and  tlie  residue  is  boiled  with  alcohol.  The 
quiekly-filfennl  solution  solidifies  to  a crysfrdline  mass,  which  is  purified  by  washing 
with  cold  alcohol  and  re-crystallising  from  a boiling  alcoholic  solution.  (Pelletier, 
Sobrero.) 

Olivil  separates  from  absolute  alcohol  in  colourbss  anhydrous  crystals,  which  are  in- 
odorous, and  have  a bitter-sweet,  somewhat  aromatic  taste.  At  118° — 120°  it  melts 
without  loss  of  weight  to  a transparent  liquid,  which  solidifies,  on  cooling,  to  a colour- 
less or  ycllowdsh  transparent  rr*sin,  which  cracks,  and.  when  powdered,  becomes  electric  ; 
hea>t»d  to  70®,  it  again  b»*comes  fluid,  but  crys*nllisos  from  alcohol  in  its  original 
Mat«.  It  is  very  w»luble  in  water,  csp<*ciiiUy  at  the  boiling  heat ; it  dLssolvcs  in  all  pro- 
jM>i*tion.s  in  l>oiling  ntcohol,  and  in  small  quantity  in  ithrr  and  in  oil*. 

Anhydrous  olivil  «*ontuins,  awording  to  the  mean  of  Sobrero’s  analyses,  61*01  per 
eent.  carlajii.  and  7 08  hydrogen;  the  formula  C'*H'*0*  requires  61*09  carl)on,  6*9  hy- 
drogen. :uul  32  01  oxygen.  Olivil  cn’stalliscs  from  water  in  colourless  transparent 
pri.«*ms,  containing  or  6*33  per  cent,  water,  half  of  which  they  give  oflf 

when  dricti  in  a vacuum  and  the  whole  when  melted. 

Olivil  suhje<-t<tl  to  rfrv  melts  and  puffs  up,  giving  off 

water  (acetic  acid  according  to  Pelletier)  and  pyrolivilic  acid,  whilst  ablack  pasty 
mass,  partially  soluble  in  alcohol,  nwains  behind.  By  prolonged  heating,  other  vol- 
atile products,  ilitf«*ring  from  pyrolivilic  acid,  arc  obtained,  till  at  last  charcoal  remains 
(Sobrer»j).  - 2.  It  burns  with  a white  flame,  and  leaves  a large  quantity  of  porous  char- 
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«)*l— 3.  Ckhrine,  passed  into  aqaeons  olin'l,  throws  down  brown  flakes  containing  chio* 
rine,  which  are  afterwards  decomposed,  with  evolution  of  carbonic  anhydride — 4.  Strong 
fslpkuric  acid  colours  olivil  blood-r<^,  and  then  carbonises  it ; from  a moderately 
Hilute  aqueous  solution  of  olivil  it  precipitates  olivirutin. — 5.  Dry  oHvil  absorlM 
kffdrcckioric  acid  pas,  becoming  transparent  and  green,  and,  on  heating,  is  converted 
into  olivirutin  (p.  202). — 6.  Strong  nitric  add  attacks  it  violently,  with  abundant  evo- 
lotion  of  nitric  peroxide.  With  nitric  acid  diluted  with  its  own  volume  of  water, *it  forms 
a deep  red*yellow  solution,  which,  when  heated,  becomes  nearly  colourless,  evolving 
scarcely  any  red  fumes,  but  much  hydrocyanic  acid,  and  contains,  after  the  reaction,  a 
luge  quantity  of  oxalic  acid. — Very  weak  nitric  acid  colours  aqueous  olivil  reddish- 
vrilow. — 7.  A solution  of  olivil  in  caustic  potash  assumes  a yellowish-green,  afterwards  a 
brown  colour,  more  especially  on  exposure  to  the  air. — 8.  Chromic  acid  and  dichromutu 
of  potassium  precipitate  aqueous  olivil  in  brown  flakes,  which  soon  become  green  and 
gnonlatcd,  and  appear  to  consist  of  the  chromium-salt  of  an  acid  formed  by  the  oxi- 
dation of  olivil.  No  gas  is  evolved  in  the  reaction. — 9.  Peroxide  of  lead  is  decolorised 
bj  boiling  with  aqueous  olivil,  without  evolution  of  gas,  and,  after  some  days’  boiling, 
HcoDTcrted  into  a light  powder  containing  oxide  of  lead  and  a resinous  oxidation-pro- 
duct of  olivil. — 10.  Aqueous  olivil  colours  sulphate  of  copper,  on  boiling,  pale-green  ; 
it  immediately  reduces  gold  and  silver-salts.  (Sobrero.) 

Lrad-salt  *f  Olicd.  On  adding  ammonia  to  a solution  of  nitrate  of  lead  containing 
X large  excess  of  olivil,  a white  precipitate  is  formed  containing  34*4  per  cent  carbon, 
3*+~3'7  hydrogen,  and  46‘2— 46*0  lead-oxide,  agreeing  nearly  with  the  formula 
CHn>*o*.Ppb'’0. 

OUVZH.  Chrysolite,  Boltonite,  Forsterite,  Glinkite,  Hyalosiderite,  Peridote. — 
A silicate  of  iron  and  magnesium  2(Mg;  Fe)*O.SiO*  or  (Mmg" ; Ffc")^iO\  occurring 
somotimes  in  transp:irent  crystals  (chrysolite),  but  more  usually  in  imb^ded  masses  or 
graitis,  in  lava  and  basalt,  and  in  many  meteorites  (iii.  977).  The  crystals  are  trimetric, 
haviog  the  ratio  of  the  ax^'S  a \ b e a 0*466 : 1 : 0*5867.  Angle  oeP  : oeP  m 
4958  ; cb?2  : oe?2  - 86*0®;  (basal)  = 60®  48';  2px>  ; 2px  (basal)  - 

99°  7';  P®  : P®  (basal)  — 10*3®  6'.  They  are  usually  short  prisms  formed  by  the 
Tcnical  prismatic  faces  above  mentioned  and  the  faces  ®P«  and  ®P®  ; t bo  ends  are 
bevelled  with  one  or  more  of  the  above-mentioned  domes,  or  terminated  by  the  basal 
fxet  oP,  the  latter  however  .seldom  predominating.  Cleavage  tolerably  easy  parallel  to 
(Kopp’s  Krystallogrnphie).  Hardness  = 6*7.  Specific  gravity  = 3*33 — 3^5. 
Lustre  vitreous.  (Colour  green,  commonly  olive-green,  sometimes  brownish ; black  in 
•ome  highly  ferruginous  varieties ; rarely  white.  Streak  uncoloured.  Transparent. 
Fracture  conchoidal. 

Olivin  rich  in  iron  melts  before  the  blowpipe  to  a black  magnetic  bead,  but  the  varie- 
ties containing  but  little  iron  are  infusible.  Olivins  are  decomposed  by  hydrochloric 
and,  the  iron  olivins  also  more  easily  than  the  others.  According  to  v.  Kobell,  oUvrin 
forms  a jelly  with  sulphuric  acid. 

Analyses:  a.  Forsferite  from  Somm&:  white,  crystallised;  specific  gravity  3*243; 
alowW  gelatinising  with  silica  (Ilammelsberg,  Mtneralchcmie,  p.  437). — b.  Boltonite 
from  ^Iton,  MasMachussetts : greenish-yellow;  specific  gravity  3*328  (.Smith,  Sill. 
Am.  J.  [3]  xviii.  372). — c.  Grains  from  the  Thjorslava,  Hecla:  Bp4*cific  gravity  3*226 
(Oenth,  Ann.  Ch.  Pharm.  Ixvi.  20V — d.  Chrysolite,  from  the  East  (.Slromeyer, 
Pcgg  Ann.  iv.  193V— -c.  From  the  rumarole  of  Mascala.  Etna;  crystallised;  specific 
parity  3*334  (v.  Waltershausen,  Vulkanische  Gestrine,  p.  117). — f From 
Petachaa  in  Bohemia,  in  basalt  (Rammelsberg). — g.  From  the  Pallas  meteorite 
(Slromeyer,  loc.  cit.). — h.  From  the  meteoric  iron  of  Atacama  (Schmid,  Pogg. 
Ado.  Ixxxiv.  601).— t.  From  Tissersk  in  the  Ural,  in  mica-slate;  specific  gravity 
3*39 — 3*43  (Hermann,  J.  pr.  Chem.  xlvi.  222). 


a. 

b. 

c. 

d. 

e. 

/. 

K- 

k. 

i. 

43-41 

43  31 

43*44 

89*73 

41*33 

44  67 

86'48 

86-93 

40^04 

. 53-30 

51-16 

49*31 

50-1.3 

47*44 

41-64 

4N-43 

43-16 

43- 6U 

Kerrooi  oxide 

. 3-33 

3*77 

6*93 

9*19 

10*38 

10*76 

11  19 

17-21 

17-bS 

Maoexnoui  oxide 

OOS 

, 

0*34 

l'6l 

NifkH  ox>de  . 

A>u«ina  , 

VoM  br  Ignitkm  . 

• . * 

a 1*8 

190 

0*33 

0-3-J 

0*23 

0*31 

0-04 

8*3.4 

0“i3 

0*19 

• • 

0*15 

96- (H 

96*33 

100*00 

99*67 

100*00 

99*65 

9B'C1 

90*10 

lOu-37 

These  analyses  and  numerous  others  of  olivin  from  various  localities  may  be  repre- 
*ented  by  the  general  formula  above  given,  the  magnesium  and  iron  replacing  each 
other  isomorphously.  For  other  analyses  see  Rammelsberg's  Mineralchemic,  pp.  437— 
■ and  further,  Jahresb.  1861,  p.  987  ; 1862,  727  ; 1863,  p.  803. 

Hyciimderiu  (iii.  177)  may  be  regarded  as  an  olivin,  (JFfe“.JAImg")*SiO*,  having 
part  of  the  silica  replaced  by  alumina. 
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Eutf/nite-olivin^  from  tiie  of  TuDabers  in  Sweden  (ii.  606),  containe  29*34  per 

cent.  Hilica,  3*04  magnesia*  d4‘71  ferrous  oxide,  8*39  manganooa  oxide,  3*07  lime,  and 
I 21  alumina,  and  maj  be  represented  by  the  formula  (|Mmn.Y>Idmg.^Cca.?Ffe.)* 
SiO' or(JiImn.lMmg.jlCca)*SiO*  + 3Ffe*SiO*. 

Damour  (Ann.  Min.  [4]  riii.  90)  describes  as  titaniferous  olivin  a mas- 
sive red-brown  minonil  from  the  mica-slate  of  Pfunders  in  the  Tyrol,  having  a specidc 
gravity  of  3*25,  and  containing  (mean  of  two  analyses)  36*58  per  cent,  silica,  4*40 
titanic  anhydride,  49*89  magnesia,  6*10  ferrous  oxide,  0*60  manganous  oxide,  aud  1*73 
water. 

OXkXTmUTlJN.  A red  substance  produced  by  the  action  of  sulphuric  or  hydro- 
chloric acid  on  oliviL  It  is  precipitated  on  pouring  strong  sulphuric  acid  into  a 
conccntratwl  solution  of  olivil,  in  red  flocks,  which  ultimately  dissolve  in  the  acid,  but 
arc  reprccipitated  by  water.  It  dissolves  in  ammonia  with  fine  violet  colour;  also  in 
alcohol,  whence  it  is  precipitated  by  water.  It  conUins  from  68*0  to  69*1  per  cent, 
carbon,  and  6*9  to  6-4  hydrogen,  and  according  to  Sobrero,  differs  from  olinl  by  the 
elements  of  water.  The  alcoholic  solution  precipitates  basic  acetate  of  lead,  and  afrer 
addition  of  ammonia,  likewise  barium-  and  calcium-salts;  it  precipitates  cupric  acetate 
after  some  time. 

03UVZT8.  A bitter  substance  obtained  by  Landerer  from  unripe  olives,  by  ex- 
traction with  dilute  hydrochloric  or  sulphuric  acid  and  precipitation  with  water.  It 
dissolves  in  alcohol,  and  separates,  after  concentration,  in  bitter  neutral  crystals,  insolu- 
ble in  water,  but  soluble  in  dilute  acids.  The  same  substance  appears  to  have  been 
obtained  from  the  leaves  of  the  olive  tree  by  a difterent  process,  (llaodw.  d.  Chem.  v. 
696.— Gm.  xvi,  197.) 

OKXCB&nx,  OXTOS  OV.  A substance  contained,  according  to  Scharling 
(Ann.  Ch.  Pharm.  xlii.  265),  in  the  ethereal  extract  of  urine  (CtuxM^)-  It  is  of  resinous 
consi.«ttence,  melts  in  boiling  water  to  a yellowish  oil,  and  dissolves  in  alcohol,  eth<*r 
and  alkalis.  Chlorine  converts  it  into  a substance  said  to  have  the  composition  of  chloride 
of  salicyh  C*H‘0*CL 

OMPBAZJTB.  A foliated  leek-green  variety  of  augite,  having  nearly  the  com- 
position of  diopside,  but  with  rather  more  iron.  Specific  gravity  3*23-— 3*3.  It 
accompanies  granular  garnet  on  the  Sau  Alp ; occurs  also  in  Carinthia  and  near  Hof 
in  Bayreuth,  with  the  smaragdito  variety  of  hornblende,  which  it  much  resembles. 

OBBOm.  Outhito  from  Lake  Onega. 

OBXOSXB.  An  argillaceous  mineral  from  the  Salzbuig  Alps,  occurring  in  ronnd- 
iah  pieces,  having  an  apple-green  colour,  sometimes  greyish  or  brownish,  with  weak 
greasy  lustre  : translucent.  Hardness  « 2.  Specific  gravity  « 2*8.  Fracture  fine- 
splintery.  Fuses  with  intumescence  before  the  blonpipe  to  a white  blebby  glass, 
•^luble  in  sulphuric,  insoluble  in  hydrochloric  acid.  Contains  52*52  per  cent,  silica, 
30*88  alumina,  3*82  ferrous  oxide,  6*38  potash,  aud  4*60  water,  (v.  Kobe  11,  J.  pr.Chem. 
ii.  295.) 

A mineral  from  the  Ochsenkopf  near  Schwarzenberg,  usually  regarded  as  an  agal- 
matolite,  and  found  by  John  (Ann.  Phil.  iv.  214)  to  contain  55  per  cent,  silica,  30 
alumina,  1 ferric  oxide,  1*75  lime,  6*25  potash,  and  5*5  water,  belongs  properly  to 
onkosin.  (Scheerer.) 

OBOCBBXB.  C'*n*0?  (Hlasiwotz,  J- pr.  Chem.  Ixv.  142.) — A crystalKsable 
substance  contained,  together  with  ononin,  in  the  root  of  Onofus  spinosa^  and  separating 
from  the  concentrated  alcoholic  decoction  in  strongly  coloured  crystals,  which  may  be 
purifnd  by  pressure,  washing  with  cold  alcohol,  and  recrystallisation  from  boiling 
alcohol,  with  aid  of  animal  charcoal.  It  forms  interlaced  capillary  crystals,  insoluble 
in  water,  sparingly  soluble  in  ether,  perfectly  soluble  in  boiling  alcohot  and  in  warm 
oU  of  turpentine;  melts  to  a colourless  liquid,  which  solidifies  to  a ciystalline  mass, 
aud  is  not  altered  by  boiling  with  hydrochloric  acid,  or  with  potash-ley,  Ch/orine  at 
100^,  converts  it  into  chloronocerin,  C'^ll'^CPO,  a resinous  substance,  insoluble  in 
water  and  in  alcohol,  easily  soluble  in  ether. 

03VOFBXTS.  Kative  selenio-sulphide  of  mercury  (iii.  912). 

OBOBBTIB.  (Hlasiwetr,  loc.  at.) — A substance  produced, 

together  with  glucose,  by  the  action  of  dilute  acids  on  onospin  (p.  203) : 

C«H“0“  = C*"H**0'*  + 2C*H'’0*; 
also  by  boiling  formonetin  (ii.  695)  with  baryta- water: 

+ 4H»0  =.  2CH*0*  + 

Formonetin.  Formic  Onooctili. 

acid. 
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To  prepiM  it,  onospin  is  boiled  with  about  ten  times  its  weight  of  water,  and  sul- 
phuric acid  is  added  drop  bj  drop  till  the  solution  becomes  turbid.  On  continuing  the 
boiling,  the  unonetin  collects  at  the  bottom  in  a fused  mass  which  becomes  cr^'stalliue 
on  coming,  and  raa^*  be  purified  by  reciystallisation  from  strong  alcohol. 

Onon»*tin  forms  long,  colourless,  brittle  prisms,  grouped  in  stars  or  bundles,  nearly 
insoluble  in  wafer,  soluble  in  alcohol,  slightly  soluble  in  warm  ether,  more  soluble 
in  alkalis.  It  gives  off  186  per  cent  water  at  100®,  melts  at  120®,  and  solidifies  in 
a radiate  mass  on  cooling;  it  cannot  be  volatilised.  Its  solution  does  not  precipitate 
any  metallic  salt,  except  basic  acetate  of  lead.  It  is  coloured  red  by  strong  sulphuric 
acid  and  peroxide  of  manganese,  deep  red  by  ferric  chloride.  When  heated  with 
nitric  acid,  it  melts  likearesin,  and  oxidises,  emitting  a ver^  irritating  odour;  the  solu- 
tion contains  oxalic  arid,  and  apparently  picric  and  oxipicnc  acids.'  The  ammoniucal 
MuliitioQ,  when  exposed  to  the  air,  acquires  a fine  deep  green  colour,  and  hydrochloric 
acid  then  throws  down  from  it  a dark  red  resinous  substance  soluble  in  alcohoL 

OVOSrzsa.  This  name  was  given  by  Reinsch  (Report  Pharm.  [2]  xxvi.  12) 
to  a substance  resembling  glycyrrhizin,  which  ho  obtained  from  the  aqueous  decoc- 
tion of  the  rout  of  Ononis  spinosa  by  precipitation  with  sulphuric  acid.  Hlasiwetz 
however  found  the  substance  thus  obtained  to  be  of  variable  composition,  and  is  of 
opinion  that  the  root  contains  true  glycyrrhizin,  which  gradually  becomes  altered  by 
oxidation. 

OlVOlfXlV.  C**H**0*’. — A substance  existing  in  the  root  of  Ononis  spinosa ; dis- 
covered by  Reinsch  {loc.  cit.),  further  investigated  by  Hlasiwetz  (Wien.  Acad.  Bcr. 
XV.  U2).  It  is  prepared  by  precipitating  the  clarified  aqueous  decoction  of  the  root 
with  a sUglit  excess  of  basic  acetate  of  lead,  decomposing  the  precipitate  with  sulphydric 
acid,  and  treating  the  washed  and  dried  sulphide  of  lead  several  times  with  boiling 
aUohoL  The  alcoholic  liquors  freed  from  alcohol  by  distillation,  and  left  to  evaporate, 
deposit  the  ononin  in  ciystalllne  nodules,  which  may  be  freed  from  adhering  brown 
resin  by  treatment  with  alcohol.  (Hlasiwetz.) 

Pure  ononin  forms  colourless  needles  or  scales,  tasteless,  inodorou.«t,  insoluble  in 
cold  water,  sparingly  soluble  in  boiling  water,  more  soluble  in  boiling  alcohol,  nearly 
insoluble  in  etlur.  It  melts  and  turns  brown  at  235®.  . Contains  according  to 
Hlasiwetz,  68-28 — 61*75  per  cent,  carbon,  and  5*45 — 6 68  hydrogen;  the  formula 
above  given  requires  69'80  carbon,  5*46  hydrogen,  and  34-74  oxygen. 

The  alcoholic  solution  of  ononin  does  not  precipitate  any  metallic  salts  except  fmsic 
acetate  of  lead,  with  which  it  forms  white  flocks.  It  is  not  coloured  by  ferric  chloride, 
or  by  cidorine-water.  It  is  dissolved  at  the  boiling  heat  by  caustic  potash,  and  more 
easily  by  bargta^watcr,  yielding  a formate  and  onospin: 

C«H«o«  + 2H*0  = C«H«0“  + 2CHK)* 

OuouiD.  Oiioipin.  Formic 

aciil. 

Strong  sulphuric  acid  dissolves  it,  forming  a reddish-yellow  solution  which  becomes 
cherry-red  after  some  time,  and  immediately  assumes  a fine  crimson  colour  on  addition 
of  a few  grains  of  manganic  peroxide.  Hydrochloric  acid  and  dilute  sulphuric  acid 
dissolve  ononiu  with  aid  of  heat,  yielding  formonetin  and  glucose: 

C«H»0»  - C**H**0‘*  + 2C«H'H)»  + 2H»0. 

Boiling  nitric  acid  dissolves  it,  with  deep  yellow  colour,  producing  oxalic  acid. 
(Hlasiwetz.) 

OSrolFXS.  The  root  of  the  spinous  rest-harrow  {Ononis  spinosa)  contains,  accord- 
ing to  Hlasiwetz,  two  crystallisablo  substances,  ononin  and  onocerin,  u substance 
allied  to  glycyrrhizin,  and  citric  acid,  besides  the  constituents  common  to  all  plants. 

The  Bill  of  the  root  was  found  by  Bukeisen  (Jahresb.  1855,  p.  717),  to  contain 
15  76  per  cent,  potash,  3 78  soda,  2-09  chloride  of  sodium,  20  87  lime,  13"37  magnesia, 
4 *29  ferrous  oxiue  with  trace  of  manganese,  4 85  silica,  7*93  phosphoric  anhydride,  8'88 
sulphuric  anhydride,  8-60  carbonic  anhydride,  with  12-GO  sand  and  charcoal. 

OWOSVXXr*  C**H**0**.  (Hlasiwetz,  loc.  cit.) — A substance  produced,  together 
with  formic  acid,  by  boiling  ononin  with  bary-ta-water.  After  all  the  ononin  is 
dissolved,  a stream  of  carbonic  acid  gas  is  passed  into  the  liquid,  and  the  precipitate  is 
washed  with  cold  and  digested  in  boiling  water,  which  dissolves  the  onospin,  and 
deposits  it  on  cooling  as  a white  interlaced  crystalline  mass.  It  is  insoluble  in  ether, 
but  easily  soluble  in  alcohol.  It  dissolves  also  in  alkalis,  and  is  precipitated  by  acids. 
It  melts  at  162®,  and  solidifies  to  an  amorphous  mass  on  cooling;  may  be  heated  to 
200®  without  decompositiou  ; yields  a slight  sublimate  when  heated  in  a tube.  It  is 
coloured  dark  carmine-red  by  sulphuric  acid  and  manganic  peroxide.  Its  aqueous  or 
alcoholic  solution  gives  a dark  cherry-rcd  colour  with  ferric  chloride.  When  heated 
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with  hydrochlorio  or  dUuU  tvlphuric  acid^  it  is  resolrod  into  glucose  tnd  ononetin 

(p.  203). 

OVTX.  A chslcedonic  yarietj  of  quartz,  resembling  agate,  but  haying  the  colours 

— usually  a light  clear  brown  and  an  opaque  wbite>*amng^  in  flat  horizontal  planes. 
When  the  layc-ra  consist  of  sard  and  white  chalcedony,  the  stone  is  called  sardonyx, 

OOXkXTB  (hrom  an  egg). — A Ume*stone  rock  consisting  of  minute  spherical 
grains  resembling  the  roe  of  a fish.  In  some  oolites  the  indiyiuuni  grains  are  formed 
of  concentric  layers  enclosing  a nucleus  of  some  foreign  substance ; in  the  oolite  of 
the  Karlsbad  springs,  for  example,  this  nucleus  usually  consists  of  granite. 

008XTB.  A mineral  resembling  pinite  from  the  porphyry  of  Oos  qear  Geroldsau  in 
Baden.  Kessler  (Jahresb.  1861,  p.  1U08)  found  m oosite  from  Gunzenbach  and 
Selighofen,  68  69  silica,  2'289  alumina,  4*U9  ferrous  («  4'64  ferric)  oxide,  0*22 
magnesia,  4’94  potash,  1*14  soda  and  6’11  water  (a  100*27). 

Katire  amorphous  hydrated  silica,  occurring  in  masses  haring  a concboidal 
fractnre,  ritreous  lustre  sometimes  inclining  to  resinous  or  pearly,  and  white,  yellow, 
brown,  green,  or  grey  colour  according  to  the  foreign  substances  present,  sometimes 
exhibiting  a rich  play  of  colours,  or  different  colours  by  refracted  and  reflected  light. 
Hardness  — 6*6— 6*6.  Specific  grayity  =»  1*9 — 2*3.  It  appears  to  be  a mixture  of 
several  hydrates  of  silica  and  various  adventitious  substances,  such  os  ferric  oxide, 
alumina,  magnesia,  alkalis,  &c. ; the  proportion  of  silica  varying  from  73  to  96  per 
cent.,  and  that  of  water  from  3 to  12  per  cent.  Pulverts^  opal,  like  artificially 
prepared  amorphous  silica,  dissolves  in  hot  potash-ley,  a character  by  which  it  is 
distinguished  ^m  quartz  (crystallised  silica).  Opal  is  infusible  before  the  blow- 
pipe, but  gives  off  water  ana  becomes  opaque.  Some  varieties  containing  iron  turn 
red. 

The  following  varieties  of  opal  ore  distinguished  according  to  their  colour  and  other 
physical  properlie.s. — 1.  J^revUms  or  nohie  opal : generally  white  or  colourU^ss,  and  ex- 
Iiibiting  a rich  play  of  colours,  green,  red,  blue,  and  yellow  of  various  shades.  AMien 
large  and  exhibiting  its  iridescence  in  perfiH'tion,  it  is  a very  valuable  gem.  It  occurs 
in  porphyry  at  Czernewitza  near  Kashau  in  Hungary,  at  Frankfort,  and  at  Gracias  a 
Dios  in  Honduras. — 2.  Firt  opal  or  OiroAol : a transparent  opal  coloured  hyacinth-red 
to  honey-  and  wine  yellow  by  ferric  oxide,  6ometim(>s  with  blue  and  yellow  shades  ; 
occurs  at  Zimapan  in  Mexico  and  in  the  Faroe  islands. — 3.  Common  ojml : of  various 
colours,  but  only  tran.slucent  or  semi-transpjirent  and  without  irid»^ence ; abundant  in 
Hungary,  the  Faroe  islands,  Iceland,  the  Giant’s  Causeway,  and  the  Hebrides  : found 
also  near  Smynia. — 4.  HyaliU  : mostly  quite  transparent  and  cidourless.  or  enamel-like, 
but  neither  bright-coloured  nor  iri<lescent ; occurs  in  amygdaloid  at  Schemnitz  in 
Hungary,  and  in  clinkstone  at  Waltzsch  in  Bohemia  ; also  in  several  localities  in  the 
United  States. — 5.  Sr  mi -opal : generally  translucent  at  the  edges  only,  and  with  a 
waxy,  not  glassy  lustre ; found  near  Hanau. — 6.  Wood-opal  is  a semi-opal  having  a 
j>eculiar  ligneous  structure,  projluced  in  fact  by  the  silicatisation  of  fossil  wood;  it 
forms  large  trees  in  the  pumice  conglomerates  of  8aiba  near  Ncusohl  and  Kremnitz  in 
Hungary,  in  Faroe,  near  Hobart  Town  in  Tasmania,  and  other  trap-countries.  The 
following  varieties  occur  as  concretions  or  coatings. — 7.  Mmilite:  brown  opaque 
compact  reniform  masses,  imbedded  in  adhesive  slate  at  Menil  Montant  near  Paris. — 
8.  Cacholoug : nearly  opaque,  of  porcelain  or  bluish-white  colour  ; adheres  to  the  tongue, 
contains  a small  quantity  of  alumina  with  3*6  per  cent,  water ; it  is  closely  allied  to 
hydropbane,  and  often  associated  with  it ; occurs  in  loose  masses  in  the  river  Cach  in 
Bucharia. — 9,  Opal-Jasper  is  a variety  containing  several  per  cent,  of  iron. — 10,  Stlicious 
sinter  is  a loose  silicious  aggrt^gate  deposited  by  the  Geysers  of  Iceland,  where  it 
presents  porous,  stalactitic,  fibrous,  cauliflower-like,  and  occasionally  compact  concre- 
tions, called  geyseriU  by  Damour. — 11.  Pcarl-sinUr  or  FioriU  occurs  in  the  cavities  of 
volcanic  tufa,  in  smooth,  shining,  globular  and  botryoulal  masses,  haring  a pearly  lustre. 

— 12.  Micharlite,  from  the  island  of  St.  Michael  in  the  Azores,  is  a white  pearly  variety  ; 
specific  gravity  1*88. — 13.  Alwnocalcite  is  an  impure  opal  of  a bluish  milk-whit« 
colour  containing  6 per  cent.  lime. — 14.  Some,  if  not  all  the  silicious  deposits  formed  of 
infusorial  remains  also  consist  of  amorphous  soluble  silica  (some,  however,  likewise 
contain  quartz).  Randanite  {silicf  gelatineust\  occurring  as  a fine  earth  or  in  com- 
Twict  earthy  mosses  at  Cea^at  near  Pont  Gibaud  (Hep.  Puy-de-Dorae)  and  in  the  ueigh- 
tx)urhood  of  Algiers,  is  a variety  of  this  kind. 

Some  varieties  of  opal  are  found,  with  nlena  and  blende,  in  metalliferous  veins  ; it 
also  occupies  the  interior  of  fossils  in  sandstone.  Its  formation  is  due  to  the  solubility 
of  amorphous  silica  in  water,  especially  in  hot  water  or  water  containing  carbonic 
acid,  the  silica  being  dissolved  out  by  spring  waters  from  decomposed  silicates, 
and  deposited  under  favourable  circumstances  m a state  more  or  loss  approaching  to 
purity. 
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OFAX  AZiXiOFHAVlI«  Syn.  with  Schrottbbitb  {q.  — also  with  ehzysocolla 

ur  silicate  of  copper  (see  Slucates). 

OFBXOXZTX.  A name  applied  by  T.  S.  Hunt  (Sill.  Am.  J.  [2]  xxt.  217; 
Jahresb.  1859,  p.  785)  to  serpentine  (pure  ophiolite)  and  its  varieties  (see  obufbxtixb. 

OPBZT8.  Syn.  with  SuaPKimNB. 

OPBZTOirs.  This  name  is  applied  by  Corenwinder  (Jahrosb.  1847-8,  p. 
1279)  to  the  porphyry  of  Temuay,  a rodt  consisting  essentially  of  felspar  and  augite. 

OPZAMMOPTZ:*  See  Opiaxic  Acid,  Avides  of  (p.  206). 

OKAVZC  ACZ9.  C'*n“0*  = (Liebig  and 

Wohler,  Ann.  Ch.  Pharm.  xliv.  126. — Wohler,  ibid.  L 1. — Bl^th,  ibid.  1.  29. — 
Anderson,  Edinb.  PhiL  Trans,  xx.  [2]  347. — Matt  biessen  and  b os  tor,  Chem.  Soc. 
J.  xri.  345.)— An  acid  produced,  together  with  cotarnine,  by  the  oxidation  of  narcotine : 
C”H«NO»  + 0 « C»H»NO»  + 

Narcotine.  CotAmlne.  Opianic  acid. 

t.q.  the  action  of  sulphuric  acid  and  peroxide  of  maganese  or  peroxide  of  lead ; by 
the  action  of  boiling  nitric  acid ; by  boiling  bydrochlorate  of  narcotine  with  platinio 
chloride  and  water. — Also,  bv  boiling  teropiammone  (triopianamide)  with  potasb-Iey. 

The  following  is  the  mode  of  preparation  recommended  by  Matthiessen  and 
Foster:  100  grma.  of  narcotine  is  dissolved  in  a considerable  excess  of  dilute  sul- 
phuric add  (150  grms.  acid  and  1500  grms.  water) ; the  solution  is  heated  to  boiling, 
and  loO  grms.  of  finely  powdered  black  oxide  of  manganese  (containing  60  percent, 
real  peroxide)  is  added  as  quickly  as  possible,  care  being  taken  that  it  does  not  cause 
the  liquid  to  froth  over;  when  the  whole  quantity  of  peroxide  has  been  added,  the 
miiture  is  quickly  filtered  through  a funnel  surroundcnl  with  boiling  water.  The  fil- 
trate on  cooling  becomes  half  solid,  from  separation  of  crystals  of  opianic  acid ; and  by 
twice  recrystallising  this  product  from  boiling  water  it  is  obtained  nearly  pure,  though 
itill  retaining  a slight  brownish  colour,  from  which  it  may  be  freed,  if  necessary,  by 
boiling  with  dilute  hypochlorite  of  s^ium,  and  decomposing  the  resulting  solution 
with  hydrochloric  acid.  The  opianic  acid  is  then  deposited  as  the  liquid  cools,  and 
may  be  recrystalUsed  from  boiling  water. 

Opianic  acid  crystallises  in  thin  prisms,  often  radiating  and  interlaced. 
It  it  colourless,  has  a bitter  taste  and  slight  acid  reaction,  dissolves  sparingly  in  cold, 
euilv  in  boiling  water,  also  in  alcohol  and  in  ether.  It  melts  at  140^^  without  loss  of 
weight,  and  is  not  volatile;  but  if  more  strongly  heated  in  a retort,  it  creeps  up  the 
tides  and  may  thus  be  distilled  without  actually  volatilising.  When  heated  lu  contact 
with  the  air,  it  gives  ofif  aromatic  vapours  which  smell  like  vanilla,  and  bum  with  a 
tmoky  fiame. 

Opianic  acid  sufiTers  a remarkable  change  under  the  influence  of  heat.  The  melted 
tcid  remains  soft  and  transparent  for  some  time  after  cooling,  but  ultimately  loses  its 
tran.«parencT,  and  becomes  bard  and  milk-white.  In  this  state  it  has  the  same  composition 
«s  the  crystallised  acid,  but  differs  from  it  considerably  in  its  properties,  being  insol- 
aUe  in  water  and  alcohol,  and  even  in  dilute  alkalis,  dissolving  only  after  prolonged 
boiling  with  caostic  potash. 

Drcompontio7u.~~\.  Opianic  acid  heated  with  nitric  acid,  piatinic  chloridr,  or  sui~ 
^ttric  acid  and  peroxide  of  lead,  is  converted  into  hemipioic  acid, 

Z When  it  is  mixea  with  a large  excess  of  potash-ley,  and  evajwrated  nearly  to  dryness, 
it  is  resolved  into  hemipinic  acid  and  meconin:  2C‘*H**0*— C'*H‘*0‘+ C**H‘*0* 
(Matthiessen  and  Foster). — 3.  By  the  action  of  nascent  hydrogen,  as  when  its 
A^af'ous  solntion  is  wanned  with  todium-amalyanij  it  is  converted  into  meconin 
(Matthiessen  and  Foster): 

-I-  H»  - + H»0. 

i.  When  fu-sed  in  a current  of  dry  chlorine,  it  gives  off  hydrochloric  acid,  and  yields 
yellowuh-red  resinous  products  (Wohler). — 5.  When  heated  with  throe  or  four  times 
Its  weight  of  strong  hydrochloric  acid,  either  to  100®  in  a sealed  tube,  or  to  the  boiling 
point  of  the  acid  in  an  open  vessel,  it  is  decomposed,  with  evolution  of  methylic  chloride 
and  carbonic  anhydride,  and  formation  of  an  acid  comaining  C*UK>*  (Mattthieasen 
and  Foster) : 

■¥  HCl  = C*H“0‘  + CH>C1. 

6.  A Kunilar  decomposition  appears  to  take  place  when  opianic  acid  is  boiled  with 
faming  kydriodic  acid,  methylic  iodide  being  given  off  without  separation  of  iodine 
(Matthiessen  and  Foster). — 7.  un'd  dis&olves  opianic  acid,  producing 

opiano-BuIphurous  acid. — 8.  The  aqueous  solution  of  opianic  acid  does  not  appear 
to  be  altered  by  stdphydric  acid  at  the  boiling  heat,  but  on  cooling  to  70°  it  is  coo- 
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T^^rted  into  iulphopianic  acid,  without  formation  of  any  other  product 

(Wohler). 

+ H>8  « C'»H>*SO*  + HK). 

OpiAKATsa  C'*H*M(y  or  according  to  the  atomicity  of  the  metal. 

A boiling  solution  of  the  add  decomposes  the  carbonates  of  barium,  calcium,  lead  and 
silver,  forming  crystallisable  salts. 

The  nmmonium‘ScUt  is  obtained  in  large  tabular  crystals  by  spontaneous  eraporation 
of  a mixture  of  alcohol  and  a saturated  solution  of  optanic  acid  iu  ammonia.  The 
ammouiaciil  solution  unmixed  with  alcohol  yields  by  evaporation  an  amorphous  trans* 
panmt  mass,  which  dissolves  but  partially  in  water,  leaving  a residue  of  opiammone 
(wVi.  in/.). 

The  harium-saU,  C”H'*Bba"0‘*.2H*0,  forms  radiate  prisms  which  effloresce  with 
loss  of  6 per  cent,  water  (b  2 at.).  The  calcium-salt  is  soluble  and  crystallisable. 
The  lead-salt,  C**H’*Ppb"0‘*.2H*0,  forms  shining,  transparent,  mammelJate^,  sparingly 
soluble  crystals,  which  melt  at  150^,  and  begin  to  decompose  at  18U°.  From  hot  solu- 
tions it  sometimes  crystallises  in  tuits  of  small  silky  prisms  which  are  anhydrous.  It 
is  soluble  in  alcohol.  The  silver-salt,  C'*H*AgO*  xH*0,  crystallises  in  transparent 
shortened  prisms,  which  appear  yellow  in  mass.  They  give  off  their  water  at  100®, 
and  melt  with  decomposition  at  200®. 

Opianate  of  Kthyl.  Optanic  Ether.  C'*IP(C*n*)0*. — Formed  bypassing  sul- 
phurous acid  into  a hot  alcoholic  solution  of  opianic  acid,  and  deposited  from  the 
concentrated  liquid  in  tufts  of  small  prisms  or  in  spherules  (W ohler).  Or  it  may  be 
produced  by  heating  opianic  acid  with  alcoholic  hydrochloric  acid  to  100®  in  a sealed 
tube,  precipitated  by  pouring  the  coutents  of  the  tube  into  water,  and  obtained  by 
cr^'stallisHtton  from  alcohol  in  hemispherical  masses  of  brilliantly  white  radiating 
needles  (Matthiessen  andF'oster).  It  is  inodorous,  but  has  a sbghtly  bitter  taste; 
is  insoluble  in  water,  but  dissolves  ea.sily  in  alcohol  and  ether;  melts  at  92® 
(Wohler) ; at  88®  (Matthiessen  and  Foster),  and  solidifies  ina  radiated  mass  on 
cooling.  It  may  be  sublimed  between  two  watch-glasses.  When  heated  some  degrees 
above  its  melting  point,  it  remains  for  a long  time  soft  and  amorphous  ; it  bears  a high 
temperature  without  decomposition.  (W d h 1 e r.) 

By  boiling  with  water,  it  is  slowly  converted  into  alcohol  and  opianic  acid,  more 
quicjdy  by  potash.  It  is  not  attack^  by  ammonia  in  the  cold.  (Wohler.) 

Acids  derived  from  Opianic  acid. 

OpiAifO-srLPHUBorsAciD,  C’*H*SO*  ? ( W ohler,  loe.  cit. ) — This  acid,  obUiined 
by  evaporating  a solution  of  opianic  acid  in  hot  aqueons  sulphurous  acid,  is  a transparent, 
crystalline  mass,  which  dissolves  the  carbonates  of  barium  and  lead,  forming  crystallised 
salts. — The  hariumsalt  forms  shining  colourless  rhomboTdal  tablets  wiiich  give  off 
water  and  Ik^d  to  decompose  at  140®. — The  lead-salt  crystallises  in  four-sided  prisms 
with  dihedral  summits  and  having  their  lateral  edges  replaced  by  broad  faces,  so  that 
the  crystals  appear  hexagonal  They  give  off  6 5 per  cent,  that  is,  half  of  their 
water  of  crystallisation  at  130®,  the  rest  with  slight  dceomposttion  at  170®.  The  crys- 
tallised salt  gave  by  analysis  29  23  per  cent,  carbon,  3 00  hydrogen,  8*10  sulphur,  and 
26  67  lead-oxide,  agreeing  approximately  with  the  formula  C'*H’PbSO*  3H*0  (mJ. 
Gerhardt,  Traite,  iv.  87). 

SuLPHOPiANic  Acid,  produced  by  the  action  of  sulpbydric  acid  on 

opianic  acid  (p.  205),  forms  delicate  yellow  prisms  which  sofl»*n  below  100®,  and  l>ecome 
completely  fluid  at  the  temperature  of  boiling  water,  forming  a pale  yellow  oil  which 
on  cooling  solidifies  in  a transparent  amorphous  mass.  This  acid  gives  by  analysis  52'4 
— 63*0  per  cent,  carbon,  4‘2  hydrogen,  and  14*3  sulphur,  the  formula  requiring  531  C, 
4-4  II,  141  S and  28'4  0.  (\Vohler.) 

The  acid  decomposes  above  100®,  and  when  calcined,  takes  fire  and  bums  with  a 
8u]phurou.s  flame. 

The  amorphous  acid  dissolves  in  alkalis,  and  the  solution  of  its  ammonium-salt 
forms  with  lead-  and  silver-salts,  precipitates  which  are  easily  decomposed  when  heated 
in  the  liquid. — The  behaviour  of  the  ciystallised  acid  with  bases  has  not  been 
examined. 

OPXAJrZC  ACZ1>,  AMZBB8  01*«  Two  of  these  bodies  are  known,  viz. ; 

Diopianylamide  lc«n'>NO*  = N - 2C‘H''0‘  + NIP  - 2n*0. 

or  Upiammone  ) 11  ^ 

~ (C"H*0')*N.H>0  - 3C'*H"0*  + NU*  - 211*0. 
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Both  th»e  compotmdfl  are  resolred  by  alkalifl  into  opianic  acid  and  ammonia,  but  only 
the  fint  appears  to  be  producible  by  the  dehydration  of  opianato  of  ammonium. 

Opiamhoxx,  — A solution  of  opianic  acid  in  ammonia  leares,  when 

enporated  at  a rery  gentle  heat,  an  amorphous  transparent  mass,  which  b^mes 
raili'White  when  treated  with  water  and  dissolxes  but  partially,  leaving  opiammone. 
The  dried  residue  may  be  completely  converted  into  this  compound  by  heating  it  to  a 
temperature  a little  aoove  100*^,  as  long  as  ammonia  is  given  ofT,  and  the  product  may 
be  fired  from  the  last  traces  of  opianate  of  ammonium  by  boiling  with  water. 

Opuamone  is  a j^e  yellow  crystalline  powder,  insoluble  in  cold  uxiter,  and  but 
little  attacked  by  boiling  water ; but  when  heated  with  water  to  150^  in  a sealed  tube 
it  dissolves  completely,  as  opianate  of  ammonium.  When  heated  it  creeps  along  the 
sides  of  the  vessel  without  subliming,  but  if  strongly  heated  in  contact  with  air,  it 
decomposes.  It  is  not  altered  by  heating  with  dilute  acids.  Caustic  potash  slowly 
converts  it,  with  evolution  of  ammonia,  into  opianate  of  potassium,  and  the  potassium* 
salt  of  another  acid  not  yet  analysed,  which  Wohler  designates  by  the  name  x ant  ho* 
penie  acid.  On  adding  hydrochloric  acid  to  the  solution,  xanthopcnic  acid  is  precipi* 
tated  in  yellow  flakes  and  the  remaining  liquid  deposits  crystiUs  of  opianic  acid. 
(Wohler,  loc.cit.) 

Tibopiammonb,  C**H*N0'*,  is  produced  bythe  action  of  dilute  nitric  acid  upon  nar- 
eotbe ; DO  other  mode  of  preparing  it  has  yet  been  discovered.  It  ciystallises  in  slender 
colourless  needles,  insoluble  in  teatrr,  sparingly  soluble  in  cold  aU'ohol,  rather  more  in 
boiling  alcohol,  very  sparingly  in  ether.  It  is  decomposed  by  nitric  but  not  by  hydro- 
chloric add.  Strong  sulphuric  acid^  dissolves  it  in  the  cold  with  yellow  colour,  but  on 
heating  the  solution,  it  assumes  a fine  crimson  tint.  It  is  not  attacked  by  ammonia. 
Boiling  potash  eliminates  ammonia  and  converts  it  into  opianate  of  potassinm. 
(Anderson.) 

OVlAirXC  BTBSB.  See  p.  206. 

OVXAJrXVEf  A base  resembling  narcotine,  found  ^ Hinterberger  (Ann.  Ch. 
Pbarm.  Ixxvii  207 ; Ixxiii.  319)  in  some  specimens  of  E^ptian  opium.  It  was  pre- 
cipitated by  ammonia  from  the  aqueous  extract  together  with  morphine,  and  on  dis- 
lolving  this  precipitate  in  alcohol,  the  opianine  crystallised  out  first  in  laige  right 
ihorabic  prisms,  which  yielded  by  analysis  63'0  per  cent  carbon,  67  hydrogen,  and 
4 3 (mean)  nitro^n,  whence  Hinterberger  deduces  the  formula  requiring 

631  carbon,  6*8  ^dre^en  and  4*6  nitrogen.  In  one  analysis  however  (by  combustion 
with  soda-lime),  Hinterberger  found  only  2*2  per  cent  nitrogen,  and  accordingly  gave  at 
first  the  formula  Anderson  (Ann.  Ch.  Pharm,  xeviii.  60)  deduces 

from  the  same  data  the  formula  C**H*'N  0**.  Gerhardt(  Traiti,  i v.  68 ) and  W e 1 1 z i e u 
(Oryas.  Verbind.  p.  667)  doubt  the  existence  of  opianine  as  distinct  from  narcotine. 
OpisDise  forms,  according  to  Hinterberger,  a cMoromercurate  containing 
BQJigCl,  (3«  &melin'a  Handbook^  xvi.  66.) 

OFXAMO-mUXimOVB  ACZS.  See  p.  206. 

onASTTX.  — A radicle  which  may  be  supposed  to  exist  in  opianic 

arid  and  its  derivatives.  Anderson  applies  the  name  to  m(*conin, 

OVItTBC.  This  valuable  drug  ia  the  dried  juice  obtained  from  the  unripe  capsules 
of  the  white  poppy  {Papawr  somnif(Tum\  a plant  extensively  cultivated  for  the  pur- 
poM  is  Asia  ])^nor,  ^gypt,  and  Hindostan.  Persia  and  Algeria  likewise  produce 
opium,  and  the  plant  has  been  cultivated,  but  not  with  very  satisfactory  results, 
in  vuioos  rarts  of  Europe.  The  European  markets  are  supplied  chiefly  from  Asia 
Minor  and  Egypt,  the  opium  from  the  former  locality,  called  Turkish  or  Smyrna  opium, 
bring  the  best,  that  is  to  say  the  richest  in  morphine.  East  Indian  opium  is  chiefly 
exported  to  China.  The  opium  is  extracted  by  making  incisions  in  the  capsules  just 
afif  r the  petals  have  fallen  off.  A milky  juice  then  exudes  which  soon  concretes ; it  is 
left  to  dry  over  night,  then  removed  with  a blunt  knife  and  kneaded  with  water  into 
cakes,  which  are  then  further  dried.  As  thus  prepared,  it  is  brown  and  somewhat  hard, 
bus  s bitter,  acrid,  nauseous  taste,  and  a peculiar  sickly  odour.  It  softens  with  the 
heat  of  the  band  ; when  more  strongly  heated  it  takes  fire,  but  does  not  bum  readily. 
For  further  particulars  respecting  the  preparation  and  properties  of  opilum,  s<*o 
Pereira’s  Matrria  Medica;  also  a paper  by  Dr.  Eatwell  in  the  Pharmaceutica 
Journal  for  1862.] 

Opium  is  a very  complex  substance  containing  several  alkaloids,  two  or  three  orcunic 
•rids,  and  several  neutral  organic  substances  b^des  inorganic  salts.  The  following  is 
• list  of  its  peculiar  constituents : 
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Aeidt  and  Semtrai  Smttttneet, 

Name. 

Ditcovtred  bf 

Narcotine 

Morphine 

C«>deine 

Narceine 

Pseudomorphine  ? 
Thebainn  | 

Papaverine 

Opianine? 

Derosne  in  1804 

Sertiimer  „ 1804 

Hobiquet  „ 1833 

Pelletier  „ 1833 

Pelletier  1835 

yj,  1835 

and  t ouerbe ) ’♦ 
Merck  „ 1840 

Hinterberger  „ 1861 

Meconic  acid 
Oily  acid  (Opium-fat) 
Opium-resin 
Meconin 
Porphyroxin  ? 
Thebolactic  acid? 

Sertiimer  in  1804 

Pelletier  „ 1833 

Pelletier  „ 1833 

Dublanc  „ 1833 

Merck  „ 1837 

T.&H.Smith„  1862 

All  the  alkaloids  in  the  preceding  list,  except  papaverine  and  th^ine,  have  been 
already  described ; the  existence  of  pseudomorphine  and  opianine  is  very  donbtful 
(seeiii.  1051  and  iv.  208).  The  following  table  exhibits  a genex^  view  of  the  reactions  of 
the  opium>alkaloids  with  Tarious  solvents : 

SolubUity  of  Opium-alkalotdt. 


NW9M> 

Pomula. 

a«aetloB  with 

rataO 

Jlrwhol. 

KOtr. 

r«ta<A. 

Iforphlue. 

C»:H»N0>. 

Very  •paringly 
soluble. 

Moderately 

soluble. 

Nearly 

Insoluble. 

Soluble 
in  excess. 

Codeioe. 

Soluble. 

Very  soluble. 

Very 

Insoluble. 

Insoluble  in 
strong  potash. 

Tbebaine. 

Ci*H>'N05. 

Insoluble. 

liable. 

Soluble. 

Soltibla  in 
dilute  potash. 

Papaverine. 

Soluble. 

Soluble. 

Insoluble. 

Nareloe. 

C»H»NO». 

Very  sparingly 
soluble. 

Soluble. 

Into  ble. 

Soluble  in 
dilute  potash. 

Narcotioe. 

C«H»NOt 

Nearly 

Insoluble. 

Soluble. 

Soluble. 

Insoluble. 

Mecemic  acid  and  meconin  have  been  already  described  (iii.  859,  861).  Pelletier’s 
opiumfat  and  opium-rcein  will  be  described  further  on. 

Porphyroxin  is  the  name  given  by  Merck  (Ann.  Ch.  Phann.  xxi.  201)  to  a neutral 
crystalline  substance  which  he  obtained,  to  the  amount  of  A per  cent,,  from  East  Indian 
and  Smyrna  opium  ; but  its  existence  is  not  well  established.  Anderson,  who  sought 
for  it  with  some  care,  was  unable  to  obtain  it. 

Thebolactic  acid  is  an  acid  isomeric  with  lactic  acid,  said  to  exist  in  Turkey  opium  to 
the  amount  of  2 per  cent,,  and  to  be  separated  from  the  impure  mother-liquors  of  mor- 
phine by  the  r^y  c^’stallisability  of  iu  calcium-salts.  Stenhouse  re^juds  it  as 
identical  with  lactic  acid,  but  some  of  its  salts,  especially  the  copper  and  morphine- 
salts,  are  said  by  its  discoverers  to  differ  in  character  from  the  corresponding  btctstes. 
The  ferric  salts  of  the  two  acids  are  likewise  said  to  differ  in  their  reaction  with  am- 
monia. Anderson  was  not  able  to  detect  the  existence  of  thebolactic  acid  in  opium. 

Opium  likewise  contains  giim,  caoutchouc  or  a similar  eubsbince,  vegetable  albumin, 
celluloee,  and  a volatile  odoriferous  principle.  Its  inorganic  constituents  are  potash, 
soda,  ammonia,  lime,  magnesia,  alumina  (?)  and  ferric  oxide,  combined  with  hydro- 
chloric, sulphuric,  phosphoric,  and  silicic  acids. 

The  proportions  of  these  several  constituents  vary  greatly  in  opium  from  different 
localities.  The  quantity  of  morphine,  on  which  the  commercial  vaJue  chiefly  depends, 
varies  from  3 or  4 to  14  or  15  per  cent,  Smyrna  opium  generally  contains,  in  the  dry 
state,  from  12  to  14  per  cent,  morphine  (Ouibourt);  Egyptian,  in  tire  dry  state,  from 
6 8 to  6-6  per  cent.  (Guibourt).  Merely  however,  found  6 to  7 per  cent,  in  tlie  undrieJ 
substance;  East  Indian  opium  contains  from  5'3  to  7*7  per  cent  (Ouibourt);  in  a 
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dnVd  sample  of  Persian  Opium  Guibonrt  found  11*37  percent,  morphine  and  8*1 7 uar« 
cotiiie.  Algerian  opium  containing  7*6  per  cent,  water  was  found  by  Aubergier(Ann. 
Ch.  Phys.  [3]  XX.  303)  to  contain  the  following  proportions  of  morphine:  opium  from 
white  poppies,  l*o2  to  8*57  per  cent.;  from  ml  poppies,  10*37  to  11*23  per  cent.; 
from  purple  poppies,  14*71  to  17*83  per  cent.  In  dry  opium  gathered  at  Erfurt 
from  th^  blue  poppy,  Biltz  found  16*6  and  20  per  cent.;  in  that  from  the  white 
poppy,  6*85  per  cent,  morphine.  French  varieties  when  dried  contain  on  the  average 
17*7  per  cent,  morphine  (maximum  22*9;  minimum  14*8)  (Guibourt).  Opium  col- 
leetwl  at  Brest  in  1852  contained  8*2  per  cent.  (Roux,  Compt.  rend.  xL  34);  that 
from  Amiens  in  1853  contained  14  75 ; and  that  from  the  same  place  in  1854,  conuine«l 
16  per  cent  morphine.  (Bescharmes  and  Benard,  Compt.  rend.  xl.  34. — Gmdin'i 
Handbook,  xvi.  415.) 

The  following  method  of  extracting  the  alkaloids  of  opium  and  determining  their 
relative  quantities  is  giv»*n  by  Anderson  (Chem.  Soc.  J.  xv.  448).  The  mor|»hine, 
codeine  and  moconic  acid  are  first  separated  by  the  Itobertson*Gregory  process 
which  conrists  in  treating  the  aqm^u.n  extract  of  opium  with  chloride  of  calcium, 
whereby  the  meconic  acid  is  precipitated  as  a calcium*salt,  while  the  bases  remain  in 
aidotion  as  bydrcchlorates,  among  which  the  morphine  and  codeine  salts  are  easily 
crystallisable  and  separate  from  the  concentrated  solution,  leaving  the  other  bases  in 
the  mother>liquor.  The  morphine  and  codeine  are  then  separated  by  ammonia  os 
ripfady  described  (iii.  1051). 

To  obtain  the  other  bases,  the  black  treacly  mother-liquor  is  diluted  with  water  and 
mixed  with  ammonia,  which  throws  down  a copious  dark  brown  pn^cipitate  consisting 
of  narcotine,  papaverine  and  thebaine,  accompanied  by  a small  quantity  of  codeine, 
and  contaminated  with  a brown  resinous  substance.  This  precipitate,  which  is  at  first 
quite  granubir,  runs  together,  if  allowed  to  remain  in  the  liquid,  into  a resi.ious  mass, 
whereby  the  mother-liquor  is  squeezed  out  of  it  as  effcetually  as  if  it  were  put  into  a 
powerful  press.  The  solution  of  this  pri»cipitate  in  boiling  spirit  deposits,  on  cooling, 
impure  crystals  of  narcotine,  which  may  be  purifi^nl  by  successive  cr}*staIli8ations, 
with  aid  of  animal  charcoal.  A further  crop  of  ciystals  is  obtained  by  distilling  down 
the  solution,  and  finally  there  remains  a black  mother-Iiquor,  from  which  thebaine  and 
psparerine  may  be  prepared.  For  this  purpose  water  is  added;  the  liquid  is  slightly 
acidulated  with  acetic  acid  ; the  n^sin  thereby  separated  is  filtered  off;  basic  acetate  of 
l(wd  is  then  added  to  the  filtrate  till  it  exhibits  an  alkaline  reaction  ; and,  the  precipi- 
tatebeing separated,  the  excess  of  lead  is  removed  by  sulphydric,  or  more  conveniently 
by  sulphuric  acid  ; ammonia  then  precipitates  the  thebaine,  still  mixed  with  resinous 
matters,  from  which  it  may  be  sepamted  by  cry'staliisation  from  alcohol ; it  can  then  be 
decolorised  by  animal  charcoal.  Papa'verinc  maybe  extracted  from  the  lead-pre- 
cipitate by  digesting  it  in  alcohol,  evaporating  the  liquid,  treating  it  with  hydrochloric 
acid,  filtering  from  resin,  concentrating,  and  leaving  tlie  solution  to  itself  for  some  time, 
when  the  sparingly  soluble  hydrochlonite  of  papaverine  slowly*  crystallises.  From  this 
ttlt  the  base  may  be  obtained  in  a state  of  purity  by  precipitation  with  ammouia  uud 
crystallisation  from  spirit. 

The  mother-liquor  from  which  the  precipitate  of  these  bases  has  been  separated  con- 
tains  narceine  and  meconin,  with  a small  quantity  of  papaverine.  On  concentrating  it, 
narceine  separates  in  abundance,  and  is  ea-sily  obtained  pure  by  washing  with  a 
small  quantity  of  cold  water,  and  crystallising  two  or  three  times.  After  concentrating 
the  liquid  till  the  narceine  is  completely  separated,  the  residue  is  repeatedly  agitated 
withjofits  volume  of  ether  at  26°,  which  extracts  meconin,  together  with  a little 
papaverine ; and  the  ether  is  distilled  oflffrom  the  extracts,  a brown  syrup  then  remain- 
ing. On  treating  this  syrup  with  hydrochloric  acid,  papaverine  dissolves,  an<l 
meconin  remains  in  the  form  of  a dark  grey  crystalline  powder,  which  may  bo  froi»d 
from  resin  by  repeated  crystallisation  from  boiling  water  with  addition  of  animal 
charcoal. 

For  Pelletie  r’s  method  of  separating  the  several  constituents  of  opium,  see  Gmeli»*s 
Handbook,  xvi.  420.  For  the  estimation  of  morphine  in  opium,  ibid.  p.  423,  or  this 
Dictionary,  iii.  1053. 

On  the  microecopic  appearances  of  the  several  constituents  and  medicinal  prepara- 
fioos  of  opium,  see  Deane  and  Brady  (On  MicroKopicKd  Rtsearch  in  rdation  to 
Pli^rmaty,  Chem.  Soc.  J.  xviii.  34);  also  Helvig  {Das  Mikroscop  in  dir  Toxirotogir, 
Maintx,  i»64). 

The  following  table  exhibits  the  composition  of  five  sorts  of  Smyrna  opium  as  deter- 
mined by  Mulder  (Handw.  d.  Chem.  x.  721). 
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OPIUM  FAT— OPODELDOC. 


AnalyttM  of  Smyrna  Opium, 


3Iorphine  , 

10-8 

41 

99 

2-8 

3-8 

Codeine  . 

07 

0-8 

0-8 

0-9 

0-6 

Narcotine 

6 8 

6-2 

9-6 

7-7 

6 5 

Narceine  . 

67 

7-5 

77 

9-9 

13-2 

Meconin  . 

0 8 

08 

0-3 

1-4 

0-6 

Meconic  acid  . 

61 

4 0 

7-6 

7-3 

6-6 

Pat  . 

2‘2 

1-4 

1-8 

4-2 

1-5 

Csioutchouc 

6 0 

5-0 

37 

3-8 

3-2 

Resin 

3-6 

20 

41 

2-2 

1-8 

dummy  extract 

25-2 

31-5 

21-8 

22  6 

25-7 

Gum 

10 

2-9 

07 

30 

0-9 

Vegetable  mucus 

191 

171 

21-1 

18-5 

180 

Water 

9-8 

12-2 

11-4 

13  0 

140 

Loss 

2-2 

2 5 

2 7 

3-6 

100 

100 

100-5 

100 

lOO 

In  these  analyses  the  proportion  of  narceine  appears  to  be  too  high;  possibly  th# 
thebaino  and  papaverine,  the  amounts  of  which  are  not  speci6ed,  were  weighed  with  it. 
The  following  analyses  are  by  Schindler  {loc.  cit,') : 


Morphine 

Codeine  ...... 

Narcotine 

Narceino  ...... 

Meconin  ...... 

Meconic  acid  ..... 

Peculiar  resin  ..... 

Vegetable  mucus,  caoutchouc,  acid  ) 
fat,  and  vegetable  fibre  ( 

Prown  acid  soluble  in  water  and  in  aleoholj 
Brown  acid  soluble  only  in  water,  and  gum 

Lime  , 

Magnesia 

Alumina,  ferric  oxide,  silica,  1 
calcic  phosphate  t 

Salts,  and  Tolatilc  oil  (about) 


Opium 

Opium 

Onium 

from 

from  Con« 

from 

, Smyrna. 

atantioople. 

Egypt. 

10-30 

4-60 

700 

0-2o 

0-52 

1-30 

3-47 

2 68 

071 

0-42 

008 

0-30 

4-70 

4-38 

10-93 

8-10 

26-26 

17-18 

1 04 

0-40 

40-13 

56-46 

0-40 

0-02 

0-07 

0-40 

0-24 

0-22 

0-36 

0 36 

96-76 

96-73 

OPXI7M  FAT.  Oily  acid  of  Opium.  C*II'*0? — This  substance,  discorered  by 
Pelletier,  is  obtained  by  repeatedly  digesting  opium-raarc  in  warm  alcohol  of  specific 
gravity  0'84,  filtering  each  time  after  cooling,  to  separate  the  deposited  caoutchouc,  and 
distilling  the  alcohol  down  to  three-fonrths,  filtering  again  to  remove  the  narcotine 
which  ciy'stallises  out,  evaporating  the  filtrate  to  diymess,  again  exhausting  the  residue 
with  hot  alcohol  of  specific  gravity  0*84,  and  repeating  these  operations  till  all  the 
narcotine  is  removed.  The  residue  left  on  evaporating  the  filtered  solution  is  then  ex- 
hausted with  boiling  water,  and  afterwards  with  ether,  which  takes  up  the  oily  acid, 
leaving  opium>resin  undissolved.  The  ethereal  solution  when  evaporated  leaves  the  oily 
acid  in  the  liquid  form,  but  still  slightly  contaminated  with  narcotine,  which  may  be 
removed  by  agitation  with  water  containing  a little  hydrochloric  acid ; the  fat  then 
floats  on  the  surface  and  may  be  skimmed  oK 

Opium-fat  is  generally  yellowish  or  brownish,  the  colour  being  probably  due  to  im- 
purities. It  is  soft,  almost  liquid,  has  a sharp  burning  taste,  and  an  acid  reaction  not 
removed  by  repeat^  washing.  It  dissolves  in  alcohol,  ether,  and  oils,  and  forms  soaps 
with  alkalis.  (Pelletier,  Ann.  Ch.  Pharm.  1.  276.) 


OPXUM-MASC.  The  residue  of  opium  left  after  removal  of  the  meconates  of 
morphine  and  codeine  and  other  salts  soluble  in  water. 

OFX01MC-A11SI1V.  C*H'*NO*? — This  substance,  the  preparation  of  which  has 
been  described  in  connection  with  opium-fat,  is  brown,  destitute  of  taste  and  odour, 
and  becomes  nearly  fluid  when  warmed.  At  a higher  temperature  it  swells  up 
strongly,  giving  off  large  quantities  of  empyreumatic  oil  and  combustible  gases.  It  in 
insoluble  in  w*ater.  soluble  in  alcohol  and  in  alkalis.  (Pelletier,  loc,  cit.) 

OFOBAXiSAllC.  with  Mecca  Balsam  (see  Bauuxs,  i.  495). 

OFOBS&XIOC.  Linimenium  snponato-camphoratum. — A solution  of  soap  in 
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2H 


alcohol,  vith  tho  addition  of  camphor  and  volatile  oils.  It  is  used  externally  againat 
rfanimatic  puios.  sprains,  bmises,  and  other  like  coinplaiutB. 

OPOPAWAZ.  A concrete  gnminy  resinous  juice,  obtained  from  the  roots  of  an 
Uffibelliferoos  plant,  the  Pastinaca  Opopanax^  L.,  Opopanax  Chironium,  Koch,  which 
poarf  spontaneously  in  the  warmer  countries,  and  bears  the  colds  of  our  climate.  The 
joice  is  brought  from  Turkey  and  the  East  Indies,  sometimes  in  round  drops  or  tears, 
bot  more  commonly  in  irregular  lumps,  of  a reddish-yellow  colour  on  the  outside,  with 
specks  of  white;  inwardly  of  a paler  colour,  and  frequently  variegated  with  large 
vhite  pieces.  It  has  a peculiar  strong  smell,  and  a bitter,  acrid,  somewhat  nauseous 
U£te.  Its  oonetituents  are,  resin  42  0 per  cent,,  gum  33*4,  ligneous  matter  9'8,  starch 
4'2,  malic  acid  2'8,  extractive  matter  1*6,  wax  0 3,  caoutchouc  a trace,  volatile  oil  or 
Io«3-9.  (Pelletier.) 

The  resin  of  opopanax  melts  at  100^,  decomposes  at  a somewhat  higher  temperature, 
and  contains,  according  to  Johnston,  63  2 — 64  0 per  cent,  carbon  and  67  hydrogen, 
agreeing  approximately  with  the  formula  (63-8  C,  6*4  H,  and  29*8  0). 

0P8ZMO8B.  BcudanPs  name  for  partially  altered  Fowlerite  from  Franklin,  New 
Jersey. 

ORAVOB.  See  CiTBrs  (i.  1002). 

OSAVOZTX«  See  Thobitk. 

ORCSXV.  C’H’NO*.  Uchen-red.  Flfchttmrotk.  (Robiquet,  Ann.  Ch.  Phys. 
[2]xlii.245;  Iviii.  320.— Heeren,  Schw.  J.  lix.336. — Dumas,  Ann.  Ch.  Pharra.  xivii. 
145.— Kane,  PhiL  Trans.  1840,  p.  285. — Laurent  and  Gei*hardt,  Ann.  Ch.  Phy«. 
[Sjixiv.  315.)— A compound  formed  from  orcin  by  the  action  of  ammonia  and  oxygen, 
it  is  prepared  as  follows : a small  dish  containing  powdered  orcin  is  phiced  above  a 
vfssel  coDtaining  strong  ammonia,  and  the  whole  is  covered  with  a bell-jar.  In  tho 
cnarse  of  24  hours  the  transformation  is  complete.  The  product  may  then  be  dis- 
K.Ired  in  water,  and  poured  into  a solution  of  hydrochloric  acid  which  precipitates  the 
orcein  in  red  Bocks,  of  a fine  red  colour.  Orcein  is  present,  together  with  other  colour- 
matters,  in  the  archil  of  commerce. 

Orcein  is  uncrystallisahle.  It  dissolves  sparingly  in  tvah-r,  imparting  however  its 
colour,  and  is  precipitated  from  tho  solution  by  neutral  salts.  It  is  very  soluble  in 
aicckoi,  forming  a deep  scarlet  solution  from  which  it  is  precipitated  by  water.  Itdis- 
solres  in  aqueous  fixed  alkalis  with  violet-red  colour:  the  amuumical  solution  is  of  a 
Tery  rich  pansy  colour.  Orcein  is  separated  by  acids  from  its  combinations  with  alkalis. 
ly’dpkiif  of  ammonium  destroys  the  colour  of  the  ammoniacal  solution,  prwlucing  a 
brownish-LLick  liquid,  which,  however,  recovers  its  red  colour  on  exposure  to  the  air. 

When  a piece  of  zinc  is  plunged  into  an  ammoniacal  solution  of  orcein  to  which  a slight 
‘‘xeesa  of  hydrochloric  acid  has  bet*n  added,  the  liquid  is  completely  decolorised,  un<l 
^Kea  mixrl  with  a certain  quantity  of  ammonia  deposits  a white  powder,  leucorccin, 
which  by  contact  with  the  air  soon  assumes  a deep  purple  tint. 

Orcein  mixed  with  water  or  dissolved  in  ammonia  is  converted  by  contact  with 
into  chi  oror  coin,  which  is  soluble  in  alcohol,  ether,  and  in  ammoniacal  water, 
eylouring  the  last-mentioned  liquid  brown. 

ORCHBTiTiA  WS£D8.  The  cylindrical  and  fiat  species  of  Rf>cceUa  used  in  the 
manufacture  of  orchil  and  cudbear  are  so  called  by  tho  makers  (see  Vre's  Diet,  of 
ArU,  ^c.,  iii.  311). 

OSCBZl.  Syn.  with  Abchil  (i.  355). — An  improved  mctho<l  of  preparing  this  dye, 
intnduced  by  Dr.  Stenhouse,  consists  in  treating  the  colour-yielding  lichens,  on  the 
*pot,  with  an  alkali  (potash  or  lime)  to  extract  tho  colouring  acids,  and  precipitating 
these  acids  with  hydrochloric  or  acetic  acid  ; they  are  thus  completely  separated  from 
the  woody  fibre  and  other  impurities. 

R^^pectiug  the  improved  orchil-dye  called  “French  Purple,**  see  DvRpfO  (ii.  356), 
«1»  Hofmann’s  Report  on  Chemical  ProdwtSy  <fc.,  in  the  hitirnaticnial  Exkil/ition  of 
lSC2,p.ll7. 

ORCUZS.  The  root  of  Orchis  /i/aca  contains  coumarin,  2*47  grammes  of  which 
may  be  obtained  a kilc^ramme  of  it.  (O.  and  C.  Bley,  Jahresb.  1857,  p.  484.) 

01U».  (Robiquet,  Ann.  Ch.  Phys.  [2]  xlii.  245;  Iviii.  320.— 

lisbig  and  Will,  Ann.  Ch.  Pharm.  xxvii.  147. — Dumas,  ibid,  xxvii.  140. — 
Hchunek,  ifdd.  xli.  159  ; liv.  269. — Gerhardt,  Compt.  chim.  1845,  p.  287. — 
Stenhouse,  Phil.  Trans.  1848,  p.  85  ; Ann.  Ch.  Pharm.  Ixviii.  93,  99  ; Proc.  Rcy. 
See.  xii.  263  ; Chem.  Soc.  J.  xvi.  327. — Do  Luynes,  Ann.  Ch.  Pharm.  cxxviii.  330  ; 
<^xx.  31. — Lampnrter,  ibid,  cxxxiv.  256. — Gm.  xii.  363.— Gerh.  iii.  810.) — This 
^nbstance,  discovered  in  1829  by  Robiquet  in  VariolaHa  dealhata,  appears  to  exist 
twidy  formed  in  all  the  lichens  used  for  the  preparation  of  archil  and  litmus.  It  if 
formed  artiflcUilJy : 1.  By  boiling  orscllic  acid  with  water,  and  therefore  also  by  boiling 
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lecanoric  (a-orsollic)  acid,  erytliric  acid  (erythrin),  picrocrytlirin,  or  evernic  acid,  with 
aqueous  alkalis,  these  latter  substances  (except  picroery  thrin),  being  first  converted  into 
orsellic  acid.  Its  formation  from  orsellic  acid  is  represented  by  the  equation, 

C"H»0*  « €’H»0*  + CO*; 

OrifUicucld.  OrciD.  ^ 

from  picroeiytlirin  by  the  equation, 

C'»H'*0'  + H»0  - C'H'*0*  + C’lI’O’  + CO*. 

Plcroerjlhrln.  Kryihro-  Orcin. 

m«iiniie. 

2.  By  the  dry  distillation  of  lecanoric  acid,  eiythric  acid,  evernic  acid  or  picroerythrin. 

3.  Together  with  paraoxybenzoic  acid,  by  melting  aloes  with  hydrate  of  potassium 
probably  thus : 

+ o « cn"o*  + C'H*o»  + CO*  + h*o. 

Alorrctic  Orcin.  I’arnnxjr* 

acid.  1>ctizoic  acid. 

A pound  of  aloes  thus  treated  yields  from  9 to  11  grammes  of  orcin.  (Hlasiwet  z and 
Barth,  Ann.  Ch.  Plmnn.  cxxxir.  287.) 

Preparation, — 1.  Dry  Variolaria  dralhata  is  exhausted  with  Ixiiling  alcohol : the  solu- 
tion freed  by  evaporation  and  cooling  from  the  resin  which  flcparates;  the  remaining 
lioui<l  evat>orated  to  an  extract ; and  this  extract  exhausted  with  water.  Theaqu»H>ua 
solution  evaporated  to  a syrup,  dejw^its  after  a few  days  crysUls  of  orcin,  which  may  l»e 
purified  by  reciystallisation  frorh  water,  with  addition  of  unimttl  charcoal,  during  which 
operation,  however,  the  charcoal  al«?orbs  a considerable  quantity  of  orcin.  (Robiquet.) 

2.  A roccdla  or  a Itcanora  is  macerated  with  milk  of  lime;  the  strained  liquid 
boiled  for  a few  hours  in  an  open  vessel,  and  evaporated  to  one-fourth  ; carbonic  acid 
gas  pasKo<l  through  it  as  long  as  a precipitate  of  calcic  carlx>nate  continues  to  form ; 
and  the  filtrate  evaporated  to  dryness  over  the  water-bath.  The  residue  is  boiled  with 
three  orfourlimesitsbulk  of  strong  alcohol;  the  solution  evaporated,  filtered  and  set  aside 
to  crystallise ; the  dark-coloured  ciyslals  arc  dried  after  thrw  or  four  days  l>etween  paj>er 
and  dissolvwl  in  three  or  four  times  their  volume  of  anhydrous  ether;  and  the  filtered 
solution  is  left  to  (>vaporato  in  vacuo.  The  large  six-sided  crysUils  thus  obtained  be> 
come  still  paler  by  ciy’stallisation  (Stenhouse).  This  method  is  well  adapted  for 
preparation  on  the  large  scale,  De  Luynes  recommends  heating  eiythric  acid  (the 
extract  of  IxocccUa  tinctoHa^  &c,)  with  lime  to  16U^  umler  pressure. 

Perfectly  colourless  orcin  may  be  obtained  by  the  following  methods:  3.  Orselbc  or 
eiythric  acid  is  Ix^ilcd  witli  water  for  half  an  hour  or  an  hour,  whereupon  a large 
quantity  of  carbonic  anhydride  is  given  off,  and  the  evaporated  solution  (mixed  perhaps 
with  animal  charcoal)  deposits  on  cooling  a large  quantity  of  colourless  crystals  of 
orcin  (Stenhouse). — 4.  Lecanoric  acid  (or  its  green  mother-liquor)  is  boiled  with 
strong  bary'ta-water;  the  bar^'ta  jirecipitated  by  carbonic  acid;  and  the  liquid  heated 
to  the  boiling  point,  then  filtered  and  left  to  evaporate.  The  ciystals  thus  obtained  are 
usually  coloured,  but  may  be  purified  by  boiling  with  aluminic  or  ferric  hydrate,  which 
takes  up  the  colouring  matter.  If  the  orcin  still  remains  coloured  it  must  be  distilled 
from  a retort,  the  distillation  being  interrupted  as  soon  as  the  orcin  vapours  begin  to 
carry  colouring  matter  over  with  them.  The  aqueous  solution  of  the  distillate  yields 
colourless  crystals  by  evaporation  (Schunck).  See  also  Lamparter  (Ann.  Ch. 
Pharm.  cxxxiv.  256). 

Properf/Vs. — Orcin  crystallises  from  its  aqueous  solution  evaporated  to  a syrup  in 
colourless  six-sided  monoclinic  prisms,  exhibiting  the  combination  cdP  . ooPco  . 
— poo,  sometimes  with  oP.  Angle  ooP  : oop,  in  the  orthofliagonal  principal  section 
*=  102°  24';  ctPoo  : oP  = 83°  57*;  »Poo  ; — Peo  *=  136°  16'.  Cleavage  parallel  to 
ooPoo.  The  crystals  are  very  soluble  in  umter  and  in  atcohol ; they  dissolve  also  in 
ether.  The  aqueous  solution  is  neutral  to  test-paper,  and  has  a strongly  saccliarine,  some- 
what nauseous  ta.‘<le.  The  crystals  deposited  from  it  contain  1 2 67  per  cent,  (1  at. ) water, 
which  they  give  off  entirely  in  vacuo  over  oil  of  vitriol,  or  at  the  temperature  of  the 
water-bath.  From  anhydrous  ether,  orcin  is  deposited  in  anhydrous  cryatals. 

Hydrated  orein  melts  Im*1ow  100°,  giving  offils  waterof  eiystallisation.  Anhydrons 
orciu  heated  quickly  to  290°,  distils  in  the  form  of  a syrupy  liquid,  which  gradually  ab- 
sorbs moisture  from  the  air  and  become.s  crystalline.  When  gently  heated  in  shallow 
vessels,  it  may  be  sublimed  in  needles.  Its  vapour-density,  according  to  Dumas’ 
determination,  is  5*7,  which  agrees  exactly  with  that  required  by  calculation. 

The  aqueous  solution  of  orciu  is  not  precipitated  by  mercuric  chloride,  neutral  acetate 
of  lead,  cupric  sulphate,  gelatin  or  tannin.  With  basic  acetate  of  lead,  however,  it  gives 
a white  precipitate  which  appears  to  contain  C*H*Ppb"0*.Ppb  "O ; and  is  likewise  pro- 
duced on  adding  nitrate  of  lead  to  an  ammoniacal  solution  of  orcin.  With  ferric  chloride^ 
it  forms  a dark  red  or  nearly  black  precipitate,  from  which  ammonia  extracts  orcin. 
It  does  not  precipitate  nitrate  of  silver  except  on  addition  of  ammonia. 
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M«lUd  ordxi  decomposes  dry  carbonate  of  sodium^  with  evolution  of  carbonic  anhy- 
driiia  Aqueous  orcin  added  to  a solution  of  nlicate  of  eodium^  precipitates  silica;  and 
& crystal  of  orcin  thrown  into  a boiling  solution  of  scdic  silicate  is  converted,  without 
alteration  of  form,  into  gelatinous  silica.  A concentrated  and  slightly  acid  solution  of 
ttlpkaU  of  tpiinine  or  cinchonine  becomes  turbid  when  mixed  withaconcentrated  aqueous 
•olutioD  of  orcin,  with  separation  of  an  oily  compound  of  the  base  with  orcin  which 
becomes  nearly  s<did  on  exposure  to  the  air.  (Do  Luynes.) 

Iheompoeitions.’^X.  Orcin  gradually  turns  red  in  contact  with  <w>,  especially  in 
snnligbt — 2.  Orcin  dissolves  in  nitric  acid,  and  on  heating  the  solution  nitrous  fumes 
are  evolved,  the  liquid  turning  red,  and  depositing  a red  resinous  substance  soluble  in 
alcohol  and  in  acids.  If  the  action  of  the  acid  be  prolonged,  the  product  is  wholly  con* 
vrrted  into  oxalic  acid.  Orcin  takes  fire  when  very  strong  nitric  acid  is  poured  upon 
it,  bat  when  it  is  gradually  added  to  cooled  fuming  nitric  acid,  it  dissmves  without 
evolation  of  red  vapours,  and  water  precipitates  from  the  solution  a red  mass  soluble 
ia  alkalis.  When  the  vapour  of  ordinary  nitric  acid  (of  40^  Bm.)  is  made  to  act  slowly 
apoD  orcin,  the  crystals  become  first  brown,  then  red,  and  are  converted  into  a colour* 
iog  matter  difierent  from  orcein.  This  red  product  is  soluble  in  water,  alcohol  and 
ether;  dyes  silk  and  wool  red  without  the  aid  of  a mordant ; is  coloured  transiently 
red  by  ammonia,  permanently  by  fixed  alkalis,  and  is  restored  to  its  original  light  red 
colour  by  the  action  of  acids.  Its  aqueous  solution  is  precipitated  by  comznon-^t,  but 
the  colouring  matter  redUsolves  in  water  after  the  salt  has  been  washed  out. 

3.  Orcin  heated  with  solution  of  acid  chromate  of  potassium,  yields  a brown  sub* 
Haoce  whoso  decomposition  is  accelerated  by  addition  of  sulphuric  acid. — 1.  Solution  of 
chloride  of  lime  colours  orcin  deep  violet,  the  tint  gradually  chanmng  to  brown,  and 
olUoutely  to  yellow. — 5.  The  aqueous  solution  of  orcin  mixed  with  caustic  potash  or 
quickly  attracts  oxygen  and  acquires  a red  or  brown  colour. — 6.  l)ry  ammonia 
is  absorbed  by  orcin -in  laiwo  quantity,  but  is  given  off  again  on  exposure  to  the 
air.  When  orcin  is  placed  under  a bell-jar,  tc^etber  with  a basin  containing  aquious 
tictfnonia,  it  gradoally  turns  dark  brown,  and  is  converted  into  orcein  (p.  211^ 

C'HK)*  + NH*  + 0*  - C>H»N0*  + 2H*0. 


7.  The  precipitate  which  orcin  forms  with  ammonio‘nitra(e  of  silver  is  reduced  by 
boilioj^  with  formation  of  a silver  speculum,  the  liquid  at  the  same  time  turning  red.~ 

8.  Tri~ckloride  of  gold  is  reduced  by  aqueous  orcin,  slowly  in  the  cold,  immediately 
vben  heated,  a dark  brown  powder  separating  at  the  same  time.  (Schunck.) 

9.  Orcin  heated  to  60° — 80°  with  strong  sulphuric  acid  is  partly  converted  into 
orein>solphuricacid,  C^H*S*0*.  On  diluting  the  resulting  black  liquid  with  water, 
Mtorating  with  carbonate  of  lead,  and  quickly  evaporating  over  the  water-bath,  a crys* 
Ulliae  ipww  is  obtained  consisting  chiefly  of  unaltered  orcin ; and  when  this  is  re- 
moved by  digestion  with  ether,  a residue  is  left,  the  hot  aqueous  solution  of  which 
Mturated  with  carbonate  of  lead  and  filtered,  deposits  after  a few  hours,  brownish, 
uscTeous,  rectangular  laminee,  consisting  of  basic  orcin-sulphate  of  lead,  C’U*Ppb"S’0*. 
Pph^H'D^.^U^O.  The  mother-liquor  of  these  cirstals  yields  a second  salt  in  micro- 
scopic prisms,  containing  2C^H*Ppb"S*0*.Ppb"iP0’.6H*0.  (Hesse,  Jahresb.  1861, 
^70l.) 


8uhstitution>derivativca  of  Orcin. 

Orcin  forms  substitution-derivatives  with  chlorine,  bromine,  and  iodine.  The  chlo- 
riaated  and  brominated  compounds  are  obtained  by  the  direct  action  of  chlorine  and 
briioine  on  orcin,  the  iodine-compound  (C*H*1*0*)  by  the  action  of  trichloride  of  iodine  i 
iodine  itself  does  not  act  upon  orcin. 

Bromorcin.  CTHHlrO*.  (Lamparter,  Ann.  Ch.  Phorm.  cxxxiv.  268.)— Obtained 
by  adding  bromine-water  to  aqueous  orcin,  so  long  as  little  or  no  precipitate  is  thereby 
produced,  or  better,  by  mixing  the  two  liquids  in  quantities  containing  2 at.  bromine 
to  I at.  orcin.  The  resulting  solution  yields  by  evaporation  hard  anhydrous  rhombic 
crystals  of  bromorcin,  which  may  be  purified  by  recrystallisation  from  water. 

Bromorcin  is  moderately  soluble  in  hot,  less  soluble  in  cold  water,  extremely  sol- 
uble in  alcohol  and  ether.  Caustic  potash  dissolves  it  with  decomposition  and  brown 
coloration.  It  melts  at  136°,  b^ins  to  sublime  below  100°,  and  decomposes  at  higher 
temperatures.  When  mixed  with  basic  acetate  of  lead,  it  yields  a white  precipitate, 
from  which  it  ia  separated  in  its  original  state  by  sulphydric  acid, 

Tiibromorcln.  C’II*Br*0*  Bromorci'id.  (Stenhouse,  Phil.  Trans.  1848,  p.  87. 
—Laurent  and  Gerhard t,  Ann.  Ch.  Phys.  [3]  xxiv.  317. — Lamparter,  Ann.  Ch, 
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tlie  same  compound  is  obtained^  uncontaminated  with  r^iu,  tta  a nearly  colourIcM 
cryatalline  precipitate,  which  may  be  further  purified  by  recryatalliaation  from  weak 
epirit  (Lampartcr).  It  is  also  produced  by  the  action  of  bromine  on  orsellic  acid. 
(Hesse,  Ann.  Ch.  Pharm.  cxrii.  297.) 

Tribromorcin  crj'slallises  in  fine  colonrless  silky  needles  (Lamparter),  in  reddish- 
white  prisms  (Hesso).  It  melts  at  103®  (Lamparter) ; at  98®  (Hesse).  It  is  insol- 
uble in  u>atcr,  very  soluble  in  alcohol  and  ether.  It  decomposes  at  high  temperatures, 
giving  oif  hydrobroraic  acid,  and  yielding  an  oily  distillate  which  Bolidifies  on  cooling, 
together  with  a copious  residue  of  charcc^  Potcuh  poured  upon  tribromorcin  colours 
it  deep  yiolct-brown,  and  on  diluting  with  water,  the  whole  mssolves  with  brownish- 
red  colour.  Ammonia  does  not  pr^uce  this  coloration.  Acid*  destroy  the  colour  of 
the  potassic  solution. 

Tribromorcin  treated  with  bromine  yields  an  easily  fusible  resinous  mass  having  an 
extremely  disagreeable  pungent  odour,  and  prol>ably  identical  with  the  resinous  body 
obtained  by  Stenhouse,  and  by  Laurent  and  Gerhardt  in  the  preparation  of  tribro- 
morcin. 1 at.  orcin  treated  with  4 at.  bromine  also  yields  a black  resinous  mass. 
(Lam  parter.) 

Trtoblororoln.  C’H*C1*0*.  CA/oror«i</  (Schunck,  Ann.  Ch,  Pharm.  liv.  271. 
— Stenhouse,  Phil.  Trans.  1848,  p.  88. — DoLuynes,  Ann.  Ch.  Pharm.  exxx.  34). — 
Stenhouse  and  Schunck,  by  treating  orcin  with  chlorine  gas,  obtained  a crystalline 
chlorinated  compound  contaminated  with  a dark  brown  resin,  somewhat  difficult  to 
separate ; the  crystalline  product  was  not  analysed.  De  Lnynes,by  treating  orcin  with 
hydrochloric  acid  and  chlorate  of  potassium,  obtains  a product  having  the  same  physical 
properties,  uncontaminated  with  resin,  and  exhibiting  % analysis  the  compoeition  of  tri- 
chlororcin.  It  is  soluble  in  boiling  ira^cr,  and  in  alc^^hol^  from  which  it  crystallise* 
in  colonrless  m-edles ; melts  at  about  169® ; volatilises  partially  without  docomposition ; 
dissolves  in  alkali*  ; does  not  precipitate  an  alcoholic  solution  of  silver-nitrate. 

Tii-lodorcin.  C'H'PO*  (Stenhouse,  Chem.  Soc.  J.  xviL  327). — Produced  by 
the  action  of  trichloride  of  iodine  on  aqueous  orcin.  The  trichloride  is  added  to  the 
dilute  aqueous  solution  in  quantity  not  quite  sufficient  to  precipitate  the  whole  of  the 
orcin ; the  brownish-yellow  adhesive  muss  which  collects  at  the  bottom  is  washed  with 
water,  drit'd,  and  dissolved  in  sulphide  of  carbon  ; and  the  solution  is  filtered  to  separate 
a dark  browm  resinous  substance  ; the  greater  part  of  the  sulphide  of  carbon  is  then 
removed  by  distillation,  and  the  crystals  obtained  on  the  cooling  of  the  solution  are 
drained  from  the  dark  mother-liquor,  washed  with  a small  quantity  of  cold  sulphide 
of  ciirbon,  pressed  between  bibulous  paper,  and  twice  recrystallised  from  boiling 
spirit. 

Tri-iodorcin  (hu.«  obtained  crystallises  in  la^  transparent,  brittle  plates,  tinged 
with  brown,  and  somewhat  resembling  chloride  of  barium.  They  are  very  soluble  in 
sulphide  of  carbon,  still  mon>  so  in  ether,  moderately  soluble  in  alcohol,  insoluble  in 
water.  Heated  to  100®  they  grjidually  become  brown.  They  dissolve  in  canstie 
alkalis,  decomposing,  however,  and  forming  deep  brown  solutions.  Strong  nitric  acid 
deiHimposes  them,  slowly  in  the  cold,  rapidly  on  heating,  with  evolution  of  nitrons 
fumes  and  iodine  vapour.  Sulphuric  acid  does  not  act  upon  them  in  the  cold,  bat  on 
the  application  of  heat  the  crystals  char  and  give  off  vapour  of  iodine. 

Compound*  homologou*  voith  Orcin. 

Beta-oroln.  C*H'*0*?  (Stenhouse,  PhiL  Mag.  [3]  xxxiii.  300;  Ann.  Ch.  Pharm. 
Ixviii.  1 04  ).~This  compound  is  produced  from  usnic  acid,  by  the  action  of  heat  or  by  boiling 
with  caustic  alkalis  or  alkaline  earths.  Vsnic  acid  submitted  to  dry  distillation  yield* 
u sublimate  together  with  an  empyreumatic  liquid  and  a laige  carbonaceous  residue. 
On  treating  the  entire  distillate  with  water  and  evaporating  to  a syrup,  the  residue 
deposits  after  some  days  brown  crystals  of  l3-orcin,  which  may  be  purified  by  treatment 
with  animal  charcoal,  and  repeat<*u  cr}*stallisation  from  weak  spirit  The  treatment  of 
usuic  acid  with  alkalis  is  a less  advantageous  mode  of  preparation,  as  a considerable 
portion  of  the  product  is  then  converted  into  resin. 

Beta-orcin  forms  shining  crystals  belonging  to  the  dimetric  system,  and  often  of 
considerable  size.  Observed  combination  ocH  . P . JP  . oP  . oePoo  .Poo.  Angle 
iP:oP  = 130®  67';  P:oP  « 113®  27';  Poo  : oP  « 120°31';  P:  ooP  «.  166®  33'; 
Xp  : ocP  « 139®  3';  Poo  : ooPoo  = 148®  29'.  No  perceptible  cleavage  (Miller). 
It  is  moderately  soluble  in  cold  watcr^  but  less  so  than  orcin,  easily  soluble  in  boiling 
water,  also  in  alcohol  and  in  ether.  It  has  a slightly  saccharine  taste,  and  is  neutral 
to  reagents.  It  sublimes  unaltered,  easily  t^es  fire  and  bums  with  a smoky 
flame. 

Pried  in  vacuo,  it  gnve  by  nnalysis  68  84 — 69'20  per  cent,  carbon,  and  7*22—7*50 
hydrogen,  whence  Stenhouse  deduced  the  formula  C‘®H**0*,  requiring  68*68  C,  7*22  H, 
and  2410  O.  Gerhardt  {Traile,  iii.  321)  proposed  the  formula  C*H‘*0* (requiring 
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69  56  C,  7*24  H,  and  23*20  O),  according  to  which  the  componnd  ia  homologons  with 
Mcio,  and  metameric  with  aniaic  alcohoL  Strccker  (Ann.  Ch.  Pharin.  Ixviii.  114) 
tud  preriously  su^^ed  the  formula  2C”H**0*.3HK)  (requiring  687  C,  and  7*1  H), 
a^.'ording  to  which,  ite  formsition  from  usnic  acid  (supposing  the  latter  to  bo 
would  be  ropreaented  bj  the  equation  ; C‘*H'*0*  » + 2CO*. 

The  crystals  of  3-orcin  do  not  lose  anything  in  a vacuum  over  oil  of  vitriol ; but 
when  heated  over  the  water-bath,  they  give  off  a considerable  quantity  of  water.  They 
do  not  melt  at  109®. 

Bfta-orcin  treated  with  amTwmia  acquires  a splendid  red  colour  in  a few  minutes, 
the  effect  taking  place  much  more  quickly  than  with  orcin.  With  solution  of  hydrate 
or  carbonate  of  potaeeium,  it  forms  a substance  of  a fine  purple  colour.  Solution  of 
chloride  of  lime  colours  it  blood-red,  not  violet  like  orcin. 

The  alcoholic  solution  of  3-orcin  does  not  precipitate  silver-nitrate,  cither  pure  or 
mixed  with  ammonia,  nor  the  salts  of  barium,  lead,  iron,  or  copper.  It  does  not 
precipitate  neutral  acetate  of  lead,  but  with  the  basic  acetate,  it  forms  a copious 
precipitate  which  is  soluble  in  excess  of  the  lead-solution,  and  quickly  acquires  a deep 
rvd  colour  on  exposure  to  the  air. 

2.  Kesordn.  C*n*0*  (Hlasiwetz  and  Barth,  Ann.  Ch.  Fharm,  exxx.  354). — A 
compound,  isomeric  with  pyrocatechin  and  hydroquinone,  produced  by  the  action  of 
melting  potash  on  galbanum.  To  prepare  it,  the  resin,  freed  by  alcohol  from  its 
gummy  constituents,  U fused  with  2^  to  3 ptk  hydrate  of  potassium  till  the  mass 
bfcomes  homogeneous.  Water  is  then  added,  the  liquid  acidulated  with  sulphuric 
add,  and  filtered  when  cold ; the  filtrate  shaken  two  or  throe  timt's  with  ether;  tbo 
ethcral  solution  distilled ; and  the  residue,  after  being  evaporated  to  a certain  extent 
over  the  water-bath,  is  introduced  into  a retort  and  distilled  over  an  open  fire.  The 
first  portion  of  the  distillate  is  watery  and  contains  volatile  acids;  but  afterwards  an 
oily  liquid  passes  over  which  soon  solidifies  in  radiating  crystals.  The  product  may 
he  fre^  from  adhering  volatile  acids  by  dissolving  it  in  a sm  dl  quantity  of  warm 
water,  supersaturating  with  baryta-water,  and  again  agitating  with  ether.  On  remov- 
ing the  ether  by  distUiation,  there  remains  a sympy  residue  which  soon  crystallises 
and  may  be  further  purified  by  rodistillation.  The  treatment  with  baryta  may  be  dis- 
pensed  with  by  repeatedly  distilling  with  the  thermometer,  and  collecting  only  those 
portions  which  pass  over  between  269®  and  272®. 

Kesorcin  is  very  soluble  in  water,  a/coKol,  and  ether,  insoluble  in  sul|)liide  of  carbon, 
snd  in  chloroform.  It  crystallises  only  from  very  concentrated  solutions,  in  tabular 
crystals  or  short  thick  prisms  belonging,  like  orcin,  to  the  trimctric  system.  When 
recently  prepared  it  is  quite  colourless,  but  acquires  a faint  ri'ddish  tint  by  keeping  or 
by  exposure  to  the  air.  It  melts  at  99®,  and  begins  to  volatilise  at  a slightly  higher 
temperature;  boils  at  271'^,  and  distils  idmost  without  residue;  burns  with  a bright 
fiaiue.  It  has  a neutral  reaction  and  a strong  unpleasant,  sweet,  and  somewhat 
irritating  taste.  It  gives  by  analysis  66*1  and  05*5  per  cent,  carbon  and  5*7  hydrogen, 
the  formula  requiring  65'5  C and  5*5  H.  Vapour-density,  obs.  ~ 4*1;  calc.  3*8  (the 
rcfeilne  in  the  globe  was  dark  brown,  the  substance  having  been  partly  decomposed  by 
the  high  temperature  required). 

The  aqueous  solution  lorms  with  ferric  chloride  a dark  violet-coloured  liquid,  which 
00  addition  of  ammonia  deposits  ferric  oxide  and  becomes  colourless.  Chloride  of 
^tme  produces  a violet  colour  not  very  permanent.  The  solution  mixed  with  ammonia 
sod  exposed  to  the  air,  becomes  rose-red,  afterwards  darker,  and  ultimately  brownish. 
The  ammoniacal  solution,  evaporated  at  a gentle  heat,  dries  np  to  a dark  blue  mass, 
which  redissolves  in  water  with  blue  colour,  and  is  reddened  by  acids.  Resorcin  re- 
doevs  nitrate  of  silver  at  the  boiling  heat,  on  addition  of  ammonia.  Heated  with  an 
sikaline  cupric  solution,  it  throws  down  cuprous  oxide. 

Trihromo-resorcin,  C*H*Br*0*,  is  precipitated  on  adding  bromine-water  to  an 
|u^TieoQs  solution  of  resorcin,  in  small,  bulky,  interlaced  needles,  sparingly  soluble 
in  cold  water,  more  easily  in  boiling  water,  also  in  alcolioL 

Oftiouw.  A yellow  colouring  matter  contained,  together  with  bixin  (i.  600), 
in  annotto.  .It  is  soluble  in  water  and  in  alcohol,  slightly  soluble  in  ether,  and  dyes 
alumed  goods  yellow.  (Chevrenl.) 

O&BOBB&XV.  C’H*0^~A  substance  isomeric  with  benzoic  acid,  obtaincnl : 1.  By 
treating  hydroohlorate  of  athamantin  with  boiling  water ; sometimes,  however,  this 
process  yields  oreoselone  (Schnedermann  and  Winckler,  Ann.  Ch.  Pharm.  II. 
315). — 2.  By  the  action  of  alcoholic  potash  on  peucedanin  (Wagner,  J.  pr.  Chem. 
bdL  275): 

+ KHO  - C'HKP  + C*H»KO». 

PeucedsDln.  OrcoBsIlo.  AngeUte  of 

potAMium. 
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It  crystalHsea  in  fine  silky  needles,  slightly  soluble  in  cold  water,  very  soluble  in 
alcohol  and  ether,  also  with  yellow  colour  in  dilute  potash;  less  easily  in  ammonia,  tbs 
solution  yielding  a yellow  precipitate  with  acetate  of  lead. 

O&EOSS&OKll.  — This  body,  the  anhydride  of  oreoselin  (2C’H*0*  — 

H^O  = is  produced  by  the  decomposition  of  athamantiu  (Schnedermann 

and  Wincklcr,  1<jc.  cit.) : 

+ 2C*H'®0* 

Atbsmantiii.  Oreotelooe.  Valerianic 
acid. 

To  prepare  it,  hydrochloric  acid  gas  is  passed  orer  dry  athamantin  till  complete  lique* 
faction  takes  place  ; the  mass  is  lieat^  to  expel  valerianic  acid ; and  the  amorphous 
porous  mass  obtained  on  cooling  is  purified  by  crystallisation  from  boiling  alcohol,  in 
which,  however,  it  is  but  sliglitly  soluble. 

Oreoselone  crysUiUises  in  nodules  or  caulifiower-like  masses  composed  of  fine  needles 
grouped  concentrically.  It  is  tasteless  and  inodorous,  insoluble  in  water;  alkalis dis- 
solve  it,  forming  red  solutions  from  which  acids  precipitate  it  slightly  modified.  It 
melts  at  190^  to  a clear  liquid,  which  carbonises  at  a higher  temperature. 

OROASrZC  il3VR%78IS.  See  Axai.TSis,  Onoxiac  (i.  225). 

OROAmc  CHSMISTRT.  The  peculiar  character  of  the  chemical  compounds 
fonned  in  the  bodies  of  plants  and  animals,  and  the  failure  of  the  earlier  attempts 
to  produce  them  by  artificial  means,  led  to  the  erroneous  idea  that  their  formation 
w.as  due  to  u mysterious  power  called  *'  vital  force,”  supposed  to  reside  in  the  living 
organism,  and  to  govern  all  the  changes  and  processes  taking  place  within  it.  In  ac- 
cordance with  tliis  idea,  the  chemistry  of  organic  compounds,  including  those  which 
were  formed  by  artificial  processes  from  the  products  of  vegetable  and  animal  life,  wtis 
erected  into  a special  branch  of  chemical  science.. 

Later  researches  have  however  shown  that  a large  number  of  compounds,  formerly 
reganled  as  producible  only  under  the  influence  of  the  so-called  vital  force,  may  be 
formed  either  by  direct  combination  of  their  elements,  or  by  chemical  transformation 
of  inorganic  comj>ounds. 

The  first  step  in  the  formation  of  organic  compounds  from  their  elements,  was  made  by 
Wohler,  who  showed  in  1828  that  urea  can  be  produced  by  molecular  transformation  of 
cynnateof  ammonium.  This  experiment,  viewed  m conjunction  with  the  tact  subsequently 
established  by  Fownesin  1841, that  cyanc^n  can  beforraed  by  direct  combination  of  its 
elements  (ii.  198),  is  conclusive  oft  he  possibility  of  forming  a product  of  theliving  organism 
from  inorganic  materials.  At  the  time  «)f  Wohler’s  discovery,  however,  cyanogen  had 
not  been  obtained,  excepting  from  substances  originally  derived  from  the  vegetable  or 
animal  orginism,  and  accordingly  the  idea  of  the  peculiar  nature  of  organic  compounds, 
ns  o}i«entially  produets  of  life,  still  maintained  its  ground.  Even  in  the  first  volume  of 
Gmelin’s  Orgjmic  Chemistry  (published  in  1848)  we  find  it  stated  that  “the  l)odies  of 
the  orgunic  kingtlom  are  distinguished  from  those  of  the  inorganic  kingdom  by  their 
inherent  vital  force,”  although  in  the  course  of  the  same  volume,  several  instances  are 
m'Mitioned  of  the  formation  of  organic  compounds  from  inorganic  materials,  vir. -1.  The 
formation  of  cyanogen,  as  al>ove  mentioned,  by  passing  nitrogen  gas  over  a mixture  of 
olijircoal  and  pot^wsic  oarlvonate;  also  that  of  cyanide  of  ammonium  by  beating  a mix- 
ture of  sal-ammoniac,  plumbago  aud  lime  or  oxide  of  lead  ; — 2.  The  formation  of  oily 
nnd  mould-like  compounds  by  the  action  of  acids  on  carburetted  iron  ; — 3.  The  forma- 
tion of  the  acid  CIICPSO*  fn^m  the  compound  CCFSO*  (itself  produced  by  the  action 
of  chlorine  and  water  on  sulphide  of  carlx>n,  i.  776),  and  its  conversion  into 
by  the  action  of  reducing  agents. — 4.  The  formation  of  tetrachloride  of  carbon,  CCl*, 
by  the  action  of  chlorine  on  iHsuIpliide  of  carbon;  the  conversion  of  the  tetrachloride 
into  the  dichloride,  C*f’l‘,  by  passing  it  through  a red-hot  tube  ; the  formation  of  tri- 
chlonicetic  acid  (i.  877)  from  the  last -mentioned  compound,  by  the  action  of  chlorine 
and  water  in  sunshine ; and  the  conversion  of  the  trichloracetic  into  acetic  acid,  by  tha 
uetii>n  of  reducing  agents, — o,  Tlie  formation  of  sulphocyanate  of  ammonium  by  the 
action  of  ammonia  on  sulphide  of  carlx)n. — 6.  The  formation  of  rhodizonic,  oroconic 
nnd  oxalic  hcuIs,  together  with  mould-like  substiinces,  in  the  ordinary  proce.sa  of 
prepariug  potassium.  Omclin  observes,  however,  that  on  the  whole  it  appt*ars  that  only 
the  lower  order  of  organic  compoun«K  namely  thoM»  which  contain  but  few  atoms  of 
<airl)on.  can  l>c  fomu-d  artificially  from  inorganic  material.s,  excepting  perhaps  the 
mould-like  substances  ; an<l  he  further  expresses  a doubt  whether  all  carbon  compounds, 
even  .sulphide  of  carbon,  carbonic  oxide  and  carbonic  acid,  ought  not  to  be  reganled  as 
organic. 

Thequestion  of  the  formation  of  organic  compounds  from  their  elements  has  however 
been  completely  sot  at  rest  by  the  classic  researches  of  Berthelot,  who  showed  iu 
1856  that  formate  of  potassium  is  produced  by  the  direct  union  of  carbonic  oxide 
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vitfa  hjdrst«  of  potaasium  (iii.  683),  and  aubsequently  that  acetylene  m&y  be  formed 
b/  ihc  direct  combination  of  carbon  with  hydrogen,  and  that  marsh-gas,  ethylene,  and 
•eTeral  of  ita  homologuea  may  likewise  be  formed  from  inorganic  materials  (see 
HTDaocaasoKS,  iii.  188).  These  hydrocarbons  may  be  converU^  into  alcohols,  e.  g. 
manh-gas  into  methylic  alcohol  (iii.  988),  and  ethylene  into  etbylic  alcohol  (i.  72);  and 
from  the  alcohols,  by  well-known  processes,  a large  number  of  other  compounds  may  be 
obtained,  namely  aldehydes,  acids,  acetones,  ethers,  amines,  oi^no-metailic  bodies,  &c. 

Anc^er  kind  ot  chemical  transformation,  formerly  supposed  to  be  peculiarly  a frinc* 
don  of  the  living  organism,  is  the  formation  of  compounds  containing  a greater  number 
of  carbon-atoms  from  others  containing  a smaller  number.  In  the  earlier  days  of  organic 
chemistry,  indeed,  the  principal  agent  of  transformation  known  was  oxidation,  by  which 
SQ  organic  body  is  for  the  most  part  lowered  in  the  scale,  its  carbon  and  hydrogen 
being  gradually  burnt  away,  until  at  length  the  whole  is  resolved  into  carbonic  anhydride 
sod  water,  together  with  ammonia  if  nitrogen  is  also  prt'senU  The  possibility  of  effecting 
the  opposite  kind  of  transformation,  of  building  up  organic  compounds  from  others  lower 
in  the  scale — tliat  is  containing  a smaller  number  of  atoms  of  carbon  or  hydrogen,  or  both — 
has  however  been  demonstrated  in  a great  number  of  instances.  Thus  it  h^  been  known 
for  some  years  that  naphthalene,  mav  be  formed  by  passing  the  vapour  of  alcohol 

or  ether,  or  the  vapours  evolved  by  the  dry  distillation  of  benzoate  of  calcium,  through  a 
red-hot  tube.  Other  instances  of  the  building  up  of  organic  compounds  from  others  of 
lower  order  are  the  production  of  potassic  oxalate  from  the  formate,  by  beating  with 
poCuh-Ume  (2CHKO*  — C’K’O*  + H*) ; the  formation  of  decatylene,  and 

xoasy  other  of  the  higher  olefines  by  distilling  amylic  alcohol,  OH'^0,  with  phosphoric 
sohydride  or  chloride  of  zinc ; the  conversion  of  urea  by  heat  into  cyanunc  acid ; of 
sulpbobcnzene,  by  dry  distillation  into  stilbene,  &c.  &c.  (see  Gwtr/iV# 

Handbook^  vii.  43).  Of  far  greater  importance,  however,  than  these  isolated  instances 
of  the  accumulation  of  carbon-atoms  by  artificial  means,  are  the  general  methods  which 
hare  been  discovered  of  building  up  the  terms  of  homologous  series — especially  that 
discorered  by  Mendius,  namely  the  conversion  of  the  cyanide  of  on  alcohol-radicle 
into  the  amine  of  the  radicle  next  higher  in  the  scries,  r.  y.  cyanide  of  hydrogen  into 
methyknune,  cyanide  of  methyl  into  ethylamine,  &c.  (see  Homologous  Substaxcxs, 
iii.  164). 

Since  then  the  simpler  organic  compounds  can  be  formed  from  inorganic  materials, 
and  from  these  a large  number  of  the  more  complex  compounds  can  be  synthetically 
produced,  it  seems  not  improbable  that  all  the  proximate  principles  of  the  vegetable 
and  sDimal  oi^anisms  will  ultimately  be  formed  from  their  elements  by  artificial  means. 
The  notion  of  organic  compounds  as  constituting  a class  essentially  distinct  from 
inoiganic  or  mine^  compounds  in  their  formation  and  constitution,  must  therefore  be 
abandoned.  Still  the  marked  peculiarities  of  character  by  which  bodies  of  vegetable 
and  animal  origin,  and  those  formed  from  them,  are  for  the  most  part  distinguish^  from 
those  of  purely  mineral  origin,  especially  their  more  complex  constitution  and  ready 
decomposibility,  as  exhibit^  in  their  behaviour  when  heated,  and  by  the  phenomena 
of  fermentation  and  putrefaction,  have  led  to  various  attempts  to  define  organic  com- 
pounds in  a more  satisfactory  manner.  Thus  Liebig  formerly  defined  Organic 
Chemistry  as  the  Chemistry  of  Compound  Kadicles.'*  Such  a definition,  however, 
cannot  be  maintained  at  the  present  day,  when  almost  every  class  of  salts,  of  mineral 
SI  Well  ss  of  organic  origin,  is  supposed  to  contain  a compound  radicle,  e.g.  NO*  in  the 
niirtftcs,  SO*  in  the  sulphates,  &c.  Gmelin  in  his  **  Handbook " defines  organic 
chemistry  as  the  **  Chemistry  of  curbon-compounds  containing  more  than  1 atom  of 
carbon”  (Cs^G).  This  definition  excludes  the  simple  carbon-compounds,  CO,  CO*,  CS* 
which  are  usually  n*garded  us  inorganic.  It  is  impossible,  however,  to  draw  any  pre- 
cise line  of  demarcation,  writh  regard  to  properties  and  mode  of  formation,  between 
thf^  bodies  and  others,  such  as  acetylene  and  marsh-gas,  which  this  definition  would 
iDclode  among  organic  compounds:  indeed  Gmelin  himself,  as  already  observed, 
suggests  the  propriety  of  cons  idering  ail  compounds  containing  carbon  as  organic. 
Such  is  in  fact  the  conclusion  at  which  we  must  ultimately  arrive  respecting  the 
meaning  of  the  term  Organic  Chemistry,  namely  that  it  signifies  the  Chemistry 
ofCsrbon-compounds;  and  in  this  sense  it  is  used  by  Gerhardt  in  his  TraiU  fU 
Vhmxie  organiquf^  and  by  KekuU  in  his  Lthrbuch  dcr  Organischen  Chemie. 

The  study  of  the  chemical  processes  which  take  place  in  the  bodies  of  living  plants 
and  animals,  and  of  the  composition  and  properties  of  the  complex  fiuids  and  oigans 
of  those  bodies,  is  the  province  of  Physiological  Chemistry,  a branch  of  the 
science  which  bears  the  same  relation  to  organic  chemistry,  or  the  chemistry  of  carboo- 
compounds,  that  chemical  geology  bears  to  mineral  chemistry. 

OKOAWO-MSTAXiUC  80BZB8.  This  term  is  applied  to  a numerous  class 
of  compounds  in  which  an  organic  radicle  such  as  ethyl  is  directly  combined  with  a 
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metal,  and  seires  to  distinguish  them  from  other  organic  eompoonds  containing 
metals,  but  in  which  the  metal  is  indirtctly  united  or  linked,  as  it  were,  to  the  meud 
by  diatomic  oxygen.  Although  organo-metallic  bodies,  constituted  according  to  this 
d^nition,  are,  with  one  exception,  the  creation  of  the  last  sixteen  yean,  yet  their 
derivatives  hare  been  known  for  a much  longer  period.  From  the  time  that  an 
organic  acid  was  Arst  united  with  a metallic  base,  these  organic  compounds  containing 
metals  indirectly  united  date  their  existence.  It  is  true  that  these  derivatives  have 
not  been  regarded  from  this  point  of  view;  but  a little  consideration  will  sen'e  to  show 
that  they  stand  in  the  same  relation  to  organo*metallic  bodies  in  the  strict  sense  of  the 
term,  as  the  ethen,  alcohols,  acids,  and  numerous  other  organic  families  occupy  with 
regard  to  the  alcohol-radicles  from  which  they  are  derived.  Thus  the  organo-metallic 
compound  snoetbyl  yields  by  oxidation  ethylate  of  zinc 

Zn  Jqijj.  + O - in  Joc^H* 

Zlncethyl.  EthjUte  of  tine. 


a body  which,  sdthcragh  nnkoown  nntU  formed  by  tbU  reaction,  ban  oudoabted  and 
well-known  analogues  in  the  ethylates  of  potassium  and  sodium. 

By  suitable  ptucesses  of  oxidation,  ethylate  of  zinc  may  be  conrerted  into  acetate  of 
line. 


-tOC’H*  ^ 
jOC^H*  ^ 

EthyUte  of  tine. 


Zn’' 


0* 


+ 2H*0. 

Acetate  ol  sioc. 


The  ethyl-compounds  of  potasnam  and  sodium  also  pass  through  analogous  phases 
of  oxidation. 

Again  potassium- ethyl  and  sodium-ethyl,  under  the  influence  of  carbonic  odd,  yield 
the  propionates  of  potassium  and  sodium ; 

KCTP  + C0>  = KOC’HK). 

Potatlium-ethyl.  Propiouete  of  poUttlum. 


The  same  result  may  also  probably  bo  reached  two  distinct  stages,  viz.,  Arst  by 
the  conversion  of  potassium-ethyl  and  sodium^ethyl  into  the  ethylates  of  potassium  and 
sodium : 

Kcm*  + 0 » KOC'H* 

PuUulum-  EthyUre  of 

ethyl.  potMiium. 

and  secondly  by  the  action  of  carbonic  oxide  upon  these  bodies : 


KOC*H*  + CO  - KOC*HK). 

Ethylate  of  Propionate  of 

pouuium.  potaaaium. 

The  second  stage  of  this  conversion  has  not  yet  been  experimentally  realised,  but 
Berthelot’s  production  of  formate  of  potassium  &om  carbonic  oxide  and  hydrate  of 
potassium  exhibits  a homoU^os  reaction. 

These  examples  serve  to  point  out  the  relations  existing  between  organo-metallic 
bodies  in  the  usual  acceptation  of  the  term,  and  that  far  more  numerous  class  of  deri- 
vatives to  which  the  same  name  might  without  impropriety  be  applied ; but  it  is 
scarcely  necessary  to  remark  that  the  pn^sent  article  will  m conAned  to  the  considera- 
tion of  organo-metallic  bodies  in  the  usual  and  more  restricted  sense  of  the  Urm.  * 


Fobscation  of  Oroako-mstaluc  Bodiss. 

Organo-mciallic  bodies  can  be  produced  by  a great  variety  of  processes ; but  these 
numerous  methods  of  formation,  with  very  few  exceptions,  admit  of  being  grouped 
under  four  heads. 

1.  Formation  by  union  o/the  Organic  Radicle  in  itatu  naecenti  with  the  ynrfo/,  or  by 
the  coalescence  of  the  latter  taith  the  iodide  of  the  Organic  Radicle. 

By  this  method,  the  organic  radicle  is  almost  invariably  presented  to  the  metal  in  the 
form  of  iodide, — a state  of  combination  surpassing  all  others  in  the  facility  with  which 
the  two  components  separate  under  the  inAuence  of  chemical  affinity.  The  metal, 
made  to  present  as  large  a surface  as  possible  by  granulation  or  otherwise,  is  placed 
in  contact  with  the  organic  iodide  and  heated  in  a close  vessel  of  adequate  streng^  to 
resist  the  pressure  of  the  vapours  and  gases  generated. 

For  a Aguro  and  description  of  the  apparatus  see  Bath  (i.  621). 

In  some  cases  the  ^ency  of  light  may  be  advantageously  employed  to  replace  Uiat  of 
heat  as  in  the  formation  of  orgauo-tin  compounds,  vriiilst  in  the  case  of  merenrial  com- 
pounds, solar  radiation  is  almost  essentially  necessary.  Whero  light  is  employed,  the 
materials  are  enclosed  in  glass  vessels  which  are  then  exposed  either  to  difiuse  daylight. 
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direct  sunlight,  or  to  the  solar  rajs  concentrated  bj  a parabolic  reflector.  In  the  latter 
case  the  vessel  may  be  snrroanded  by  water  or  by  a solution  of  sulphate  of  copper  to 
absorb  the  calorific  rays. 

The  organic  compounds  of  einc,  cadmium,  magnesium,  aluminium  and  glucinum 
are  produced  by  the  thermal  process,  those  of  tin  may  be  formed  either  fly  the  thermal 
or  hy  the  light  process,  whilst  the  organo-compounds  of  mercury  can  only  be  generated 
in  the  class  of  process  now  under  discussion  by  luminiferous  agency.  The  thermal 
method  of  procedure  is  well  illustrated  in  the  preparation  of  zincfihyl. 

The  reaction  which  occurs  on  heating  sine  ana  iodide  of  ethyl  is  usnally  expressed 
bj  the  following  equation  : 

+ 2Zn"  = + ^ir 

Iodide  of  ethyl.  Zinc^bjI. 

The  actual  chemical  changes  occurring  in  the  formation  of  sincethyl  are,  however,  by 
00  means  so  simple.  This  body  is  found  in  a free  state,  in  very  small  quantity  only, 
amongst  the  pr^ucts  of  the  reaction  of  zinc  upon  iodide  of  ethyl,  but  there  exista. 
amongst  these  products  a crystalline  body  which  contains  zinc,  ethyl,  and  iodine,  and 
maj  be  regard^  as  formed  according  to  the  equation : 

C=H»I  + Zn  « Zn"(C*H‘)I. 

Iodide  of  BUrtodlde  ofatoe. 

etbji. 

This  compound  is  decomposed  at  about  150^,  yielding  iodide  of  zinc  and  zinc- 
jfthjl : 

2Zn"(C5H»)I  « Zn"(C*H‘)»  + Zn'l* 

Ethlodide  of  tioe.  Ziocethjl. 

Contemporaneously  with  the  first  of  the  above  reactions,  there  occur  others  in  which 
rthjl,  liydride  of  ethyl,  and  ethylene  are  produced.  The  separation  of  ethyl  in  this 
reaction  is  doubtless  duo  to  the  direct  action  of  zinc  upon  iodide  of  ethyl : 

2(C*H')I  + Zn  - + Zn'T* 

Iodide  of  ethyl.  Ethyl. 

whilst  the  appearance  of  the  secondary  products,  ethylene  and  hydride  of  ethyl,  results 
from  the  action  of  the  ethiodide  of  zinc  upon  io^de  of  ethyl : 

Zn"(C»H^)I  + Cmn  = + C»H*  + Zn'T*. 

Ethiodide  of  Iodide  of  Hydride  of  Ethylene, 

sine.  ethyl.  ethyl. 

Notwithstanding,  however,  the  intermediate  formation  of  ethiodide  of  zinc,  in  the 
manner  above  indicated,  the  final  result  of  the  reaction  is  correctly  expressed  in  the 
first  of  the  above  equations. 

The  reactions  by  which  ethyl,  hydride  of  ethyl,  and  ethylene  are  produced  can  be 
almost  completely  avoided  by  the  admixture  of  an  equal  volume  of  auhydrous  ether 
with  the  iodide  of  ethyl.  The  yield  of  zincethyl  is  thus  proportionately  increased. 

Zine^rtuthyl  and  sinc-amt/l  may  be  also  thus  produced,  but  they  are  obtained  in  a 
state  of  purity  with  extreme  difficulty,  and  are  therefore  more  adTantageousIv  prepared 
tcoording  to  the  fourth  method  of  formation.  No  attempt  has  yet  been  made  to  form 
the  corresponding  compounds  of  the  remaining  alcohol-radicles. 

OrgnntH^mpoufuU  of  7Vn. — Although  these  bodies  can  be  obtained  by  other  pro* 
eessfs,  the  general  method  we  are  now  considering  is  doubtless  the  most  conrement 
mode  of  producing  most  of  them.  Tin  is  capable  of  forming  three  distinct  classes  of 
bmary  inoiganic  compounds  which  may  be  represented  by  the  fbllowing  general  for- 
muhe : 


This  threefold  atomic  character  of  the  metal  renders  the  result  of  its  action  ^pon  the 
iodides  of  the  alcohol-radicles  considerably  less  simple  than  that  of  zinc.  Without 
taking  into  account  compounds  to  which  a still  more  complex  constitution  has  been 
assigned,  the  existence  of  the  following  series  of  organo-metallic  bodies  contaiuing  tin 
fias  been  established : * 

1st  Series.  Snd  Seriee.  3rd  Series. 

“■'is: 

* In  (hes*  formulK  R+  repreeents  a pocitire  organic  radicle,  and  a oegatlre  radicle : no  negative 
organic  radicle  as  such,  has  yet  been  Introduced  into  these  compounds. 
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4th  Series, 

ftth  Series. 

6th 

tR  + 

fR  + 

8“''  r: 

Sn”- 

R + 
R-c 

8n*’. 

(R-h 

[r- 

R + 
R + 
R- 
R- 


The  M«ind  and  fourth  of  theao  aeriea  hare  not  yet  been  produced  by  the  method  n 
are  now  conaidering. 

(t  C*H*\ 

Sn"jc,H>/  ^ produced  in  small  quantities  by 
the  action  of  heat  upon  a mixture  of  iodide  of  ethyl  and  tin : 


2(C’H*)I  + Sn*  = Sn'CC’H*)'  + 8n"l*. 

Iodide  of  ethjl.  Sunnoux  eUiidr. 


Stannous  methids  u doubUesa  fonned  under  rimilar  conditions. 

The  THIRD  Sebjes  of  stann-organic  compounds  is  formed  by  reactions,  of  which  tbs 
following  may  be  regarded  as  a type : 


4(CH»)I  + Sn* 

lodid*  of 
metbyl. 


of  (ia. 


+ Snl» 


Fifth  Skhibs. — The  following  chemical  change  expresses  the  mode  of  formation  of 
compounds  belonging  to  this  senes : 

3(CH>)I  + Sn*  - Sn*-(CH*yi  + Sn**I*. 

lodkl*  of  SctDuic  lodo* 

iDeibjri.  Irimelhide. 

Sixth  Ssbixs. — The  most  abundant  products  of  the  action  of  tin  upon  the  iodides 
of  the  alcobol-radicles  belong  to  this  series  ; indeed,  if  the  action  be  pi^uced  by  light 
instead  of  heat,  they  are  formed  almost  to  the  complete  exclusion  of  the  others.  It  is 
necessary,  however,  to  remark  that  the  materials  exposed  to  light  should  be  completely 
excluded  from  atmospheric  oxygen,  otherwise  the  liquid  assumes  an  orange  colour,  and 
the  action  is  so  effectually  airestiHl  that  an  exposure  for  several  months  to  sunlight, 
concentrated  by  a parabolic  mirror,  will  scarcely  produce  any  appreciable  cha^. 
The  following  reaction  explains  the  formation  of  Ix^es  belonging  to  this  series : 

2(CH*)I  + Sn  - 8n'»(CH»)*I* 

Iodide  of  Stannic 

melbjL  dtmetbiodide. 


It  is  crideut  that  tbreo  series 
categoiy,  vi*. : 


Su” 


1 


R + 
K- 


of  tm-compounds  are  still  wanting  to  complete  the 


It  is  somewhat  remarkable  that  no  organo^tin  compounds  containing  only  one  eqairt* 
lent  of  positive  radicle,  have  hitherto  been  produced.  The  inference  to  be  drawn  from 
thia,  that  such  bodies  do  not  exist,  must  be  checked  by  the  fact  that  no  special  attempts 
have  yet  been  made  to  form  them. 

Orffano-compounds  of  Mercury. — The  reaction  of  mercury  u^n  the  iodides  of  th« 
alcohol-radicles  mves  rise  to  two  series  of  organic  compouuas,  the  general  formolx  of 
which  may  thus  m written : 


Ut  Series. 


Sod  Serlei. 


The  first  series  only  of  these  bodies  can  be  produced  by  the  general  mode  of  forma- 
tion DOW  under  consideration ; but  the  members  of  the  second  series  are  readily  obtained 
by  the  action  of  an  organo-rinc  compound  upon  thc^  of  the  first. 

For  the  production  of  the  first  scrips  of  these  bodies,  the  action  of  light  is  essential 
(except  in  the  case  of  mercuric  iodo-allide),  no  elevation  of  temperature  being  capable 
of  producing  the  chemical  change.  The  following  equation  sufficiently  exhibits  the 
nature  of  the  reaction: 

CH*I  + Hg  - Hg"(CH»)I. 

Io<iide  of  Mercuric 

Diethjrl.  iodometbide. 

For  the  production  of  the  methyl-compound,  bright  eunlight  may  be  employed ; bet 
the  reaction  for  the  ethyl-body  auat  be  conducted  in  difilued  daylight  only,  otherwiM 
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BO  orguo-m«tallie  componod  will  be  produced,  the  ethyl  being  eliminated  chiefly  u 
neb,  but  partly,  also,  as  hydride  of  ethyl  and  ethylene : 

2(C*H‘)I  + Ilg  - Hg"P  + 

Iodide  of  ethyl.  Ethyl. 

2(C*H»)I  + Hg  = Hg"I>  + + C*H«. 

Iodide  of  Hydride  of  Ethyleoe, 

ethyl.  ethyl. 


Id  addition  to  these  bodies,  compounds  containing  arsenic  and  antimony  can  also  bo 
prodoced  by  this  ^neral  mode  of  formation ; but  they  are  obtained  with  greater  facility 
bj  tbe  second  method,  which  will  now  be  described. 


2.  Formation  of  Organo-metallie  hodiet  by  the  action  o f the  reeneetive  MtioXe  alloyed 
with  Potaseium  or  Sodium  upon  the  Iodides  of  the  Alconol’radicUs. 

The  principles  involved  in  this  second  general  mode  of  prodnct  ion  are  essentially  similar 
to  those  in  the  first,  but  there  is  here  less  tendency  to  form  compounds  containing 
nfgitive  as  well  os  positive  radicles.  The  simultaneous  production  of  an  organo-potas« 
RQm  or  sodium  compound  need  not  be  feared,  since  such  compounds  cannot  exist  in  the 
presence  of  the  iodides  of  the  alcohol-radicles. 

This  mode  of  formation  will  be  sufficiently  illustrated  by  the  following  reactions: 


A rsenic’-compoun  dt. 


4(CH*)I 

Iodide  of 
metbyL 

+ 

2(A8”Na«) 

= 2(Aa*"(Cn*)*)  + 

Cacodyl. 

4SaI. 

3<CH*)I 

Iodide  of 
m*.*tbyl. 

+ 

A.“Nb* 

=»  As"'(CH')*  + 

TrlroeibyUritiDe. 

SNal. 

4(CH»)I 

Iodide  of 
methyl 

+ 

A8”Na* 

= A«'(CH*)‘I  + 

Iodide  of  tetra- 
mcthyl«raonium. 

3NuI. 

Antimony-compounds. 


3(CH*)I  + 

Iodide  of 
methyl. 

Sb"Na* 

« SblCH*)»  4. 

Trfmethylatihine. 

3NaI. 

4(CU*)I  + 

Iodide  of 
methyl. 

8b"Na* 

« Sb»(CH*)*I  + 

Iodide  ofteira- 
metbyUtiboDium. 

3N»I. 

Tin-covipounds, 


2(CH»)I 

Iodide  of 
methyl. 

8n"Nu* 

= 8n"(CH*)* 

Stannoua- 

meihlde. 

+ 

2NaI. 

6(CH*)I 

Iodide  of 
methyl. 

+ 

2(Sn”Na>) 

- 2[Sn"(CH>)»] 

SUnn-aesquU 

mothide. 

+ 

6NaI. 

4(CH*)I 

lod'de  of 

+ 

Srf'Na* 

- Sn‘"(CIP)* 
Stannic  methide. 

+ 

4NaI. 

metbyL 


Mercury-compou  n ds. 

When  the  iodides  of  the  alcohol  radicles  are  placed  in  contact  with  sodiuTO-amalgam, 
no  perceptible  action  takes  place  at  ordinary  temperatures,  even  after  prolonged  diges* 
tion,  but  on  the  addition  of  a few  drops  of  acetic  ether,  the  amalgam  is  immediately 
attacked  and  a brisk  action  with  considerable  elevation  of  temperature  attends  the  for- 
BMtioo  of  the  organo-mercnrial  compound.  The  function  of  the  acetic  ether  in  this 
ivaction  is  not  understood,  but  the  ether  is  found  in  undiminished  quantity  at  the  close 
of  the  reaction.  The  following  equation  illustrates  the  formation  of  these  compounds : 
2(CH*)I  + Na*Hg"  - Hg"(CH>)*  + 2NaI. 

Iodide  of  Mercuric 

n»eU>yl.  tneihide. 


Lead-compound, 

«<C»H»)I  + t(Pb’"Na*)  - 2[Pb''■(C*H»)^ 

Iodide  of  ethyl.  Plumb-trieChlde. 


+ 6NaI. 
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BUmuth*compound. 

3(C*H»)I  + BrNa*  - + 3NaI. 

Iodide  of  «Cbj].  Bi»*trletbide. 

Tellurium-compounds. 

Or^ano-tellurium  compounds  are  formed  by  a modification  of  this  method,  which 
consists  in  distilling  tellurido  of  potussiom  with  ethyUulpbate  of  potassium  and  its 
homologues : 

2(S’‘0*.CH«O.KO)  . To"K*  - + 2(S''O'-(KO)0. 

MeChjrlsolptuUe  of  potassium.  TeUurtum-mrthfL  Sulphate  of  potaiiiua. 

The  ethyl  and  amyl  compounds  arc  prepared  by  homologous  reactions. 

3.  Formation  of  Organo-mftailic  bodUs  by  the  action  of  the  Zinc-compoundc  of  ike 
Oryanic  Radicles  upon  the  Haloid  compounds  either  of  the  Metals  themselves  or  of  ikar 
Organo~deri  vaii  oes. 

For  the  production  of  oigano^mctallic  bodies  containing  loss  positive  metals  than 
zinc,  this  method  is  perhaps  not  only  the  most  convenient,  but  also  capable  of  the  most 
g«‘Deral  application.  Compounds  containing  mercury,  tin,  lead,  antimony,  and  arsenic 
have  been  thus  produced,  but  it  has  failed  when  applitnl  to  the  haloid  compounds  of 
copper,  silver,  and  platinum,  for  although  these  bodies  are  violently  acted  upon,  tb<^ 
organic  group  does  not  unite  with  the  metal. 

The  following  reactious  illustrate  this  method  of  formation 

MercuryKompounds. 

Zn"(CH»)*  + Hg"Cl»  « Ug'*(CH*)*  + Zn"a*. 

Zine-rocthjl.  Mercuric  methide. 

7n"(CH«V  + 3Ug"Cl*  - 2lTg"(CH*)Cl  + Zn"CF. 

Zinc-metbji.  Mercuric  chloromethido. 

Mercurous  ethide  and  mercurous  methide  have  not  yet  been  obtained  either  by  tbi* 
or  any  other  process.  The  instability  of  mercurous  compounds,  as  seen  in  the  inor- 
Gfanic  oxide  and  iodide,  is  brought  to  a climax  in  organic  mercurous  compounds;  the 
latter  are  instantly  transformed  into  metallic  mercury  and  the  more  stable  orgnnomcr- 
curic  compounds.  Thus,  when  zinc-ethyl  acta  upon  mercurous  chloride,  the  followiDg 
change  results:-— 

Zn"(C^‘)«  + 2HgCl  - Hg"  | + Hg  + Zn"CI>. 

ZinC'Cthjrl.  Mercuric  ethide. 


Tin-eompounds. 


2Zn"(CTl*)* 

Ziiic>ethjrl. 

+ Sn'’Cl‘ 
Stannic  chloride. 

Sn‘'(C*H')‘  + 

Stannic  ethide. 

2Zn"Cl*. 

Zn'CC’H*)* 

Zinc-ethyl. 

+ Sn'^CC’H*)'!*  = 

Stannic  diethiodide. 

Sn"(C’H»)*  + 

Stannic  ethide. 

Zn^■. 

3Zn"((?H‘)* 

Zinc-ethjrL 

+ 2Sn"Cl* 

2Sn''(C»H^)*CI  + 

Chlorotriethide  of  tin. 

3Zn"Cl*. 

Zn"(C*H»)* 

ZinC'eihyl. 

+ Sn‘’Cl‘ 

8n‘'(C>H‘)-CP  + 

stannic  dichlorethide. 

Zn'CT. 

Lead^compound. 

The  following  is  the  only  reaction  which  has  hitherto  been  effected  by  the  metliod 
which  wo  are  now  considering : — 

2Zn"(C*H*)*  + 2Pb"CF  » Pb‘’'(C*H*)‘  + Pb  + 2Zn'a*. 

ZiocH^yl.  Plumbic  ethide. 

Antimony-compounds. 

3Zn"(CH*)*  + 2Sb'"Cl*  - 2Sb*"(CH«)>  + SZaTl*. 

ZliK-meth)rf.  TrlmethjUtibiDe. 

.^rscmc-compoMac/tf. 

3Zn"(ClP)*  + 2As'"Cl*  « 2As'“(Cn>)*  + 3ZnTl*. 

Zinc.Qicthyi.  T i Imrth)  tartinr. 
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4.  Yormation  of  Oroano-nutallie  bodie$  by  the  dieylacement  of  a Mtialtnan  Organo- 
fHetallic  compound  by  another  and  more  positive  Mttal. 

ThU  fourth  mode  of  producing  organo-metallic  bodies  bos  been  successfully  Applied 
to  the  formation  of  the  compounds  of  sodium,  potassium,  lithium,  aluminium,  aoa  zinc 
]q  the  case  of  the  three  first-named  metals  the  reaction  takes  place  at  ordinaiy  tempera- 
tnn^  the  original  body  operated  upon  being  an  organo-zinc  compound  which  also  enters 
the  composition  of  the  resulting  organo-potassium,  sodium,  or  lithium  compound  as 
ebown  in  the  following  reactions: — > 


|c»H‘ 

Na* 

7n- 

= ^C«H*  + 

Zn. 

ZlDC'Cthyl. 

Sodlo-cloc-«(hyl. 

3Zn  I + 

K* 

,,  (PH* 

- JC»H»  + 

^ (C*H» 

Zn. 

Zinc-«(hyl. 

Pouuio.1lncu.tb7l. 

Sodium  also  displaces  mercury  from  mercuric  ethide;  sodium-ethyl  is  probably 
formed,  but  the  exact  nature  of  the  reaction  has  not  been  ascertained. 

The  organo-zinc  compounds  are  obtained  by  the  action  of  granulated  zinc  upon  the 
currespooding  mercury  compounds  at  a temperature  yarding  from  100^  to  130^  C.  The 
foUoviDg  example  shows  the  nature  of  this  transformation. 

+ 2Zn  - + Zn'Hg". 

The  first  mode  of  formation  above  described,  cannot,  without  formidable  difiSculties, 
he  applied  to  the  production  of  zinc-methyl  and  zinc-amyl  in  a state  of  puri^,  but  by 
the  fourth  method  now  nnder  consideration,  these  bodies  are  obtained  with  great 
fieilitj : for  the  preparation  of  zinc-ethyl,  however,  the  first  method  is  the  most  advan- 
tageooa. 

Pbopbrtibs  of  Oroaxo-vbtaluc  Bodies. 

The  organo-metallic  compounds  as  a class  are  distinguished  by  the  extraordinary 
energy  of  their  affinities.  >Yith  certain  exceptions,  presently  to  be  noticed,  their  dis- 
position to  unite  with  n^ative  elements  increases  with  the  positiro  character  of  the 
metal  and  with  the  sm^lness  of  the  atomic  weight  of  the  alcohol-radicle.  Thus 
organo-potassinm  and  sodium  compounds  possess  more  chemical  eneigy  than  those  of 
□DC.  whilst  the  latter  are  more  active  than  the  compounds  of  arsenic,  antimony,  tin, 
or  lead.  Again,  in  the  series  belonging  to  each  metal,  the  methylic  compounds  aru 
more  energetic  than  the  ethylic  ones,  whilst  the  last  greatly  surpass  the  amylic  com- 
pounds in  this  respect.  But  whilst  these  general  principles  govern  the  chemical 
en«^  of  organo-metallic  bodies,  their  effect  is  modified  by  the  degree  of  saturation  in 
which  the  metal  exists.  Although  this  circumstance  has  hitherto  received  only  partial 
elucidatioD,  yet  we  have  evidence  of  its  effects  in  the  ease  of  oi^ano-tin  compounds. 
Both  stannous  ethide  and  stannous  methide  combine  directly  with  atmospheric  oxygen, 
•nd  the  onion  takes  place  with  tolerable  rapidity ; but  neither  stannic  ethide  nor  stannic 
methide  is  in  the  least  degree  acted  upon  by  free  oxygen  at  ordinary  temperatures ; 
even  iodine  acts  upon  them  with  difficulty.  This  diminotion  of  chemical  energy  in 
organo-stannic  compounds  cannot  bo  ascribed  to  the  mere  influence  of  the  additional 
weight  of  hydrocarbon  which  they  contain,  since  stannous  amylide  readily  unites  with 
frie  oxygen  at  ordinary  temperatures,  although  the  single  atom  of  amyl  which  it  con- 
|ains  is  considerably  heavier  than  the  double  atom  of  either  methyl  or  ethyl  present 
in  the  organo-stannic  compounds  just  dted. 

Organo-metallic  compounds  in  a state  of  partial  saturation  play  the  part  of  compound 
ndiclea  They  are  monatomic,  diatomic,  triatomic,  or  tetratomic,  according  to  the 
number  of  atoms  requisite  to  complete  their  saturation.  On  the  other  hand,  organo- 
metallic  bodies  in  a state  of  saturation  never  perform  radicle  functions : they  never 
undergo  chemical  change  without  decomposition.  Thus  zinc-ethyl,  stannic  ethide, 
mercuric  ethide,  and  plumbic  ethide  all  give  substitution-products  when  they  are 
chemically  acted  upon. 

Yotauium^  sodiumy  and  lithium  series* — These  bodies  have  not  yet  been  isolated ; 
they  «re  known  only  in  combination  with  the  corresponding  zinc  or  mercuiy  compounds. 
The  double  compound  of  sodium-ethyl  and  zinc-ethyl  is  the  only  one  which  has 

hitherto  been  submitted  to  analysis.  Its  formula  is  | (OH*)*. 

* WtnkI  JO,  Proc.  Roj.  Soc.  iv.  541.  Frank  land,  Proceeding*  of  the  Royal  Imtitutioo,  vol.  !▼. 
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Thij  compound  first  separates  from  its  solution  in  cinc-ethyl  as  a tralisparent  fluid, 
vhicH  after  Mme  time  solidifies  to  n mass  of  Ui^e  tabular  ciystals,  fusing  at  27^  C,  but 
when  once  fused  rt^maining  fluid  at  several  degrees  below  that  point  On  the  appli- 
cation of  a moderate  heat  to  this  compound,  rases  are  evolved,  and  a mixture  of  sodinm 
and  zinc  without  carbon  is  left  behind.  Sodio-zinc  ethyl  decomposes  water  with  great 
■violence,  forming  hydride  of  ethyl,  and  the  hydrated  oxides  of  zinc  and  sodium.  The 
behaviour  with  negative  elements  has  not  yet  been  studied.  Its  most  interesting  reac- 
tion consists  in  the  absorption  of  carbonic  anhydride,  which  it  transforms  into  pro(»ionic 
acid.  The  sodium-ethyl  alone  takes  part  in  this  reaction : * 

NaCTH*  + CO>  = ! O. 

r«aV 

Sodium-ethjri.  Propiuniite  of 

sodium. 


Ko  compound  of  any  of  these  bodies  with  a negative  clement  has  been  obtained. 
Their  action  upon  carlxinic  anhydride  proves  that  they  possess  a still  higher  reducing 
power  than  the  corresponding  organo-zinc  compounds,  and  they  will  therefore  doubtless 
prove  valuable  agents  for  the  substitution  of  positive  groups  for  negative  elements  in 
cases  where  organo-zinc  compounds  fail  to  produce  the  desired  cffl'ct. 

Sodium-ethvl  d^'composes  the  iodides  of  the  alcohol-radicles  in  the  cold,  with  for- 
mation of  iodide  of  sodium.f 


NaCTI* 

«= 

Nal.  + ^’”’1  + C’ll*. 

Sodium- 

Iodide  of 

Hydride  of  Ethylene. 

ethyl. 

ethyl. 

ethyl. 

Owing  to  this  behaviour,  potassium  and  sodium  compounds  can  only  ho  prepared  by 
method  No.  4. 

The  following  bodies  belonging  to  this  s<ries  have  been  described : 


Fotaaaio-xine  metbjl 

,,  -fCH« 

lcu> 

Litliio-mercuric  methide 

rt  -fCH’ 

-IcH* 

[cii* 

Pofasaio-rinc  ethyl . 

^ (CH* 

Lithio-mercuric  ethide  . 

„ -fCH* 
(CH* 

Sodio-zinc  methyl  . 

„ .(CH’ 

Lithio-zinc  methide 

^cn* 

(.CH* 

Sodio-zinc  ethyl 

V J CH* 

Lithio-zinc  ethide  . 

7 » fC’H* 
-Jc’H* 
(CH* 

Ma^fsium  srn>s.* — The  compounds  containing  ethyl  and  methyl  only  have  hitherto 
been  examined,  and  the  former  alone  submitted  to  analysis.  These  liodies  passess  a 
close  similarity  to  organo-zinc  compounds.  They  arc  very  volatile  colourless  liquids, 
possessing  a powerful  alliaceous  odour  ; are  spontaneously  inflammable,  and  decom|X>se 
water  with  violence.  They  do  not  readily  decompose  the  iodides  of  the  alcohol-radicles, 
and  can  therefore  he  prepared  by  method  No.  1.  No  compound  of  these  bodies  with 
negative  elements  has  yet  been  produced.  They  are  in  the  condition  of  chemical  satu- 
ration. Further  details  of  their  properties  are  wanting. 

j4/umimum  smVa. — The  only  known  organ o-com pounds  of  this  series  are  aluminie 
methide,  AT^CH*)’,  and  aluminie  etliide,  Air'(Cni*)*.  They  are  prepared  by  heating 
mercuric  methide  or  ethide  with  excess  of  aluminium  clippings  in  scaled  tubes : 

3Hg*’(CH*)*  -h  Al*  « 2Ar(CH»)»  + Hg>. 

They  are  spontaneously,  inflamm.'ible  liquids,  which  decompose  water  with  explosive 
violence,  and  react  with  iodine  to  form  iodo-derivalives  and  iodide  of  methj'l  or  ethyl. 
By  regulated  exposure  to  dry  air  they  take  up  oxygon,  forming  bodice  apparently 
analogous  to  boric  dioxy-methide  and  dioxethido  (Buckton  and  Odling).  A 
compound  of  aluminie  ethide  ■with  io<lide  of  ethyl  had  previously  been  obtained  by 
Cahours  § by  heating  aluminium  with  iodide  of  ethyl  (ii.  635).  G/uanum  appears  to 
act  with  iodide  of  ethyl  in  a similar  manner. 


* Wanklfn,  Chftn  ^ Qu.  J.  xi.  103.  f FrAnkland,  Proc  Rnr.  Sue.  ix. 34$. 

t Cataourt,  Ann.  Ch.  Ph?».  IfiU.  17. 

t /6M.  [3]  Iviii.  Buck  (on  and  Od  I ing  (Proc.  Rny.  Sor  x1?.  19). 
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Zorc  SsBixa.* — Three  bodies  belonging  to  this  series  are  known,  riz. : 

Zinc-methjl,  Zn" I Zinc-ethyl,  Zinc-amyl,  Zn"|Qj^,,. 

They  are  colourless,  transparent,  mobile,  volatile,  and  odorous  liquids,  composed  of 
two  gaseous  volumes  of  the  hydro-carbon  radicle,  and  one  volume  of  zinc-vapour,  the 
three  volumes  condensed  to  two.  The  methyl-  and  ethyl-compounds  are  spontaneously 
inflammable,  burning  with  a greenish-blue  flame:  zinc-amyl  is  spontaneously  inflam- 
mable in  pure  oxygen  only.  All  three  are  saturated  compounds,  incapable  of  direct 
combination.  In  contact  with  water,  they  are  instantly  decomposed,  with  formation  of 
hydrated  oxide  of  zinc  and  hydride  of  the  organic  radicle : 


Zn"(CH*)*  + 2H*0  • Zn"H*0»  + 2(CH».H). 

Ziac-mvthy).  Hjrdride  of 

meihjrl. 

OndutU;  treated  with  dry  oxygen  so  as  to  avoid  too  violent  action,  they  pass  through 
two  atagea  of  oxidation,  illuatrated  in  tho  caae  of  zinc-ethyl  by  the  following 


njiutiuna 


Zn 


jC’II* 

Zioc-«thr). 


5 C'H‘ 
JOC’U* 

ElhjUte  of  sloc-cthyl. 


Zn" 


.(  cn* 

iOC'U* 

Ethylate  of  iliic-cthyl. 

JOC’H* 

Ethylate  of  zinc. 


Zn" 


Zn” 


Tho  action  of  iodine  upon  organo-iine  compounds  differs  somewhat  from  that  of  oxygen 
owing  to  the  monatomic  character  of  the  negative  element.  It  consists  in  the  successive 
elimination  of  the  two  atoms  of  hydrocarbon-radicle  and  their  substitution  by  iodine  : 


pH* 

iC*H*  * 

ZiDC  tthyl. 


Zn 


Zn”|^f*  * r 

Iodo-ethtd«  of  tine* 


- Zn"|*^®‘  + C>H‘I 

I<Hlo-ethido  lodi  l«  of 

ofiiDC.  ethyt, 

- Zn"|J  -I-  C»n‘I. 

Iodide  of  sine.  Iodide  of  ethjrl. 


Organo-zioc  compounds  behave  in  a manner  exactly  analogous  in  contact  with  the 
oth^r  halogens. 

Reactions  like  the  foregoing  point  to  the  applicability  of  these  compounds  for 
effeotini^  the  substitution  of  positive  groups  for  negative  elements  in  com^xiund  bodies, 
an  application  which  has  not  failed  to  attract  the  notice  of  chemists.  In  addition  to 
the  reactions  of  this  class  given  above  as  examples  of  the  formation  of  organo- metallic 
bodies  by  the  third  method,  the  following  hare  been  realised : 


With  Nitric  Oxidc.f 


2N*0>  + Zn"|™: 

Kitrle  oxide.  Zioc-methyL 


2(N'CH«0)|o, 

Zn"p- 

DinUro-methyUte  of  xinc. 


It  will  be  perceived  that  this  reaction  is  the  exact  analogue  of  the  one  already  men- 
tioned  in  the  sodium  and  potassium  series,  where  carbonic  anhydride,  treated  with 
sodium-methyl  and  sodium-ethyl,  forms  acetic  and  propionic  acids,  lu  fact,  dinitre- 
metbylie  and  dinitro-ethylic  acids  may  be  regarded  as  the  analogues  of  acetic  and 
propionic  acids  respectively ; the  nitrogen  here  sustaining  a diatomic  character,  and 
replacing  an  atom  of  carbon. 

With  Sufj/hurout  Oxidc.l 


*•  iriT* 

2SO*  + Zn"j^H» 

Zinc-methyl. 

t?  • I PlTTi 

380«  + 7,n"|^„y. 

iZiae-ethyl. 


_ S\CH*)p/Q, 

Zu  ) 

Methyl-ditliiooate  oftinr. 
Zn  \ 

Ethyl-trithiouxte  uf  tliic. 


* Frankl^nd.  Chem.  Soe.  Qii-  J.  U.  k97.  and  HI.  44;  Phil.  Traai.  cxlU.  431,  and  cxW.  3A9. 
Waoklyo,  Chem.  Soc.  Qu.  J.  sill.  1'i4.  Frankland  and  Ouppa,  Chem.  Soc,  Qu.  J.  [9]  v> 
tl.  19.  Rtath  and  Bellitain,  Ann.  Cb.  Pharm.  cxxlU.  246.  Bullerow,  Bull.  Soc.  Chim,  Aug.  Iii64, 

p.  116. 

t Frankl.tnd,  Phil.  Traaa.  1867,  p.  S3.  t Hobion,  Ch?m.  8 >c.  Qu.  J.  x.  466  and  S3, 

Voi^  IV.  il 
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With  Trichloride  of  Photphorue* 

2P"'C1*  + 3[Zn"(CH*)>]  ==  2F"(CH»)>  + 3Zd"C1* 

Zmc«meth]rl.  Trimeihylphofphln®. 


2tCl*  + 3[Zn''(C»H‘)*]  - 2F"(CPH*)«  + SZn'Ci-. 

Zmc-elhyL  Trinth  ylpho»pliiBt." 

There  is  no  apparent  obstacle  to  this  reaction  being  pushed  to  its  extreme  limit  in 
the  case  of  pentatomic  bodies  such  as  phosphoras,  arsenic,  or  antimony.  Mr.  Buckton 
has  attempted  this  in  the  case  of  antimony ; but  although  evidence  of  the  exist- 
ence of  a pentethide  of  antimony  was  obtained,  the  l)ody  could  not  be  isolated  nor  its 
composition  satisfactorily  fixed.  The  great  stability  of  the  triatomic  compounds  of 
these  bodies  will  probably  present  considerable  difficidty  in  the  way  of  obtaining  pen- 
tatomic compounds  of  an  exclusively  positive  character,  such  bodies  being  douVrtless 
easily  resolved  into  the  more  stable  groupings  represented  in  the  iullowing  equation  ; 
Sb'(<PH»)*  = Sb'\(PH*)>  + C*n».C'H> 

Antimoiiie  etbije.  Triethylitlblos.  Ettijl. 


fOC’H* 

B".^  OC’H*  + 
l0C=H* 

Boric  ether. 


With  Boric  Ether.'^ 

- B-jcH*  + 3(Zn”g^J 

Zloc>ra«th}I.  Boric  rocihlde.  EtbjUie  of  iinc*mrth}l. 


With  Oxalic  Ether. \ 

When  oxalic  ether  is  heated  with  zinc*ethyl  and  water  ia  afterwards  added,  leucic 
ether  U produced  according  to  the  following  equation : 


O 

ocm^ 
0 
leap 

Oxalic  elh«r. 


c* 


+ Zn“|^,!^|  + 2H»0 

ZlDc-ethfl. 


c» 


(c=n*)» 

OH 


'OC'H» 

Leucic  eihcr. 


Zn"/ 

Hn 


0«  + 


C’H 

H 


S) 

0. 


JfVM  Tetrachloride  of  Silicon, 

Si'*a*  + 2[2n"(CaP)*]  - 5?i*’(cap)‘  + 2Zn"Cl*. 

Ziiic-cthfl.  Sillcium-ethjI. 

Whilst,  on  the  one  band,  organo-zinc-compounds  are  thus  capable  of  effecting  the 
substitution  of  their  positive  organic  groups  for  negative  elements,  they  can,  on  the 
other  hand,  in  certain  cases  replace  hydrogen  by  zinc,  forming,  for  instance,  with  am* 
monia  and  its  homologues,  a series  of  zinc-amides.  In  this  direction  the  following 
reactions  amongst  others  have  been  recorded : § 

+ 2N'*'H«  - N»Zn"n'  + 2(C=n».H) 

Zlnc-ethjl.  Ammonia.  Zincamidc.  Hydride  of  rthyl* 

Zn"(C?H*)’  + 2[N“(C*H»)H’]  - h‘'(C*H‘)’Zn"n»  + 2(C’H‘.H) 

Zinc-ethjrl.  AnillDe.  Zloiphenyltmide.  Hydride  of  ethyl. 

Zn(C’H*)>  + 2if'(C=0">)H*  = H»(C*H»)»Zn"n  + 2(C’H*.n) 

Zinc-etiiyl.  Oxamido.  Zincoxinide.  Hydride  of  ethyl. 

By  losing  one  atom  of  alcohol-radicle  the  organo-zinc-compounds  become  monatomic 
compound-radicles,  forming  compounds  which  have  been  but  little  examined.  The 
following  however  have  been  described:  jj 

Dinitromethy late  of  zinc-methyl  . . 

Dinitroelhylate  of  zinc-ethyl  .... 

Cadurtic  Sbrixs.^ — Only  one  member  of  this  series  is  known,  and  that  very  imper- 
fectly. Its  properties  appear  however  to  be  analogous  to  those  of  the  sinc-compounds. 

Tix  Skbies.** — A lai^  number  of  organo-metaUic  bodies  containing  tin  have  been 
described.  The  following  will  suffico  as  examples  of  the  several  classes  of  these  com- 
pounds : 


« Ho  fmann  and  Cahours,  Phil.  Trunt.  1SA7,  p.  S78.  t Frank  I and,  Phil.  Trana.  I M3,  n.  IS7. 

} Frank  land,  Proc.  Hoy,  Soe.  xii.  p.  9H6.  4 Frankland,  Proc.  Roy.  Soc.  viiT.p.SOX 

II  Frankland,  FMI.  Tranx.  1M7,  p.  4 Wanklyn,  Cham.  Soc.  Qu.  J.ix.  193. 

**  Frankland,  Phil.  Tram.  IM'i,  p.  417,  and  I8A9.  p.  401.  Caho  u ra  and  Riche,  Compe.  rend. 
XXXV.  91.  and  xxxTi.  1001.  Ldwig,  Ann.  Oh.  Pbarm.  Ixxxiv.  SOS.  A.Orlmm,  Aua.  Ch.  Pharra. 
xcit.Sav.  B lick  ton.  Phil.  Tram,  for  I HA9,  p.  433.  C a h our  s,  Aon.  Ch.  Pbyf.  Ivlll.  S3.  Strecke. 
Ann.  Ch.  Pharm.  rxxiii.  363. 
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a.  Stannous  Compounds. 

StannouB  methide,  or  Stanmethjl  . Sn''(CH*)* 


6.  Triatomxc  Compounds. 

Triaelhide  of  tin  . . [Sa“(CH*)*]*  | lodo-dimetbide  of  tin  . [Su"'(CH“;*IJ. 


c.  Stannic  Compounds. 

Stannic  methido Sn''(CH*)* 

Stannic  iodo-trimethide  ....  Sn‘*(CH*)*I 

Stannic  iodo-dimethide  ....  Sn‘’'(CH*)-I*. 

It  is  scarcely  necessary  to  observe  that  the  iodine  in  the  above  compounds  admits  of 
replacement  by  any  salt*forming  radicles  and  also  by  oxygen  or  sulphur. 

Stannous  compounds  are  oily  liquids  soluble  in  alcohol  and  ether,  but  insoluble  in 
vster,  and  possess  a pungent  odour.  They  cannot  be  distilled  without  decomposition, 
being  resolved  into  stannic  compounds  and  metallic  tin.  They  are  in  a state  of 
partial  chemical  saturation  only,  and  therefore  perform  the  part  of  radicles,  combin- 
ing directly  with  chlorine,  oxygen,  &c.,  and  forming  well-marked  bodies  of  great 
itabilitj. 

Stannous  compounds  are  diatomic,  and  unite  directly  with  free  oxygen,  chlorine,  &c., 
to  produce  bodies  of  the  stannic  form.  Thus  stannous  ethide  forms  with  oxygen,  stannic 
oxidiethide : 

Sn"(C*H‘)*  + 0 Sn*"(C‘H»)*0” 

Stannoui  ethide.  Stannic  oxidiethide. 

Stazmoos  compounds  have  never  yet  been  observed  to  play  a monatomic  part,  No 
triatomic  compound  has  beon  directly  formed  from  a stannous  body ; the  latter,  under 
the  influence  of  iodine,  oxygon,  &c.,  seems  to  pass  at  once  into  the  stannic  form. 

'rriatomic  compounds  of  the  form  (Sn"'R*  + )*  have  hitherto  been  very  little  examined. 
They  are  oily  liquids,  uniting  directly  with  negative  radicles,  forming  an  extensive 
•cries  of  compounds  belonging  to  the  stannic  class,  a considerable  number  of  which 
have  been  studied.  The  following  examples  will  sen'e  to  show  the  mode  in  which 
triatomic  compounds  of  this  form  pass  into  bodies  of  the  stannic  class  : 


[Sn‘"(C*H*)»]*  + I* 

Tri'Cthlde  of  tin. 


2Sn‘’(C*n»)»I. 

Sunoic  iodotriecblJe. 


Sn*’^(C*H»)*I  + I*  « Sn‘’^(C»H*)»P  + Cmn. 

Stannic  lodotri>  Stannic  Iodide  nf 

etbida.  ethide.  etb>l. 

Ko  reduction  of  a triatomic  compound  to  a stannous  compound  bus  yet  been  effected, 
although  it  can  scarcely  be  doubtfd  that  an  aqueotis  solution  of  diethiodide  of  tin,  for 
instance,  if  treated  with  zinc,  would  yield  stannous  ethide.  On  the  other  hand, 
staonic  ethide  or  methide  in  contact  with  iodine  is  transformed  into  a triatomic  com- 
pound, viz.,  diethiodide  of  tin : 

2Sn‘'(C^H»)*(CH*l*  + I*  - 2Sn'’(C'H*)»I  + 4CH*I. 

Sunnic  etbjrlo-dimethide.  ^ Dimethiodida  lodid**  of 

of  un.  tnetbrU 

/ 

Triatomic  compounds  of  the  form  R -h  ^ *are  very  little  known.  In  fact  the 

di^biodide  of  tin,  the  production  of  which  from  stannic  ethylodimethide  has  just  been 
mfDtione.1,  is  the  only  one  known  with  certainty.  It  is  a colourless  mobile  liquid, 
boiling  with  partial  decomposition  at  208^,  and  possessing  a most  insupportable 
fxlour,  resembling  essential  oil  of  mustard.  Heated  with  exci'ss  of  iodine,  it  is  trans- 
formed into  stannic  iododiethide : 


[Sn'"(C»H*)H]*  + I*  = 2Sn>’(C*H»)=I*. 

DMtbiodIde  of  tm.  SUiiole  lododielbide. 


Stannic  compounds  of  the  form  Sn’’R^  + are  colourless  mobile  liquids,  possessing 
» slight  ethereal  odour.  They  are  volatile  without  decomposition,  and  are  very  stable, 
lining  in  the  condition  of  chemical  saturation,  they  are  incapable  of  direct  combination. 
Nob^y  can  act  upon  them  .without  expeUing  one  or  more  atoms  of  positive  radicle. 
Thus,  when  heatea  with  hydrochloric  acid,  stannic  ethide  yields  stannic  chlorotriethide 
*u)d  hydride  of  ethyl : 


Sn'’(C*H»)*  + HCl 

Suiinie  ethide. 


- Sn"(C’H‘)*Cl  + 

.Stannic  rhinrotri-  Hydride 

ethide.  ofeihjl, 

Q 2 
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^ commonly  called  compounds  of  tesqui- 

stannethyl,  hare  been  comparatively  well  studied.  The  oxides  are,  in  the  anhydrous 
condition,  volatile,  limpid,  oily  liquids  which  readily  unite  with  water,  forming  crys- 
talline hydrates  which  have  a powerful  alkaline  reaction,  and  neutralise  the  strongest 
acids,  forming  an  extensive  series  of  salts.  These  salts  are  almost  all  soluble  in  water, 
readily  crystallisable,  and  of  a very  pungent  odour. 


Stannic  compounds  of  the  form  Sn*'" 


(R*  + 
R*- 


have  also  been  >ery  completely  inves- 


tigated. The  oxides  are  white  amorphous  powders,  insoluble  in  water,  alcohol,  and 
ether.  They  dissolve  in  hydrochloric,  hydriodic,  and  hydrobromic  acids,  forming 
colourless  and  inodorous  salts,  which  crystallise  in  fine  prisms.  Most  of  the  oxysalts 
can  also  be  obtained  in  the  crystalline  form,  either  from  aqueous  or  alcoholic  solutions. 

Stannic  compounds  of  this  form  are  readily  reduced  to  stannous  compounds  ; thus, 
when  a piece  of  zinc  is  plunged  into  a solution  of  stannic  chlorodie^de,  stannous 
ethide  is  produced : 


Sn«'(C*n‘)*Cl*  + Zn"  - Sn^C^H*)*  + Zn”CP. 

StAQitic  rhlorodl*  SUnaous  ethide.' 

ethide. 


Bismuth  Sebibs.* — These  bodies  have  as  yet  been  but  very  imperfectly  investigated. 
Bismuthous  tricthide  is  a colourless  or  slightly  yellow  mobile  liquid,  having  an  un- 
pleasant odour  like  that  of  stiU^thino.  Exposed  to  the  air,  it  gives  off  dense  yellow 
fumes,  inflames  spontaneously,  and  finally  explodes.  It  is  rety  unstable,  begins  to  de- 
compose at  60°  or  G0°  C.,  and  explodes  violently  when  heated  to  150°  C.,  a temperature 
still  l>elow  its  boiling  point.  No  direct  compound  of  this  body  has  yet  been  obtained  : 
it  behaves  like  a chemically  saturated  substance,  and  when  slowly  oxidised  in  contact 
with  water,  yields  alcohol  and  hydrated  oxide  of  bismuth. 

When  an  alcoholic  solution  of  mercuric  chloride  is  added  to  an  alcoholic  solution 
of  bismuthous  ethide,  mercuric  othochloride  crystallises  out,  whilst  bismuthous  dichlor- 
ethide  remains  in  solution: 


+ 2Hg"Cl*  - Bi'"(C’H*)Cl*  + 2Hg"(C*n‘)Cl 

BUmuthoui  Bismiithmii  Mercurie 

ethide.  dichtarrUiide.  chlorethide. 


From  the  bismuthous  dichlorethide,  the  diiodide  and  dioxyethide  are  prepared  by 
double  decomposition,  whilst  the  simultaneous  action  of  sulphuretted  hydrogen,  water, 
bismuthous  ethide,  and  atmospheric  oxygen  is  said  to  produce  the  double  compound  of 
bismuthous  sulphide  and  bismuthic  sulphotriethide. 

Lead  — Plumbic  ethide,  Pb**(C*H*)*,  and  its  derivatives  only  are  known  in 

this  series. 

Plumbic  ethide  is  a colourless  limpid  fluid,  soluble  in  ether,  but  insoluble  in  water, 
and  possessing  a faint  odour.  It  is  not  acted  upon  by  oxygen  at  ordinary  temperatures, 
but  chlonne,  bromine,  and  iodine  act  violently  upon  it.  Plumbic  ethide  belongs  to  the 
class  of  saturated  bodies,  and  is  consequently  incapable  of  forming  compounds.  When 
it  is  treated  with  hydn^hloric  acid,  hydride  of  ethyl  separates  and  plumbio  chloro- 
triethide  is  formed: 

PW*((PH»)*  + nCl  « Pb*’(C*H*)'Cl  + 

Plumbic  ethide.  Plumbic  chloro>  Hjrdride  of 

trietbide.  ethyU 

From  plumbic  chloro-tri ethide  the  sulphate  and  other  salts  can  be  prepared  by 
double  decomposition.  These  salts  may  also  be  obtained  still  more  readily  from  the 
oxide,  which  is  a crystalline,  volatile,  pungent  body,  possessing  a powerful  alkaline  re- 
action, and  attracting  carbonic  acid  from  the  air. 

Mbbcuric  Series. This  series  is  confined  to  bodies  of  the  mercuric  type,  no 
organo-mercuroos  compound  having  been  yet  produced.  The  following  aze  examples 
of  bodies  belonging  to  this  series; 

Mercuric  methiodide Hg"  | 

Mercuric  ethonitrata  • • . . . Hg"  | 

Merciiric  amylide 


• Breed.  Ann.  Ch.  Pherm.  UxxH.  lOfi;  Diinhaupt,  Ann.  Ch.  Pharm.'’*cU.  S7L 
t L6  w I g,  Ann.  Ch.  Pharm.  lixxvfii.  3IS|  Buck  ton.  Phil.  Tram.  p.  417. 

{Franklaitd,  Phil.  Trana.  185:1,  p.  il'S,  and  Phil.  Trana.  1859,  p.  409  ; DUn  h aup  t,  Ann.  Ch 
Phann.  xcii.  371  ; Strecker,  Aon,  Ch.  Pharm.  xcii.  57  ; Buckton,  Phil,  Trau.  18M,  p.  163  aod 
1859,  p.  417.  Frauklandand  Doppa,  Journ.  of  Chem.  Soc.  srl.  p.  4l5.  ‘ 


Digitized  by  Google 


ORGANO-METALLIC  BODIES. 


229 


Mercuric  methid<^»  mercuric'  ethide  and  mercuric  amylide  are  colourlcM,  ethereal, 
Tolatile  liquids,  insoluble  in  water,  but  soluble  in  alcohol  and  ether,  and  possessing  great 
stability.  They  are  in  a state  of  maximum  saturation,  and  cannot  therefore  unite  with 
snr  other  body  without  the  displacement  of  an  equimlent  of  positive  radicle.  Thus 
vitb  bromine,  mercuric  etbide  gives  bromide  of  ethyl  and  mercuric  etbylobromide : 

Hg"(C"n»)*  + Br*  « ng''(C»H‘)Br  + C'H^Br. 

Mercuric  ethide.  Mercuric  Bromide  of 

eth>lobromid«.  ethjL 

Mercuric  methide  possesses  the  highest  specific  gravity  of  any  known  non-metallic 
liquid  (3  069).  Flint-glass  consequently  fioats  upon  its  surface.  Brought  into  contact 
with  mercuric  iodide,  mercuric  methide,  mercuric  ethide  and  mercuric  umylide  aro 
coarerted  respectively  into  mercuric  methiodide,  mercuric  ethiodide  and  mercuric 
amjUodide : 

Hg-(CH>)>  + Hg"I»  = 2[Hg"(CH*)I], 

Mercuric  Mercuric 

methide.  methiodide. 

The  reaction  with  mercuric  chloride  is  exactly  analogous.  The  hydrates  of  mercuric 
methoxide  and  mercuric  ethoxide  are  caustic  alkaline  bases,  capable  of  expelling  am- 
monia from  its  salts,  and  behaving  in  a manner  similar  to  the  corresponding  monatomic 
compounds  of  tin  and  lead.  The  remaining  mercury-compounds,  which  may  be  con- 
sidered as  derivatives  of  these  two  bodies,  are  represented  in  the  above  list  by  the 
iodides  and  nitrates : they  generally  crystallise  very  readily,  and,  with  the  exception  of 
the  haloid  compounds,  are  soluble  in  water.  The  bebavdour  of  mercuric  methide, 
elbide  and  amylide  in  contact  with  zinc  has  already  been  de.<icribed  as  the  basis  of  a 
method  for  procuring  tlie  zinc-compounds  of  the  respective  hydrocarbon  radicles.  When 
the  iodide,  bromide,  or  chloride  of  an  oigano-mercurial  body  is  treated  with  an  organo- 
zinc  compound,  the  negative  element  becomes  replaced  by  the  alcohol-radicle  of  the 
zme-compound ; thus,  when  mercuric  methiodide  is  treated  with  zinc-methyl,  mercuric 
mfthide  is  produced.  And  it  is  believed  that  by  acting  upon  mercuric  ethochloride 
with  rinc-metbyl,  mercuric  ethylomethide  is  formed; 

2[Hg-(CH»)Cl]  + Zn"(CH-)*  « 2[ng"(C*H*XCn»)]  + Zn"Cl*, 

Mercuric  ethochloride.  Zlnc-metbjl.  Mercuric  cthjlomethide. 

bat  this  body  has  not  yet  been  obtained  in  a state  of  parity;  distillation  gradually  re- 
•elret  it  into  mercuric  methide  and  mercuric  ethide : 


2[Hg-(C’H‘)(CH-)l 

Men. uric  etlijrlomeibide. 


Hg"(CH*)>  + Hg-CC’H*)’. 

Merrurle  Mercuric  ethide. 

methide. 


A-vmcoyr  Series.* — This  important  scries  of  organo-metallic  bodies  contains  a 
greater  number  and  variety  of  compounds  than  any  other,  with  the  exception  of  the 
arsenic  series.  Tbe  remarkable  polyatomic  character  of  antimony  and  arsenic  not  only 
renders  the  possible  number  of  their  organo-compounds  very  large,  but  the  variations  in 
the  proportions  of  the  positive  and  negative  molecules  gives  an  extremely  wdde  range  to 
their  chemical  character,  extending,  as  it  does,  from  highly  caustic  bases  on  the  one 
band  to  powerful  bibasic  adds  on  the  other.  The  following  are  the  principal  compounds 
' : to  this  series : 


Trimethylstibine  ......... 

Antimonic  Trimethoxide Sb*(CH*)*0. 

Iodide  of  tetramethylstibonium  or  antimonic  tetramethiodide  , SV(CH*)*I. 

Hydrate  of  tetramethylstibonium  or  antimonic  tetramethylbydrate  Sb’(CH*)XHO). 

Amimonic  Trimethosulphate  .......  Sb*(CH*)*(SO*)". 

Antimonic  Triamylnitrate 8b*(CH‘)*(NO*)% 

It  is  remarkable  that  we  have  as  yet  no  decisive  evidence  in  this  series,  of  the  ex- 
istence of  a compound  corresponding  to  cacodyL  It  is  true  that  such  a body  has  been 
described  under  the  name  of  stibhiamt/l,  but  subsequent  experiments  have  failed  to  con- 
firm its  existence.  Amongst  organo-antimony  compounds,  therefore,  the  mc^t  simple 
form  is  + . Bodies  of  this  form  are  the  analogues  of  ammonia,  and  need  not 

he  here  further  noticed.  The  pentatomic  oigano-antimonial  compounds  of  the  form 

Sh*  j _are  also  the  true  analogues  of  ammonium-compounds. 

The  remaining  compounds  of  this  series  are  constructed  upon  the  model  Sb’ j 
I^en  two  atoms  of  are  replaced  by  diatomic  oxygen,  these  compounds  constitute 


* howls.  Ann.  Ch.  Pbarm.  Izxv.  81S,  397;  Landolt,  iM,  Iziviii.  91  ; Buck  too,  Chom.  Soc. 
9^  J>xUi.  Wbi  Hofmann,  tM.  zl.  316. 
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what  may  be  termed  biacid  antimony  baaeg.  They  are  formed  either  by  the  direct 
union  of  the  stibaminea  Sb"T{’  + with  oxygen : 

Sb"|R+  + O - 

or  as  hydrates  by  the  decomposition  of  the  corresponding  haloid  compounds  by  means 
of  potash  : thus — 

+ 2KHO  - + 2Ka 

The  stibamincs,  although  in  other  respects  the  perfect  analogues  of  the  nitramines, 
here  ea'idently  exhibit  a much  more  highly  positive  character,  uniting  with  oxygen  to 
energetically  as  to  1>6  spontaneously  inflammable  in  the  lower  portion  of  the  senes. 

The  biacid  antimony  bases  are  colourless,  transparent,  amorphous,  and  viscous 
bodies ; the  ethyl  base  is  easily  soluble  iu  water  and  alcohol,  but  somewhat  less  soluble 
in  ether.  They  possess  a bitter  taste,  are  non*volatUe,  and  do  not  suffer  any  change 
when  exposed  to  the  air.  Treated  with  potassium  they  are  reduced  to  stibamines : 

Fuming  nitric  acid  decomposes  the  biacid  bases  with  ignition ; but  when  they  are 
treated  with  dilute  nitric  or  other  acid,  the  respective  biadd  salts  are  produced.  The 
oxysalts  are  soluble  in  water  or  alcohol;  most  of  them  crystallise  without  much  difli- 
cully,  as  do  also  the  antimonic  biniodides  ; but  antimonic  triethobromide  and  trietho* 
chloride  are  liquids  not  volatile  without  decomposition,  insoluble  in  water,  but  soluble 
in  alcohol  and  other. 

The  existence  of  antimonic  triethoxiodide  has  been  proved  by  Strecker.  It  had 
previously  been  regarded  by  Merck  as  a protoiodide  of  stibethine  (Sb(C*H*)*I). 

Au.ssxic  Series.* — This  series  is  perhaps  the  most  important  and  interesting 
amongst  oigano-metallic  bodies;  it  contains  the  first  discovered  organo-metal,  cacod  y 1, 
the  classical!  investigation  of  which  by  Bunsen  not  only  imparts  a completeness  to 
our  knowledge  of  this  series,  but  has  afforded  the  clue  to  the  successful  interpretation 
of  many  phenomena  met  with  in  other  analogous  families.  It  will  be  convenient  to  divide 
its  very  numerous  members  into  three  groups. 

i P* 

A.  Oigano-arscnical  compounds  of  the  typo  | 

B.  Organo-arsenical  compounds  of  the  type  As^'R*. 

C.  Organo-arsenical  compounds  of  the  type  As^B*. 

All  arsenical  compounds  permit  of  being  arranged  under  these  three  types.  The 
following  are  a few  of  the  principal  bodies  already  investigated : 

A.  Organo-arsenical  compounds  of  the  Typo  As‘|^* 

Cacodyl As*(CH*)* 

Ethylic  cacodyl ....  As*(C*H*)^. 

B.  Organo-arsenical  compounds  of  the  Type  As^B*. 

Chloride  of  cacodyl  . . As"'(CH*)*Cl 

Chloride  of  cacopintyl  . . Aa'"(CH*)(CPt"H)Cl 

Arsenious  ox}*methide  . As'"(CH*)0" 

• Arsenious  dichloromethide  . As^XCH^lCl* 

Trimethylarsine  . As'“(CH*)* 

C.  Organo-arsenical  compounds  of  the  Type  As*B*. 

This  group  may  be  conveniently  divided  into  four  fiunilies  or  sub-types,  viz. : 

!R  + 

and  their  derivatives: 

Monomethyl-orsenic  acid  ....  As»(CH*)0"(H0)* 

Arsenic  oxydichlormethide ....  As*(CH*)0"Cl* 

Arsenic  tetrachJormethide  ....  Aa’(CU*)CB. 

• C*del  (l7Gn),M6n].  de  Math,  et  Phfi.  de  S*»anti  6Crans.  iM.|638;  Th^nard,  Ann.  Ch.  HI.  bi 
Bnnten.  Ann.  Ch.  Phnrm.  xxiv.  ?7  i xx»ti.  I ; xlii.  14  : xl?i.  ).  Frank  land.  Ch.  Soc.  Qu.  J.  ii’ 
2^9  ; Cahouri  et  Riche,  Compt.  rend,  xzxvi.  1001  j Landol  t,  Ann.  Ch.  Pharm.  Ixxxix.301  : H o f> 
mann,  Chrm.  Soc.  Qu.  J.  xl.  3lfi.  Baeyr,  Ann.  Ch  Pharm.  c»(l.  2S7  ; cr. 
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f R*  + 

h,  Bodid6  of  the  form  As*  j and  their  derivatires : 

Cacodylic  acid Aa*(Cn’)*0"(H0) 

Terchloride  of  cacodyl  ....  A.8*(CH*)*Cl*. 

^ R*  + 

c.  Bodies  of  the  form  As*  j , and  their  deriratires  : 

Arsenic  triethoxide A8*(C’H*)"0'' 

Arsenic  trietbosnlphate  ....  As*(C*H*)*(SO^)'' 

Arsenic  trielhochloride  ....  As’^C’H^/Cl*. 

< p4  4. 

i.  Bodies  of  the  form  As*  j _ 

Hydrated  oxide  of  tetramethylarsonium  or  arsenic 

tetramethydrate As*(CH*)*(HO) 

Iodide  of  tetramethylarsonium  or  arsenic  tetrameth- 

iodide As*(CH*)‘I. 

Nitrate  of  dimethyl-diethylarsonium  or  arsenic 

dimethyhdiethylnitrute As*(CH“)*(C*n*)’(NC)*). 

(R* 

The  organo-arsenical  compounds  belonging  to  the  type  As’j^s  contain  only  posi* 

tire  radicles.  They  are  volatile  poisonous  liquids,  insoluble  in  water,  but  very  soluble 
in  alcobul  and  ether,  and  possess  an  insupportable  odour.  The  lower  members  of  the 
family  are  spontaneously  inflammable,  whilst  the  higher  ones  also  rapidly  oxidise  in  air. 
They  unite  with  negative  elements  with  great  energy,  manifesting  in  tbeir  combinations 
cither  a monatomic  or  a triatomic  character,  and  produc  ng  bodies  either  of  the  form 

As”  ^ or  Thus  cacodyl  forms  with  chlorine,  chloride  of  cacodyl 

and  trichloride  of  cac^yl : 


- 2[Aa'"(CH»)»Cl]. 

Cacodyl. 

Chloride  of  cacodyl. 

a^iUCH*)*  . pi* 

- 2[As*(CH>)*a*]. 

Cacodyl. 

Trichloride  of  cacodyl. 

Heated  to  400®,  cacodyl  splits  up  into  metallic  arsenic,  hydride  of  methyl,  and  olefiant 
As»(Cn»)»  - As*  + 2(CH».H)  + OR*. 

Cacodjrl.  H;drid«oT  methyl.  Ethylene. 

Bodies  of  this  ty'pe  can  be  regenerated  by  reducing  agents  from  many  of  their  mon* 
atomic  compounds ; thus  chloride  of  cacodyl  and  metallic  einc  give  cacodyl  and  chloride 
of  zinc  L 

+ Zn  = 2,a”CV. 

Org»no-M.enical  compound,  of  the  type  A.'"R’  are  of  three  forma,  viz. : 

(1)  A."E>+  (2)  (3) 


Those  belonging  to  the  first  are  termed  arsines,  and  are  the  analogues  of  ammonia; 
hut,  like  the  corresponding  antimony  compounds,  in  addition  to  their  alkaloid  function, 
they  have  the  power  of  combining  with  two  negative  atoms,  forming  bodies  of  the 

»uh-type  As*|^j^.  Thns  triethylarsinc  combines  with  oxygen  to  form  arsenic  oxy- 

tnethide.  The  lower  members  of  the  type  possess  this  property  to  such  an  extent  as 
to  reader  them  spontaneously  infiammable  in  the  air. 

Compounds  l.»eloDgiDg  to  the  second  of  the  above  forms  are  produced  by  the  direct 
fombination  of  the  cac^yls  with  negative  elements.  When  the  negative  element  is 
the  diatomic  character  of  the  latter  doubles  the  t^me,  which  then  becomes 

Ai*|R’+.  The  oxides  are  bases  of  comparatively  feeble  power,  slowly  combining 

water  and  two  additional  atoms  of  oxygen,  to  form  acids.  Thus  oxide  of 
by  exposure  to  air  and  moisture,  slowly  passes  into  cacodylic  acid: 


A8-(CH>)*0"  + 0*  + H*0  - 2As*(CH>)*0"(0H). 

Oxide  of  c.icodyl.  Cacoilyllc  acid. 

The  chlorine,  bromine,  and  iodine  compounds  of  the  form  we  are  now  considering 
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are  volatile  Eeutral  bodies,  which  may  be,  regarded  as  the  haloid  salts  of  cacodyl 
Heated  in  contact  with  platinio  chloride,  the  cacodyl  presents  an  interesting  reaction 
two  atoms  of  hydrogen  in  the  chloride  of  cac<^yl  become  replaced  by  a diatonic 
molecule  of  platinum,  producing  chloride  of  cacoplatyh 


fCII* 

As"  Jen*  + 

I Cl 

Chlorice  o'cacodji. 


Pt'a* 


fCH* 

CPt"H  + 
Cl 

Chloride  of  cecopUtrl. 


As" 


2Ha. 


Cacoplatyl  forms  a series  of  compounds  analogous  to  those  of  cacodyl. 

The  only  compounds  of  the  third  form  yet  known  belong  to  the  methylie  group. 
Arsenious  oxymethido  is  a crystalline  body  of  a neutral  character,’ soluble  in  water, 
alcohol  and  ether,  unchanged  by  exposure  to  air,  but  transformed  by  distillation  with 
hydrate  of  potassium  into  arsenious  acid  and  oxide  of  cacodyl ; 


4As" 


.jCH* 

I 0" 

Arienloui  oxymetblde. 


+ 2 


: ;!o" 


'0* 

OK 

,0K 


0" 


„ ((CH*)* 

+ As*  (CH*)» 

( 0” 

Olide  of  cacodfls 


Hydrochloric  acid  conrerta  it  into  arsenioua  dichlonnethide : — 

As"  + 2HC1  = 

Ar«eniou»oxjm«lhlde.  Aneniout  dlchlormcthlde. 

Hydrobromic  and  bjdriodic  acida  produce  a perfectly  analogotu  change,  whilst  snl' 
phurettod  hydrogen  transforms  it  into  arsenious  sulphomethide. 

The  chlorine,  oromine,  and  iodine  compounds  are  neutral  bodies  of  considerable  sta- 
bility ; the  two  former  are  liquid,  the  latter  solid  and  crystalline.  By  the  action  of 

chlorine  or  oxidising  agents,  they  are  transformed  into  bodies  of  the  form 

Organo-arsenicsl  compounds  have  been  more  thoroughly  investigated  in  the  direction 
of  the  type  As^R*  than  in  any  other ; consequeutly  we  find  these  bodies  rather  nu- 

^ ^ which  latter  bodies  are 

the  strict  analogues  of  the  compounds  of  ammonium. 

The  Suihtype  As^jj^i^  has  yet  only  been  explored  in  the  methylie  group.  The 

oxygen  compound  constitutes  anhydrous  monomethyl-arsenic  acid,  a direct  derivative 
from  arsenious  oxymethide  : 

A8***(Cn>)0"  + Ag*0"  - As"(CH>)d»  + 2Ag. 

Ar«cniou«  oxymethide.  MoaomethyUreeDic  xckt. 

This  acid  is  dibasic,  forming  stable  and  well-defined  crystallisable  salts,  the  formula 
of  which  are  represented  by  the  general  expression : As’(CH*)0'‘(M0)*. 

The  chlorine  compound  is  cxce^inglj  unstable ; it  may  however  be  formed  at  — 19®  C., 
but  is  transformed  at  0®  C.  into  arsenious  chloride  and  chloride  of  methyl : 

As’(CH»)Cl*  « As*"Cl*  + CH«CI. 

Anenic  tetrxcblonnetblde.  Chloride  of  methyl. 


Arsenic  oxydichlormethide  is  a somewhat  more  stable  body  formed  by  the  direct 
union  of  chlorine  with  arsenious  oxymethide. 

Aa”*(CH>)0  + Cl*  - As’'(CH*)0"a*. 

Ar>«Diout  oxymethide.  Arxenie  oxydichlormethide. 


Nevertheless,  even  this  compound  readily  decomposes,  with  evolution  of  chloride  of 
methyL 

t R*  + 

Sub-t^  As^  j The  oxygen-compounds  are  feeble  monobasic  acids  of  which 
cacodylic  acid  may  be  regarded  as  the  representative.  They  are  derived  from  tha 


bodies  As* 


{ 


4.  by  direct  oxidation  as  already  described. 
O 


Cacodylic  acid  is  remarit- 


able  for  its  stability ; neither  fuming  nitric  acid  nor  a mixture  of  sulphuric  and 
chromic  acids  attack  it,  even  at  the  boiling  point,  and  it  may  be  heated  to  200®  with- 
out alteration.  Although  it  is  soluble  in  water  and  contains  upwards  of  54  per  cent, 
of  arsenic,  yet  it  Is  not  in  the  least  poisonous.  Several  agents  reduce  cacodyhc  acid  to 
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tkf  tnenioui  or  even  to  the  diatomic  form.  Thua  phosphorus  acid  transforms  it  into 
cacodjl : 


/cn» 

CH> 
O" 
OH 

Candrlic  acid. 


2Aj» 


3F" 


OH 

OH 

OH 


2As' 


,(CH* 

}CH» 


0" 

OH 
OH 
OH 

Photphoric  tci<f. 


SP’ 


CModyl. 

Zinc  also  produces  the  same  result.  Hydriodic  acid  gas  converts  cacodylic  acid  into 
srtcnious  dimethiodide ; 


r(CH-)« 
As’^  0" 

( OH 


3HI 


- + I*  + 2H»0. 


Ths  acid  character  of  this  body  is  so  slightly  marked  as  to  render  it  capable  of 
funning  compounds  in  which  it  appears  to  play  tie  part  of  a base.  Thus  with  hydro- 
(noric,  hydrochloric  and  hydrobromic  acids,  it  forms  the  following  compounds : 

((CH>)*  f(CH>)>  f(CH*)> 

As'i(HO)>,  AsM(HO/  and  As'J(HO)’ 

( F I Cl  I Br 

Salphocacodylic  acid  has  not  yet  been  isolated,  but  its  salts  present  the  same  rela- 
tions to  those  of  cacodylic  acid,  as  salts  of  sulphur-acids  generally  bear  to  those  of  oxy- 
•cida.  Their  formula  is,  Aa'(CH*)’S"(MS). 

s T51  . 

The  8ub-typt  ki*  j ^ has  hitherto  been  rery  little  explored,  but  so  far  as  it  is 

born,  its  members  bear  so  close  a resemblance  to  their  analogues  in  the  antimony- 
•eries,  as  to  require  no  further  notice. 

TxLLnurM  Seoies.* — The  close  relations  of  tellurium  to  sulphur  and  selenium  place 
the  bodies  of  this  series  in  the  same  position  with  re^ird  to  the  sulphides  and  selenidcs 
of  the  alcohol-radicles  as  the  antimony  and  arsenic  series  stand  in  relation  to  the  cor- 
ra^oding  compounds  of  phosphorus  and  nitrogen. 

The  following  are  some  of  the  chief  bodies  belonging  to  this  series: 


Tell  uri  u m -m  ethyl 
Tellurous  dimethoxide  . 
Tellnrous  dietbiodide 
Tellurous  diethosulphate 


Te<CH»)* 

Te(CH*)»0" 

Te(C»H*)*n 

Te(C*H*)*(SO«)‘'. 


The  compounds  of  the  alcohobradicles  with  tellurium  are  volatile  liquids  of  most 
unbearable  odour.  They  oxidise  readily  in  contact  with  air,  forming  the  respective 
oxidea  Tellurium-amyl  has  not  yet  been  obtained  in  a state  of  purity. 

The  oxides  of  these  bodies  arc  powerful  bases,  expelling  ammonia  from  its  salts,  and 
uttneting  carbonic  acid  from  the  air.  They  form  B&iia  of  considerable  stability,  which, 
a*  veil  as  the  oxides  themselves,  yield  the  original  oxgano-tellurium  compoundis  when 
treated  with  sulphurous  acid : 


2Te«|(^^‘)’  + 2S'’ 

Tplluftmi  Suipburou* 

dicthoalde.  acid. 


I(0H)> 


® j(C*H*)> 


Te» 


Tellurium 

ethyl. 


+ 


^®’‘|(0H)« 

Sulphuric 

acid. 


Constitution  of  Organo^metallic  Bodifs, 

Oigano-metallic  bodies  may  be  regarded  as  constructed  upon  the  tvpes  of  the  in- 
organic chlorides,  sulphides,  oxides,  &c.,  of  the  respective  metals  which  they  contain, 
the  chlurine,  oxygen,  sulphur,  &c.,  being  replaced  in  equivalent  proportion  and  fre* 
qoently  step  by  step  by  the  alcohol-radicles. 

A reference  to  the  formulae  of  organo-potassium,  sodium,  and  lithium  compounds 
when  disentangled  from  that  of  the  zinc-compound  with  which  they  have  hitherto 
remained  inseparatcly  associated,  shows  that  they  are  formed  upon  the  monatomic 
type  of  the  protochlorides,  &c.,  of  these  metals,  MCL 

The  zinc,  cadmium,  and  mercury  compounds  are  all  formed  upon  the  diatomic  type, 
represented  by  tbe  chloride  of  zinc,  Zn"Cl* 

In  like  manner  organo-aluminium  compounds  are  formed  upon  the  type  of  the  tri- 
chloride of  that  metul, 

Organo-tin  compounds  are  represented  by  the  three  chlorides  of  tin : Sn"Cl^,  Sn'"Cl*, 

Sn*'a*. 

* Woh  1«r,  Aon.  Cb.  Phann.  aaxv.  112,  Uzzlv.  C9 ; Uallet,  ibid-  IzaiXa  22S}  Wohleraod 
xcUl.231. 
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The  compOQods  of  the  bismuth-s^^riee  are  repreeented  hj  the  trichloride  of  bismath 

and  by  bismuthic  add  : Br'Cl*  and 


Oi^DO-lead  compoundB  are  arranged  under  the  type  of  peroxide  of  lead : Pb**  < 

l^WfC 


The  arsenic  and  antimoni/  aeries  have  for  their  types  the  following  inorganic 
compounds : 


A.'-a* 


" JOH 


Sb”Cl* 


Sb*Cl*. 


The  inorganic  models  for  the  tellurium  aeries  are  chloride  of  tellurium  and  tellurous 
acid  : Te'  CP  and  To**0‘. 

Occasionally  an  abnormal  compound  has  made  its  appearance,  such  as  ethostibilic 
acid,  Sb*(C*H*)*0*  or  iodide  of  triethylstibine,  Sb(C"H*)*J  ; but  further  research  has 
invariably  demonstrated  the  incorrectness  of  such  formula  and  the  conformity  of  the 
bodies  with  the  normal  inorganic  types.  Indeed  this  law  may  now  be  regarded  as 
completely  established  so  as  to  be  applicable  to  the  control  of  the  furmuls  of  new 
orgaiio-metallic  l)odies. 

From  the  point  of  view  thus  aflTorded,  it  is  interesting  to  watch  the  effect  of  the 
substitution  m metallic  compounds,  of  basylous  or  positive  for  chlorous  or  negative 
radicles.  Such  a substitution  affords  striking  evidence  of  the  dependence  of  the 
chemical  characU'r  of  a compound  upon  that  of  each  individual  constituent.  The 
highly  polyatomic  metals,  such  as  arsenic  and  antimony,  exhibit  this  dependence  in  the 
most  conclusive  manner.  Thus  tribasic  arsenic  acid,  by  the  substitution  of  methyl  for 
half  an  atom  of  oxygen,  ^elds  the  dibasic  monometbyl-arsenic  acid,  a well-defined  acid 
of  considerable  energy,  though  inferior  in  chlorous  power  to  arsenic  acid.  The  like  sub- 
stitution of  a whole  equivalent  of  oxygen  by  methyl  reduces  the  chlorous  charaster  of 
the  body  to  the  comparatively  feeble  condition  in  which  we  find  it  in  cacodylic  acid, 
which  is  incapable  of  forming  an  ummonia-salt.  A similar  substitution  for  the  third 
time,  overpowers  the  acid  attribute  of  the  compound  altogether,  and  we  now  have  a 
feeble  biacid  base,  the  arsenic  oxytrimethide,  wnich  again,  by  the  exchange  of  oxygen 
for  a fourth  atom  of  metbvl,  is  transformed  into  the  oxide  of  tetramethyiarsonium,  a 
base  of  such  energy  as  to  ^ comparable  with  the  caustic  alkalis  themselves. 

The  behaviour  of  the  oigano-metaliic  bodies  teaches  a doctrine  which  affects 
chemical  compounds  in  general,  and  which  may  be  called  the  doctrine  of  atomic  satu- 
ration. Kach  element  is  capable  of  combining  with  a certain  limited  number  of  atoms; 
and  this  number  can  never  be  exceeded,  although  the  energy  of  its  affinities  may  have 
been  increased  by  combination  up  to  this  point.  Thus  zinc  appears  to  attain  its  atomic 
saturation  by  uniting  with  two  atoms  of  another  body ; in  other  words  it  is  diatomic ; 
consequently  the  zinc  compounds  of  the  alcohol-radicles,  notwithstanding  their  intense 
affinities,  are  incapable  of  direct  union  with  other  bodies.  The  action  of  chlorous 
elements  upon  them  is  one  of  substitution,  not  of  combination.  Polyatomic  metals  ex- 
hibit the  same  phenomenon.  An  atom  of  tin  cannot  combine  with  more  than  four 
atoms,  an  atom  of  arsenic  or  antimony  with  more  than  five  atoms  of  other  bodies  ; but 
in  the  combination  of  polyatomic  metals,  we  frequently  notice  between  the  lowest  and 
the  highest  compound  one  or  more  intermediate  points  of  exalted  stability ; thus  anti  • 
mony  has  a triatomic  stage  of  comparative  stability;  nitrogen,  pboepborus,  and  arsenic, 
whilst  exhibiting  a similar  triatomic  stage,  have  also  a diatomic  one,  though  of  greatly 
inferior  stability ; whilst  the  existence  of  nitrous  oxide  and  of  the  organic  compounds 
recently  discovered  by  Griesa  renders  it  more  than  probable  that  nitrogen  has  a third 
and  monatomic  stage. 

In  bodies  possessing  at  least  one  stage  of  stability  below  saturation,  and  in  which  all 
the  atoms  imited  with  the  polyatomic  element  are  of  the  same  kind,  the  stage  of  max- 
imum stability  is  very  rarely  that  of  saturation.  Thus,  in  nitrogen,  arsenic,  and 
bismuth  compounds  of  the  kind  just  mentioned,  the  stage  of  maximum  stability  is 
decidedly  the  triatomic  one ; in  antimonial  compounds  of  a similar  nature  the  triato- 
mic  is  also,  though  less  decidedly,  the  stage  of  maximum  stability,  whilst  in  phospho- 
rous compounds  the  points  of  maximum  stability  and  of  saturation  generally  coincide. 
When,  however,  the  atoms  united  with  the  polyatomic  element  are  not  of  the  same  kind, 
then  the  stage  of  maximum  stability  usually  coincides  with  that  of  saturation.  Thns 
the  oxide  or  dichloride  of  triethylarsine  or  triethylstibine  are  more  stable  than  triethvl- 
orsine-,  or  triethylstibine  themselves ; but  this  pontatomic  stability  reaches  its  climax*  in 
arsonium,  stibonium,  and  phosphonium  compounds,  as  it  does  also  in  the  corres- 
ponding compounds  of  nitrogen,  although  the  latter  element  exhibits  a much  stronger 
tendency  towards  universal  triatomic  stability  than  its  chemical  associates. 

In  polyatomic  organo-metallic  bodies,  it  is  remarkable  that,  with  few  exceptions, 
the  positive  hydroewbons  hold  their  position  much  more  tenaciously  than  the  a»eo- 
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riat^  D^tire  eonstituenta ; and  'wo  thus*  frequeotlv  find  the  former  accompanjing 
the  met&l  through  a vast  number  of  compounds,  tience  the  group  formed  by  the 
ineul  and  positive  bjdrocarboos  has  come  to  be  regarded  as  a compound  radicle.  Thus 
eacodji  is  conceived  to  be  the  radicle  of  the  whole  scries  of  cacodyl  compounds.  I3ut 
bowerff  great  may  be  the  couvenicnce  of  this  mode  Of  viewing  organo^metallic  com- 
pounds, and  the  same  mode  has  notoriously  been  extended  to  nearly  all  organic  bodies, 
it  must  not  be  forgotten  that  it  is  a purely  artificial  distinction,  which  has  no  real  ex- 
istence, either  in  the  caae  of  organo-metallic  bodies,  or  in  that  of  organic  bodies  in 
general. 

A close  examinatioD  of  the  habits  of  the  so-called  organo-roetallic  radicles  shows 
clearly,  that  their  atomic  power  depends  upon  their  position  with  regard  to  the  stages 
of  stability  and  maximum  saturation ; thus  they  are  monatomic  when  the  number  of 
positive  groups  is  one  less  than  that  ^uired  to  reach  either  the  maximum  saturation 
of  the  metal,  or  a lower  stage  of  stability.  Cacodyl  and  tetramethylarsonium  (the  single 
atom),  for  instance,  are  monatomic  radicles,  because  they  are  respectively  one  atom 
short  of  the  stage  of  stability,  and  of  maximum  saturation : 


Mooatomie  lUgt. 


CH» 

CH» 


Cacodjl. 


SUge  of  aUbilltr. 

fCH* 

As'y  cn« 

Ici 

Chloride  of  cacodyl. 


Ifoaatemle  stage. 

fCH* 
;CH* 

1 CH> 

lcn» 


As' 


Tetramethyl. 

artonlum. 


Stage  of  maxtnum  saturation . 

/CH' 

|CH» 

As’JCH* 

CH' 

I Cl 

Chloride  of 
teCramethjUrsoaiuin. 


It  is  obvious  that  a compound  radicle,  the  number  of  whose  positive  atoms  is  below 
that  of  a stage  of  f^bility,  can  have  a double  atomic  character.  Thus  cacodyl  is 
eonetimes  monatomic,  as  in  oxide  of  cacodyl ; and  sometimes  triatomic,  as  in  cacodylic 
acid.  Again  arsenio-rnonomethyl  (AsCll*)  is  diatomic  in  arsenious  oxymethide, 


and  tetratomic  in  monometbylarsenic  acid : As* 


CH» 

0" 

(OH)- 


E.  F. 


OSOAjrxnM«  See  Mabjoram. 

OEOPZOir.  Syn.  with  Rock-soap. 

O&PIMSJTT.  Native  trisulphide  of  arsenic  (i.  387). 

0ES8XEXJB.  Syn.  with  Abchil. 

OEsnESSZO  AC13>.  Syn.  with  Obsbujntc  Acid. 

OMSSItXtXC  ACZS,  Stenbouse  designated  the  acid  obtAined  from  South  American 
RfjcctUa,  by  maceration  with  milk  of  lime,  &c.,  as  a-orsellic,  and  that  prepared  in 
like  manner  from  South  African  Roccdla  as  /3-orsellic  acid.  The  former  is  very  much 
li^  lecanoric  acid  (iii.  666),  and  perhaps  identical  with  it.  The  latter  is  con- 
tained, together  with  rocccllinin  (j.  v.)  ir.’  the  precipitate  thrown  down  by  hydro- 
chkvic  acid  from  the  lime-extract  of  the  Cape  lichen ; on  exhausting  this  precipitate 
>vpeatedly  with  water,  the  roccellinin  remains  undisMlved,  while  toe  3-orsellic  acid 
crystallises  from  the  filtrate.  It  appears  to  be  somewhat  loss  soluble  in  boiling  water 
than  o-orscllic  acid,  and  gives  a block  precipitate  with  acetate  of  lead.  It  has  however 
the  Nime  composition  as  a-orsellic  and  lecaooric  acid,  forms  salts  exactly  resembling 
the  latter,  and  behaves  in  the  same  manner  with  alcohol,  alkalis,  hypochlorites,  &:c. 
The  two  acids  are  therefore  often  regarded  as  identical  (See  G m.  xii.  377 ; xvi.  294 ; 

Gerh.  iii.  797.) 

OKBS^LUVXC  ACXlk.  C*U*0*.  OrBeUie  tieid.  acid.  (Stenbouse, 

Phil  Trans.  1848,  p.  66  ; Phil  Mag.  [3]  xxxii.  300;  Proc.  Roy.  Soc.  xii.  263). — This 
is  produced : 1.  By  boiling  lecanoric,  a-orsellic,  or  3-orsellic  add  with  water, 
slcobol,  or  : 


+ H«0  - 2C*H*0‘. 

2.  From  erythric  acid  (erythrin),  simultaneously  with  picro-erylhrin,  when  the  barium- 
calcium-salt  of  that  acid  is  boiled  with  water : 


+ 1I«0  - + 2C*HH)». 

Erythric  Add.  Picroerythrhi.  OnelUntc  acid. 
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3.  From  eyernic  acid,  simultaDecuilj  with  eyerainic  acid,  bj  boding  with  b&rrta- 
water: — 

+ H*0  - C*H'*0*  -f  C*HK)<. 

Evernic  add.  Ertmioicadd.  OrMtllDtc  acid. 


To  prepare  the  acid,  lecanoric  add  euapended  ,in  water  ia  carefallj  neutralised  with 
lime  or  baryta,  and  the  liquid  is  boiled,  care  being  howerer  taken  not  to  cootinne  the 
boiling  too  long,  aa  otherwise  the  orsellinic  acid  will  be  resolved  into  carbonic  anbj* 
dride  and  orcin.  The  calcic  or  barytic  orsellinate,  being  much  more  soluble  than 
the  lecanorate,  dissolves  in  the  liquid,  and  on  adding  hydro^loric  add  to  the  solution, 
orsellinic  acid  is  deposited  as  a gelatinous  precipitate,  which  may  be  purified^bv 
ctysUlUsation  from  water  or  alcohol 

Orsellinic  acid  forms  colourless,  prismatic  crystals  much  more  soluble  in  toaUr  and 
alcohol  than  lecanoric  add ; it  is  also  soluble  m Hher.  The  aqueous  solution  has  a 
slightly  rough  and  bitter  taste  and  reddens  litmus.  When  boiled  for  some  time,  it 
give#  off  carbonic  anhydride  and  leaves  orcin  ; C*II*0*  CTIPO*  + CO*.  Chlondtof 
lime  imparts  to  it  a very  fugitive  red-brown  or  violet  tint.  With  bromine  it  forms  tri- 
bromorcin.  (Hesse.) 

The  orsellinates  of  the  alkaU>metals  and  alkaline  earth-metals  are  soluble  in  water; 
in  presence  of  excess  of  base  they  are  easily  resolved  into  orcin  and  a carbonate. — The 
barium^galt,  OH’BaO*  or  C**H'^Ba"0*,  is  very  soluble  in  water  and  in  alcohol,  and  is 
deposited  therefrom  in  four-sided  prisms.  It  is  obtained  by  adding  caustic  baryta  to 
an  alcoholic  solution  of  orsellinic  acid,  keeping  the  acid  in  excess  to  avoid  decompo- 
sition. The  liquid  is  then  concentrated  to  a syrup,  the  acid  is  saturated,  and  the  liquid 
left  to  crystallise. 


O&SBliUSrxo  BTBSK8.  These  com  pounds  are  produced  by  boiling  lecanorie 
or  erythric  acid  with  the  corresponding  alcohols. 

1.  Methylic  Or$ellinate,  C*H'*0*  = C*H'(CH*)0*,  crystallises  from  boiling 
water  in  silky  needles,  volatile  without  decompoeition,  more  soluble  than  the  etbvlic 
ether, which  it  resembles  in  its  chemical  characters.  (Stenhouse.) 

2.  Ethylic  Orse//ina/e,  C**H'*0*  — C*H*(C*H*)0*. — This  compound, called  also 
OruUic,  ixcanoric,  and  Erythric  ether^  was  discovered  in  1830  by  Heeren(Scbw.  J.  lix. 
341)  who  called  pecudo^ythrin ; and  has  been  further  examined  by  Liebig  (Pogg. 
Ann.  xxi.  32),  Kane  (PhiL  Trans.  1840,  pp.  237,  279),  Scliunck  (Ann.  Ch.  Phanu. 
xlL  160;  Ixi.  72),  Rochleder  and  Helat,  xlviii.  6),  Stenhouse  (/oc.  cU.\ 
Strecker  (Ann. Ch. Phann.  Ixviii.  Ill),  and  Hesse  {ibid,  cxvii,  297).  It  is  obtained 
by  prolonged  boiling  of  an  alcoholic  solution  of  lecanoric,  a-orsellic,  /8-orselIic.  or 
erythric  acid,  or  by  repeatedly  exhausting  Hoccella  tinctoria,  or  other  colour-yielding 
lichens  with  boiling  alcohol,  evaporating  the  united  liquids  to  dryness,  and  boiling  the 
residue  with  water.  It  separates  iiom  the  aqueous  or  alcoholic  solution  in  cryst^Iine 
scales  or  needles,  the  mother-liquor  retaining  a large  quantity  of  orcin : it  may  be 
purified  by  recrystallisation  from  boUii^  water.  Another  mode  of  preparing  H is  to 
pass  hydrochloric  acid  gas  in  excess  into  a warm  saturated  alcoholic  solution  of 
lecanoric  acid,  evaporate  over  the  water-bath  to  expel  the  greater  part  of  the  hydro- 
chloric acid,  and  treat  the  residue  with  water.  Orsellinic  ether  is  then  precipitated  ai 
a blackish-green  resinous  mass  which  may  be  purified  as  above. 

Ethylic  orsellinate  forms  snow-white,  very  thm  laminte  or  needles,  nearly  insoluble  in 
cold  water,  very  soluble  in  alcohol  and  ether,  as  well  as  in  alkaline  solutions,  whence  it  is 
precipitated  by  acids  in  its  original  state.  The  aqueous  solution  is  neutral  to  test-psper. 
It  quickly  turns  brown,  especially  when  dissolved  in  a fixed  alkali.  The  ammoniacal 
solution  assumes  a wine-r^  colour  when  exposed  to  the  air.  It  melts  without  loss  of 
water,  at  a temperature  above  120^  (Hoeron) ; at  104*5^  (Kane);  and  solidifies  to 
a crystalline  mass  at  127*6^  (Hesse);  when  heated  in  water,  it  melts  at  lOO^.  It 
may  be  sublimed  without  decomposition. 

Ethylic  orsellinate  dissolves  in  caustic  alkalis,  also,  according  to  Hesse,  in  hot 
aqueous  carbonate  of  sodium,  and  is  reprecipitated  by  acids  in  the  crystalline  state, 
when  boiled  with  alkalis,  it  gives  off  alcohol  and  yields  orcin  ; with  caustic  baryta,  a 
precipitate  of  barytic  carbonate  is  formed. 

The  ether  dissolves  easily  in  strong  sulphuric  acid,  and  is  reprecipitated  by  water  in 
its  original  state : the  solution  turns  brown  when  boiled.  Eitric  acid  converts  it  into 
oxalic  acid  (Schunck),  and  if  the  oxidation  be  carefully  conducted,  acrystalline  body 
is  likewise  formed,  which  melts  at  60°,  and  appears  to  consist  of  C*H'*0*  (Hesse). 
"With  bromine  and  cMorine,  orsellinic  ether  form  substitution-products.  (Hesse.) 

Ethylic  orsellinate  does  not  precipitate  the  aqueous  solutions  of  mercuric  chloride, 
cupric  sulphate  or  neutral  acetate  of  lead,  but  forms  with  the  basic  acetate  a copious 
precipitate  containing,  according  to  Kano,  80*6  per  cent,  lead-oxide,  approximately 
with  the  formula  C**H‘*O*.4Pb"0. 
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Itk^lie  Dichlorcrtdlinatt,  C"H*C1*(C*H*)0*,  obtained  by  the  action  of  chlorine  on  an 
«then4l  solation  of  ethylic  orsellinate,  crystallises  in  thin  prisms,  melts  at  162°,  and 
scklidifies  at  169*0°.  (fiesse.) 

Etkylie  DibromorstHinaU,  (?H*Br*(C’H‘)0\  prepared  in  like  manner,  melts  at  144°, 
solidifies  at  138°,  and  forms  with  neutral  acetate  of  lead,  awhite  precipitate  containing 
C‘*H*Br“Pb"OV  (Hesse,  Stenhouse.) 

S.  Amylie  Orsellinate.  On  boiling  dried  eiythric  acid  with  amylic  alcohol  for 
sereral  hours,  and  removing  the  excess  of  alcohol  by  distillation,  the  residue  yielded  on 
bUndiog,  a mass  of  lustrous  fluky  crystals  contaminated  with  resinous  matter  from 
which  it  could  not  be  separated.  (Stenhouse.) 


OKTRZTB.  AUaniU,  Cerin. — A silicate  of  aluminium,  iron,  cerium,  yttrium,  &c., 
ocnuriiig  in  granite,  gneiss,  syenite  and  granular  limestone,  in  Sweden,  Norway, 
GreeaUnd,  the  Ural,  some  parts  of  Germany,  and  several  localities  in  the  United  States. 
The  varieties  containing  yttrium  were  formerly  called  orthito,  the  rest  allanite, 
sod  those  among  the  latter  which  were  very  rich  in  iron,  were  further  distinguished  as 
cf  rin,  but  as  these  difTerences  of  composition  arise  merely  from  the  mutual  replacement 
of  isoiDorpbous  constituents,  and  have  no  effect  on  the  crystalline  form,  they  are  now 
reganled  as  unessential,  and  the  name  ortbite  is  extended  to  the  whole  group. 

The  crystals  of  orthite  are  monoclinic  prisms,  homceomorpbous  with  epidote.  Katio 
of  axes,  a : b : c — 0'56137  : 1 : 0 8902.  Angle  of  inclined  axes  = 66°  6'.  The 
cryiuls  are  either  long  and  slender,  or  flat  tabular.  Twins  occur  like  those  of  epidote. 
Cl^rage  parallel  to  oP  in  traces.  It  occurs  also  massive  and  in  grains.  Hardness 
5 5—6.  Specific  gravity  » 3*3 — 4*2.  Lustre  submetallic  and  pitchy  or  resinous, 
occasionally  vitreous.  Colour  pitch-brown,  brownish-black  or  yellowish.  Subtrans- 
locent  to  opaque.  Fracture  uneven  or  subcunchoidal.  Brittle.  Before  tlie  blowpipe 
most  orthites  swell  up  and  fuse,  with  ebullition,  to  dark-coloured  tumefied  glasses. 
With  flaxes  the}*  give  the  reactions  of  iron,  manganese  and  silica.  Most  of  them  ore 
decomposed  by  acids,  forming  a jelly ; some,  however,  resist  the  action  of  acids  alto- 
gether. 

AnalyM:  a.  AllaniU  from  Bygdin-Vand  on  JotunQeld,  Norway.  Black:  specific 
gravity  » 3'63 — 3*64;  pyrt^omic  (that  is,  exhibits  incandescence  when  heated); 
decomposed  by  acids  (Seneerer,  De  fouilium  AUanitey  OrthiU,  Cerin,  GadolinUquey 
diwrtatio.  &roL  1849).— 6.  AUanite  from  Snarum  in  Norway.  Brownish-black : 
specific  gravity  « 379:  undecomposiblo  by  acids  (Scheerer). — c.  Ctrin  from 
Kiddarhyttan,  Sweden.  Specific  gravity  3 77 — 3 80.  Undecomposiblo  (Scheerer).— 
d.  XjranoTthUt  from  Miask  in  the  Ural.  Black:  specific  gravity  — 3*647.  Decom- 
posible(Rammelsberg,  ^/tncrfl/cAc^mV,  p.  747). — e.  So-c^led JffucA'/antfifr.  Specific 
gravity  » 3*48 — 3*66 (Ilermann,  J. pr.  Chem.  xxiii.  273  ; xliii.  35, 99).— /.  From  the 
Tburingenrald ; partly  crystallised  in  the  form  of  epidote.  Black.  Specific  gravity  «» 
3*79.  Undecomposible  (Credner,  Po^.  Ann.  Ixxix.  144). — g.  From  Wernheim, 
Baden,  in  syenite.  .Specific  gravity  » 3*44 — 3*47.  Undecomposiblo  (Stifft,  Ram- 
Mineralchc .nie,  p.  746). — h.  Berks  Co.  Pennsylvania.  Specific  gravity  • 
3 782.  Deoomposible  (Genth,  J.  pr.  Chem.  Ixiv.  471). 


a. 

b. 

e. 

Silka  .... 

34-93 

34*88 

82*06 

Alunlaa  ... 

15*90 

1595 

6*49 

Ferric  oxl4e  . . 

. , 

95*36 

^•rrouaoxida 

U-98 

15-35 

Mxn|xitou<  oxide 

1*37 

. 

C«roui  oxide 

13*34 

l3-7’3 

33-80 

Oxldet  of  Lanthanum  \ 
tod  Didymium  ) 

6*50 

7-80 

3-45 

"ViUU  . 
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UM 

8-08 
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0-93 
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M6 
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99-61 

99-87 

99  99 

a. 

e. 

/• 

g- 

k. 
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33*46 

37-55 

32-79 

33  89 

16*86 

18*09 

1599 

1467 

12*50 

7*35 

7*38 

7-90 

13-M 

16-83 

1*4-71 

903 

0-23 
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025 

fr?7 

3-191 

15-67 

91-38 

33*31 

9-76 

9*30  1 

10*10 

1*50 

0-.S6 

3-43 

9*28 

13-18 

13-60 

968 

7-13 

0-95 

1*03 

0*33 

1-iO 

1*77 

1*32 

3*40 

1«0 

2ii7 

2*49 

Cu’O  0-13 

100-00 

99*27 

Na’O  0-M 

0-m 

99*35 

K=0  0-41 

(M4 

101*20 

99-37 

These  analytical  results  may  be  represented  by  the  general  formula  3^I*SiO*.(Al"; 
Fe*')^i»0**  (M"  denoting  diatomic  iron,  cerium,  yttrium,  calcium,  &c.),  both  terms  of 
which  are  orthosilicates. 

XantkorthiU  is  a yellowish  variety  of  orthite,  of  specific  gravity  2*78 — 2 79,  and 
containing  much  water. 

i^orthiU  is  an  impure  variety  from  the  neighbourhood  of  Fuhlun  in  Sweden,  con- 
taining bitumen.  Berzelius  found  in  it  10*43  silica,  3*69  alumina,  6*08  ferrous  oxide, 
139  manganous  oxide,  13*92  cerous  oxide,  4*87  yttria,  1*81  bme,  26*50  water, 
snd  31*41  carbon  (by  loss).  It  is  probably  the  re  sidue  of  decomposition  of  an  orthite. 

Bagrationiie  from  Arhmatowsk,  having  the  form  of  Bucklaudite  (epidote,  ii.  490), 
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hardnoM  6*5,  and  specific  grarity  3*46,  and  containing  38*88  per  cent,  silica,  10*19 
alumina,  9*82  ferric  oxide,  3*82  ferrous  oxide,  3*60  protoxide  of  cerium,  lanthanum, 
and  didymium,  17*37  lime,  1*98  maLgne.Hia,  and  1*60  wator^»  97*26),  is  corapowd, 
according  to  Hermann  (Jahreeb.  1862,  p.  730),  of  5 molecules  of  buckkodiu 
(epidote),  and  1 molecule  of  nralortbitc,  crystallised  together. 

A mineral  called  BucklandiW^  from  Laucli  in  the  Eittil,  has  been  shown  by  y.  Rath 
(Jahresb.  1863,  p.  814)  to  hare  the  form  and  composition  of  orthito;  it  contains  31*83 
per  cent,  silica,  13*6G  alumina,  17*95  ferrous  oxide,  0*40  manganous  oxide,  20  89  ceroui 
oxide,  11*46  lime,  and  2*70  magnesia  (=»  98*89). 

A black-brown  mineral  resembling  orthite,  of  specific  gravity  3*44,  and  hardness 
between  fluorspar  and  aptitite,  contains,  according  to  Miebaeisou  (Jahif^b.  1863, 
p.  816),  29*21  per  cent,  silica,  2*81  alumina,  6*42  fernc  oxide,  6 44  sirconia,  4*27 
glucina,  9*79  cerous  oxide,  15*60  oxides  of  lanthanum  and  didymium,  1*63  yttris, 
14*93  lime,  0*46  magnesia,  2*45  soda,  and  5*50  water. 

OKTXO-OAKBOWATZ  OV  STBTX.  (C^II»)*COV  (H.  Bassett,  Chem.  Soc. 
J.  xvii.  198.) — This  ether  is  produced  by  the  action  of  sodic  ethylate  on  cbloropicriD : 
CNO’Cl*  + 4C»H‘NaO  -=  3XaCl  + XaNO*  -f  (C-H‘)'CO*. 

To  prepare  it  40  grras.  of  chloropierin  are  heated  with  300  grms.  of  absolute  tleohol 
to  the  lulling  point  of  the  Utter;  24  grms.  of  sodium  are  added  by  small  portions:  and 
as  soon  as  the  reaction  is  finished,  the  alcohol  is  distilled  off  and  water  added  to  the 
residue.  Ethylic  orthoearbonate  then  rises  to  the  surface  as  an  oil  which  must  be  waahel 
with  water,  diried  by  chloride  of  calcium,  and  purified  by  fractional  distillation. 

Ethylic  ortho-carbonate  has  a peculiar  aromatic  odour,  specific  gravity  0*925. 
and  IkjiIs  at  158® — 150®.  Vapour-density  obs.  -«  6*80;  calc.  ■»  6*65.  It  is  deeetn* 
posed  by  alcoholic  potash  at  the  boiling  heat,  yielding  a considerable  quantity  of 
potassic  carbonate.  When  digested  for  some  hours  with  boric  anhydride,  it  yields 
acid  ethylic  borate  (i.  660)  and  dicthylic  carbonate  : 

(C»n*)*CO*  2B*0»  - (C*H»)»B*0’  + (C*n*)*CO* 

ORTHOCZAAB.  See  Fklspxb  (ii.  619). 

OHTHO-8A&TB*  The  prefixes  ortho  and  meta  hare  been  intrcwliiced  by  Odling 
to  denote  two  classes  of  salts  of  the  same  acid,  which  differ  from  one  another  by  one 
or  more  molecules  of  metallic  oxide,  M*0,  M”0,  d:c.,  the  more  basic  salts  being  called 
ortho-  and  the  less  basic,  meta-salts,  as  in  the  following  examples: — 

Borate$. 


Orthoborate  of  Sodium 
Metaborate  . 

Na*BO* 

NaBO» 

1 Orthobomte  of  Lead  . 
Metaborato 

Pb'B^ 

Pb’B^ 

Differenco 

NaK)  1 

Difference 

2Pb'0 

Carbonates. 

Orthoearbonate  of  Ethyl 
Metacarbonate 

, (C»H>)*CO' 
, (C*H*)=CO* 

Orthoearbonate  of  Calcium  . 
Metacarbonate 

Ca*CO* 

Oa’CO* 

Difference 

Difference 

~C?0 

yitrntf's. 

Orthonitrate  of  Mercurosum 
Metanitrate 

HgNO* 

1 Orthonitrate  of  Copper 
Metanitrate  • 

Cu'>'=0' 

Ca"XH;)* 

Difference 

UgHO 

1 Difference 

2Cu"0 

Orthonitrate  of  Bismuth 
Metanitrate 

Bi"NO*  _ bT'N'O'* 

Difference  BW* 

Phosphates. 

Orthophosphate  of  Sodium  . 
Metapbospbate  . 

Na>PO*  [ 
Nal’O* 

Orthophosphate  of  Barium 
Metaphospnnte 

Bi*PK)' 

Difference 

Xa’O  1 

Difference 

211a'0 

See  Boratbs  (i.  640),  CaRnoNATES  (I  778X  Xitratiw  (iv.  82),  pHi>spHATia. 
SllJCATBS,  &c. 


* ThU  name  liAving  been  applied  boiii  to  orthite  and  to  n variety  of  epidote  ii  best  ftven  up  altof  ether. 
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OSTHOSB.  Fjo.  with  Obthoclase. 

OSaCAV-OSWZC  ACZB.  Syr.  »ith  OsMiAvic  Acin. 

OSMAZOSni  (from  odour,  and  broth).  A name  applied  byTh^nard 
to  that  portion  of  the  aquroiia  extract  of  meat  which  La  soluble  in  alcohol  and  contains 
those  constituents  of  the  flesh  which  determine  its  taste  and  smell. 

OSMSUTB.  Syn.  with  Pectoutb. 

OSBKZABHC  ACZ9.  II’Os'NK)*. — This  acid,  discovered  by  Fritrsehe  and 
Struve  (J.  pr.  Chem.  ili.  97),  is  produced  by  the  action  of  ammonia  on  osraictetmxidn 
in  presence  of  fixed  bases.  The  potassium-salt,  K’Os’N’O*  is  obtained  by  adding 
ammonia  to  a hot  solution  of  the  tetroxide  in  excess  of  potash ; the  deep  orange 
colour  of  the  liquid  then  changes  to  light  yellow,  and  the  potassium-salt  separates  as 
a yellow  crystalline  powder,  which  may  be  purified  by  recry stnUisat ion  from  the 
least  possible  quantity  of  boiling  water.  The  reaction  is ; 


60s0*  -t-  8NH«  + 6KHO  - 3K»Os*  N=0»  -e  + Isn'O. 


The  potassium-salt  may  be  converted  into  the  silver-salt  by  precipitation,  and  from 
this  the  aqueous  acid  may  be  prepared  by  decomposition  with  hydrochloric  acid.  It 
may  be  kept  for  some  days  when  dilute,  but  soon  decomiioses  in  the  concentrated  state 
It  is  a strong  acid,  decomposing  not  only  the  carbonates  but  even  the  chlorides  of  potas- 
sium and  sodium.  ^ 

Osmiamic  acid  is  dibasic,  its  salts  having  thecomposition  M’Os^-0*  = JPO  O.sTf-0* 
Fritzsche  and  Struve  regard  the  anhydride  Os'N'-O*  (not  isolatetl)  as  a compound  of 
OsN’ with  OsO‘,  and  call  it  osman-osmieacid.  Oerhardt  (Compt.  chim.  1847, 
p.  304),  who  suggested  the  name  osmiamic  acid,  supfmses  the  salts  to  contain  1 at! 
oxygen  more  than  in  the  formula  above  given,  regarding  therefore  the  hypotheticai 
anhydride  as  Os^N'O*,  and  representing  its  formation  (in  the  salts)  by  the  eouatioh 
20sO*  + 2NI1*  = Os’N’O*  + 3H’0;  but  Fritzsche  and  Struve's  formula  agrees 
best  with  the  composition  and  reactions  of  the  salts. 


The  osmiamatts  of  the  alkali-  and  alkaline  earth-metals  are  soluble  in  water  • 
the  lead,  mercury,  and  silver  salts  are  insoluble.  The  ammonium-ealt,  (NH‘)'0s’N=0*’ 
forms  large  yellow  crystals  isomorphous  with  those  of  the  potassium-salt,  easily  soluble 
in  water  and  alcohol,  and  detonating  at  125°.  The  barium-salt,  Ba"0s’N’0',  cn'stal- 
liseg  in  yellow,  shining  needles,  moderately  soluble  in  water  and  detonating  at  about 
1.50°.  The  had-salt,  Pb’’0s’NH)‘.Pb’0  ?,  obtained  by  mixing  an  alcoholic  solution 
of  the  potassium  or  ammonium  salt  with  nitrate  of  lead,  is  a yellow,  crystalline  precipi- 
Ute  which  becomes  dark-coloured  during  washing.  The  mtrcuric  salt,  obtained  by 
decomposing  the  silver-salt  with  mercuric  chloride,  forms  prismatic  easily  decomposible 
crystals.  The  mercurous-salt  is  a light  yellow  amorphous  precipitate  which  volatilises 
quickly  when  heated. 

The  potassium-salt,  K'0s»N’0‘,  crystallises  in  yellow  dimetric  octahedrons  with  ter- 
minal angles  of  106°  16'  and  lateral  angles  of  116°  6'.  It  is  much  less  soluble  in 
alcohol  than  in  water,  insoluble  in  ether;  may  be  heated  to  180°  without  alteration 
but  detonates  at  higher  temperatures.  Heated  with  hydrochloric  acid  and  chloride  of 
potassium,  it  gives  off  chlorine  and  is  converted  into 'potassio-osmioso-osmic  chloride 
(cblorosmite  of  poUssium)  (Claus); 


KK>sT«*0*  + 4Ka  + 18Ha  = 2(3KC1.0sCl>)  + 2\H‘C1  + 6H*0  + Cl'- 


The  silver-salt  Ag’Os'.VO*,  obtained  by  precipitation,  or  by  dissolving  osmic  tetroxide 
in  an  ammomacal  solution  of  the  silver-salt  and  supersaturating  with  nitric  acid  is  a 
lemon-yellow  crystalline  powder,  very  slightly  soluble  in  water  and  in  cold  nitric’ acid 
easily  soluble  in  ammonia.  It  blackens  when  exposed  to  light,  detonates  violently  at 
80°,  also  by  percussion,  or  when  sulphydric  acid  gas  is  passed  over  it,  ^ 

The  sodium-salt  is  very  soluble  and  crystallises  from  a syrupy  solution  inr.ilher 
Ur(?«  prismatic  hydrated  crystals. 

The  rine-aalt  is  rery  soluble. 

An  ammonieual  cuc-salt,  4 NII'.Zn'Os’N'O',  separates  on  mixing  an  aramoniacal 
solution  of  osmic  tetroxide  with  a zinc-salt,  as  a light  yellow  crystalline  powder 
permanent  in  the  air,  easily  decomposible  by  water,  nearly  insoluble  in  ammonia’ 
Cadmium  forms  a similar  salt. 


OsaUAKZOB.  1110  name  given  by  Fr^my  to  the  compound  N'H‘(OsO')",  which 
he  mppoaes  to  exist  in  combination  with  sal-ammoniac  in  the  yellow  substance  produceil 
by  digesting  osmitc  of  potassium  in  a cold  solution  of  sal-ammoniac  (pp.  244,  246). 

osano  Acxn.  l „ ^ 

osanoirs  aci».}  or  (pp.  245, 216). 
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OSMIRIDIUM. 


OSMUUOZUM  or  Irido$mine. — The  natiTe  alloy  of  iridium  and  oamium,  occurring 
together  with  platinum,  &c.  in  rarioua  localittea.  Its  compoiitiuo  and  properties  hare 
been  already  giren  under  Iridosicixb  (iii.  326),  and  aerer^  methods  of  decomposing  it 
under  Iridium  (iii.  314).  The  following  are  additional  methods:— a.  90  grms.  of  the 
ore  are  mixed  with  180  grms.  saltpetre  and  90  grms.  caustic  potash,  and  the  mixture  is 
exposed  in  separiite  portions  to  a strong  red  heat  for  an  hour  or  an  hour  and  a half  in 
a large  silver  crucible,  placed  within  a hessian  crucible  containing  magnesia,  each 
melted  portion  bein^  poured  out  into  an  iron  dish  and  the  still  undecomposed  residue 
heated  twice  or  thnee  more  with  the  same  quantity  of  flux,  before  a fresh  portion  of 
the  original  mixture  is  introduced  into  the  crucible.  The  cooled  and  pulverised  mass 
is  then  introduced  into  a vessel  which  can  be  closed,  and  briskly  agitated  fur  four 
hours  in  a dark  place  with  14  litres  of  distilled  water,  and  the  clear  deep  orange- 
coloured  solution  (.d)  is  decanted  from  the  black  sediment  {B)  which  latter  is  washed 
with  water  in  a funnel  pluf^ed  with  lisbestos.  The  solution  A smells  slightly  of  osmic 
tetroxide,  and  contains  free  potash,  nitrite,  osmite,  rutheniate  and  nitrate  of  potassium, 
together  with  a small  quantity  of  osmic  tetroxide;  no  other  platinum-metal.  The 
residue  i?  is  a velvet-black,  somewhat  crystalline  powder,  consisting  principally  of 
iridic  oxide  and  acid  iridiateof  potassium,  with  portions  of  ruthenic  sesquioxide,  osmic 
dioxide,  ferric  oxide,  and  traces  of  cupric  and  pallndic  oxides, all  soluble  in  acids;  also 
of  a residue  insoluble  in  acids  consisting  of  oxides  of  iridium,  platinum,  and  rhodium, 
with  a certain  quantity  of  undecomposed  ore. 

To  extract  the  ruthenium,  B is  fused  a second  time  with  the  flaxes  above  men- 
tioned ; the  solution  obtained  by  treating  the  fused  mass  with  water  is  added  to  A ; 
and  the  still  undissolvod  residue  to  B.  The  solution  is  next  neutralised  with  very 
dilute  nitric  acid,  whereby  a black  precipitate  h is  thrown  down  ; the  clarified  solution 
a is  decanted,  and  the  precipitate  consisting  chiefly  of  osmic  hydrate,  0s0*.2ll*O, 
containing  from  16  to  20  per  cent,  ruthenic  sesquioxide,  is  washed.  To  separate  the 
metals,  this  precipitate  is  introduced  into  a lai^e  retort  fitted  with  a luted  and  well- 
cooled  receiver,  together  with  2 lbs.  hydrochloric  and  3 lbs.  nitric  acid,  and  slowly  and 
carefully  distilled  till  the  greater  paK  of  the  add  has  passed  over,  and  the  residue  in 
the  retort  has  become  viscid.  This  residue  consists  chiefly  of  ruthenic  tetrachloride, 
RuCl^  with  a small  quantity  of  trichloride.  (For  the  method  of  obtaining  the  metal 
from  it,  see  Ruthknium.) 

The  faintly  yelloansh  solution  a still  contains  oxides  of  ruthenium  together  with  a 
large  quantity  of  osmic  tetroxide.  It  is  distilled  with  2 lbs.  of  hydrochloric  acid  till 
all  the  osmic  tetroxide  has  passed  over,  and  the  residue  in  the  retort  has  become  rose- 
coloured  (from  formation  of  red  ruthenic  chloride);  the  red  liquid  is  concentrated  ; th« 
greater  part  of  the  potassic  nitrate  crystallised  out ; the  concentrated  solution  then 
evaporated  to  dryness ; the  residue  dissolved ; and  the  ruthenium  precipitated  from  the 
solution  by  sulphide  of  ammonium,  with  addition  of  a little  fr^  acid.  The  osmic 
tetroxide  obtained  at  the  same  time  may  be  separated  by  fractional  distillation ; or  tbo 
solution  containing  it,  may  be  treated  according  to  Fr6my’s  method  (Ann.  Ch. 
PhyH.  [3]  xii.  621),  by  mixing  it  with  caustic  potash  and  a little  alcohol,  and  adding; 
pulverised  sal-ammoniac.  The  greater  part  of  the  osmium  is  then  thrown  down  in  the 
form  of  a compound  of  osmiamic  acid  with  sal-ammoniac. 

The  powder  B,  which  contains  considerable  quantities  of  ruthenium  and  osmium,  ia 
distilled  with  excess  of  nitromuriatic  acid  till  the  whole  of  the  osmic  tetroxide  has  passed 
over;  and  the  residual  liquid  is  strongly  concentrated  and  lefr  to  cool,  whereupon  it 
deposits  the  greater  part  of  the  iridium  as  black  chloriridiate  of  potassium, 

The  mother-liquor,  after  filtration,  is  mixed  with  a little  sal-ammoniac  to  throw  down 
the  rest  of  the  iridium ; filtered  after  standing  from  the  crystalline  precipitate  of  chlor- 
iridiate of  ammonium  : and  the  liquid  is  then  mixed  with  a largo  quantity  of  powdered 
sal-ummoniac.  The  resulting  brown  crystalline  maas  after  washing  with  sal-ammoniac 
and  weak  spirit,  yieUls  nitlumium  in  the  form  of  the  double  salt,  (NH*)*Ru'"CI*, 
(Clans,  N.  Petersb.  Acad.  Bull.  v.  453;  Jahresb.  1861,  p.  322.) 

3.  The  following  method  of  treating  Californian  osmiridium,  which  contains  a con- 
siderable proportion  of  ruthenium,  is  given  by  Gibbs  (Sill.  Am.  J.  [2]  xxxi.  63).  The 
ore  is  first  freed  from  silica  and  other  impurities  by  fusion  with  3 pts.  dry  carbonate  of 
sodium,  and  subsequent  lixiviation ; 1 pt.  of  it  is  then  fused  with  I pt.  caustic  potash  and 
2 pts.  saltpetre;  and  the  cooled  mass  broken  into  lumps  is  boiled  with  water  containing 
■^of  its  bulk  of  strong  alcohol,  till  completely  disintemted.  The  liquid  together  with 
the  lighter  particles  of  oxide  is  then  decante^  and  the  residue  is  again  treated  with 
water  and  aecanted  after  standing  for  some  time.  There  is  thus  obtained  a solution  of 
potassic  osmito,  a laige  quantity  of  black  oxides  (probably  a mixture  of  RuO*,  Ru*0*, 
or  their  hydrates)  and  a coarse  heavy  powder  chiefly  consisting  of  undecomposed  ore. 
The  latter  is  again  fused  with  hydrate  and  nitrate  of  potassium,  and  the  melted  mass 
treated  as  above.  The  solution  containing  the  potassic  osmite  and  the  salts  of  th« 
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OSMITOPSIS,  OIL  OF— OSMIUM. 

19  decanted  from  the  doposited  black  oxides  still  containing  osmium  ; and 
the«e  oxides,  after  wushing  with  hot  water  and  alcohol,  are  introduced  into  a capiicious 
retort  prorided  with  a safety-tube  and  connected  with  a tight-fitting  cooled  receiver, 
which  again  is  connected  by  wide  tubes  with  two  or  three  Woulfe  s ^ttles  containing 
a strong  solution  of  potash  and  a little  alcohol  A large  excess  of  strong  hydrochloric 
add  is  then  cautiously  poured  through  the  safety-tube  into  the  retort,  and  after  the 
first  violent  action,  which  causes  a part  of  the  osmic  tetroxide  to  distil  over  sponta- 
sfonsly,  is  over,  the  distillation  is  continued  at  the  heat  of  a sand-bath  till  no  more 
osmic  tetroxide  collects  in  the  nock  of  the  retort,  and  that  which  is  previously  condonsc>d 
flows  out  in  oil^  drops.  At  the  edd  of  the  distillation  the  retort  is  left  to  cool; 
the  receiver  is  disconnected  from  it  and  closed  by  a cork,  and  the  osmic  tetroxide  is 
driven  over  by  a moderate  heat  into  the  Woulfc’s  bottles;  and  the  contents  of  these 
vessels  are  mixed  with  the  solution  obtained  by  lixiviating  the  original  fused  moss. 
The  liquid  evaporated  over  the  water-bath  yields  on  cooling  crystals  of  potassic  osmitc. 
The  mother-liquor  contains  only  traces  of  osmium  and  is  worthless. 

The  dark  brown  solution  poured  out  from  the  retort  is  evaporated  to  dryness,  the 
rMidue  is  redissolved  in  hot  water ; the  solution  is  evaporated  again  after  addition  of  a 
little  hydrochloric  acid ; this  process  is  repeated  till  the  odour  of  osmic  tetroxide  is  no 
longer  perceptible ; and  a cold  saturated  solution  of  chloride  of  potassium  is  then  added, 
which  dissolves  the  chlorides  of  iron  and  palladium,  while  platinum,  iridium,  rhodium, 
and  mthenium  remain  os  double  salts  insoluble  in  a strong  solution  of  chloride  of 
potaMiom.  The  latter  aro  well  washed  with  a saturated  solution  of  potassic  chloride, 
which  removes  almost  all  the  iron  and  palladium,  and  leaves  the  double  chlorides 
together  with  the  insoluble  imparities  of  the  ore. 

OSmrOPSZSf  OX&  of.  O^mitopsU  asteriseo'idfs,  an  aromatic  plant  of  the 
composite  order  growing  near  Cape  Town,  yields  an  essential  oil  possessing  tonic  and 
sntispasmodic  properties.  It  is  greenish-yellow,  has  a burning  taste,  and  a pungent, 
not  very  agreeable  odour  recalling  that  of  camphor  and  oil  of  cajeput  Specific  gravity 
s It  reduces  anammoniacal  solution  of  silver-nitrate  on  long  boiling.  AVhen 

distilled,  it  begins  to  boil  at  130^,  and  enters  into  regular  ebullition  between  176°  and 
178°,  two-thirds  of  the  oil  passing  over  between  this  point  and  188° ; the  thermometer 
then  continues  to  rise  till  it  reaches  208°,  and  a small  quantity  of  camphor  sublimes 
00  the  sides  of  the  vessel.  The  portion  collected  between  178°  and  182°  contains  77'9 
per  cent,  carbon  and  H’79  hyarc^en.  agreeing  nearly  with  the  formula 
according  to  which  oil  of  osmitopsis  is  isomeric  with  bomeol  (i.  626)  and  oil  of  cajoput 
(i.712). 

OSMIUM.  Symbol  Os.  Atomic  weight  199. — A metal  belonging  to  the  platinum 
pDup,  discovered  by  Tennant  (Pliil.  Trans.  1804,  p.  411),  and  further  examined  by 
Berzelius  (Pogg.  Ann.  xiii.  463  ; xv.  208  and  627),  Fr^my,  Compt.  rend,  xxxriii. 
1008),  Claus  (Ann.  Ch.  Pharm.  lix.  234;  Ixiii.  341;  N.  Petersb.  Acad.  Bull.  ii. 
158;  iv.  453;  vi.  146;  Jahresb.  1860,  p.  204  ; 1861,  p.  320;  1863,  p.  295),  Devillo 
and  Debray  (Ann.  Ch-  Pharm.  civ.  227  ; cxiv.  78;  Ann.  Ch.  Phys.  [3]  Ivi.  386; 
Jahresb.  1867,  p.  260,  1859,  p.  231),  and  Gibbs  (Sill  Am.  J.  xxix.  427  ; xxxi.  63; 
Jahresb.  1860,  p.  217 ; 1861,  p.  328).  The  name  of  the  metal  is  derived  frv>m  oayAi 
(odour)  on  account  of  the  strong  and  peculiar  odour  of  its  highest  oxide. 

Osmium  ooeors  combined  with  iridhum,  forming  the  alloy  called  osmiridium  or 
irido9mine,  in  native  platinum,  partly  in  distinct  white  metallic  grains,  partly  intimately 
mixed  or  combined  with  the  platinum  and  other  metals,  and  remaining  in  black  scales 
when  those  metals  are  dissolved  in  nitro-moriatic  add ; osmiridium  ^so  occurs  with 
chmme-iron  in  irite  (iii.  325). 

The  separation  of  osmium  from  iridium  and  the  other  metals  with  which  it  is 
associate!^  depends  chiefly  on  its  ready  oxidation  by  nitric  or  nitro-muriatic  acid,  or  by 
ignition  in  air  or  oxygen-ga.s,  and  the  volatility  of  the  oxide  thus  produced.  The 
methods  of  effecting  the  separation  have  been  already  described  under  Ijudicm  (iii. 
314 — 316,  Nos.  1,  2,  4,  6,  7),  and  OsMiRmirM  (iv.  241). 

To  obtain  metallic  osminm,  the  distillecl  osmic  tetroxide  is  digested  with  hydro- 
chloric acid  and  metallic  mercury  in  a well-closed  vessel  at  140°.  The  osmium  is 
reduced  by  the  mercury,  and  an  amalgam  formed,  which,  when  di  stilled  in  a retort  through 
which  hydrogen  is  passeil  till  all  the  mercury  and  calomel  aro  expelled,  leaves  osmium 
at  a lla^ powder  without  metallic  lustre  (Berzelius).  Metallic  osmium  may  also 
be  obtained  by  digesting  osmic  tetroxide  with  hydrochloric  acid  and  metallic  zinc, 
(Vauquelin), — or  bypassing  the  vapour  of  the  tetroxide  mixed  with  hydrogen  through 
s glass  tube  heated  to  redness  for  about  an  inch  of  its  length,  the  osmium  being  there 
deposited  as  a compact  metallic  ring  (Berzelius),  or  by  igniting  a mixture  of 
chlorosmiato  of  ammonium  with  sal-ammoniac  (Berzelius). 

The  following  is  the  method  adopted  by  Devillo  and  Debray.  A very  intimate 
VoL.  li 
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mixture  of  osmiridium  with  5^  pts.  barium-peroxido  is  heated  for  an  hour  or  two  in  a 
well-cloeed  earthen  crucible  to  the  melting  point  of  silver ; the  reeulting  black  mass 
coarsely  powdered  is  drenched  in  a glass  retort  with  a little  water,  and  then  with  a 
mixture  of  8 pts.  hydrochloric  and  1 pt  ordinary  nitric  acid;  the  mixture  is  distilled  in 
a retort  provided  with  a closely  fitting  and  well  cooled  receiver  containing  aqueous 
ammonia,  as  long  as  vupoars  of  osmic  tetroxide  continue  to  pass  over ; the  osmate  of 
ammonium  thus  obtain^  is  supersaturated  with  solphydric  acid ; the  liquid  containing 
the  suspended  sulphide  of  osmium  is  boiled  for  some  time  and  filtered;  and  the 
sulphide  ofosmium  IS  dried  ataregular  temperature, as  it  might  take  fire  if  too  strong* 
ly  heated.  The  dried  sulphide  is  then  introduced  into  a crucible  made  of  gas-coke, 
polished  on  its  inner  surface,  and  fitted  with  a well-ground  cover,  and  this  crucible, 
placed  within  an  earthen  crucible  containing  sand  and  likewise  well  closed  with  a 
ground  cover,  is  exposed  for  four  or  six  hours  to  the  melting  heat  of  nickel.  The  sul- 
phide of  osmium  is  thereby  reduced  to  the  metallic  state. 

Propertits. — The  properties  of  metallic  osmium  vary  according  to  the  mode  of 
preparation.  In  the  pulverulent  state  it  is  blacl^  destitute  of  metallic  lustre,  which 
however  it  acquires  by  burnishing,  and  has,  according  to  Berzelius,  a density  of  only  7 : 
but  in  the  compact  state,  as  obtained  by  Berselius's  method  above  dcscribefl,  it  exhibits 
metallic  lustre  anda  density  of  10.  Whenreducedbythe  wet  way  it  has  a bluish  tinge.  It 
is  malleable  enough  to  bear  rolling  into  thick  plates,  but  is  easily  reduced  to  powder  under 
the  hammer  (Berzelius).  Deville  and  Debray,  hr  the  method  just  described, 
obtained  it  in  easily  divisible  lumps  having  a bluish  colour  lighter  than  that  of  zinc. 
It  may  be  reduced  to  a more  compact  state  by  heating  it  to  the  melting  point  of 
rhodium,  when  it  attains  a density  of  2T3  to  21*4.  When  heated  with  7 or  8 times 
its  weight  of  zinc  in  a charcoal  crucible  to  bright  redness,  it  dissolves  in  the  zinc, 
separates  on  slow  cooling  in  the  crystalline  state,  and  remains  after  the  zinc  has  been 
removed  by  hvdrochloric  acid,  as  a very  hard  cn  stalline  powder.  If  osmium  bcmelt^-d 
with  zinc  and  the  resultinc  alloy  treated  with  hydrochloric  acid,  the  whole  of  the 
osmium  remains  undlssolvea  as  an  amorphous  very  inflammable  powder:  but  if  the 
zinc  b©  expelled  from  the  alloy  by  a strong  heat,  and  Uie  remaining  osmium  heated  in 
a charcoal  crucible  before  an  oxy-hydrogen  blowpipe  capable  of  melting  rhodium,  the 
osmium  is  obtained  as  a bluish  metallic-shining  mass,  having  the  density  of  21*4,  hard 
enough  to  scratch  glass,  not  however  quite  compact,  but  pon«’trated  by  cavities.  At  a 
still  higher  temperature,  capable  of  melting  ruthenium  and  iridium  and  volatilising 
platinum,  osmium  likewise  volatilisce,  but  still  does  not  melt;  it  is  in  fact  the  most  in- 
fusible of  all  metals. 

Osmium  in  the  finely  divided  state  is  highly  combustible : continuing  to  bum  when 
set  on  fire  till  it  is  all  volatilised  as  tetroxide.  In  this  state  also  it  is  easily  oxidised 
by  nitric  or  nitro-muriatic  acid,  being  converted  into  tetroxide.  But  after  exposure  to 
A red  heat,  it  becomes  much  less  combustible  and  is  not  oxidised  by  nitric  or  nitro- 
muriatic  acid  (Berzelius).  Osmium  which  has  been  heated  to  the  melting  point 
of  rhodium  does  not  give  off  any  vapour  of  tetroxide  when  heated  to  the  melting  point 
of  zinc,  but  takes  fire  at  higher  temperatures  (Deville  and  Debray.) 

OSMTCTK,  CBXiORZDZIS  07.  Osmium  forms  three  chlorides  having  the 
formula*  OsCP,  OsCl*,  and  OsCl*.  A hexchloride  OsCl*  is  also  said  by  BerzeUus  to 
exist  in  certain  double  salts ; but  its  existence  is  not  well  established.  There  is  no 
chloride  corresponding  to  the  tetroxide. 

XHcliloride  of  Osmium  or  Osmlous  Cliloride.  OsCl*. — When  pulverised 

osmium  is  heated  in  perfectly  dry  chlorine  gas  free  from  air,  there  is  formed,  first  a blue- 
black  sublimate  of  osmious  chloride,  then  a red  sublimate  of  osmic  chloride,  OsCl*.  (The 
green  chloride  mentioned  by  Berzelius  is  formed  only  when  moisture  is  not  com- 
pletely excluded.)  The  osmious  chloride,  which  is  produced  in  rehitivcly  small 
quantity,  and  is  difficult  to  obtain  pure,  dissolvee  in  water  w'ith  dark  violet-blue 
colour.  A similar  solution  may  be  obtain^  by  dissolving  osmious  hydrate  in  hydro- 
chloric acid,  or  by  the  action  of  reducing  agents  (such  as  zinc,  tannic  acid,  ferrocyanide 
of  potassium,  or  alcohol)  on  a solution  of  the  tri-  or  tetra-chloride ; but  it  is  veir 
unstable,  oxidising  as  quickly  as  ferrous  chloride,  and  changing  in  colour  to  dark  red, 
and  ultimately  to  yellow.  The  addition  of  chloride  of  potassium  renders  it  more  stable, 
by  forming  a double  salt.  (Claua) 

Trlotilorlde  or  Osmloao-osmfo  Cblortde.  OsCl*. — This  com^und,  which  is 
also  very  unstable  and  cannot  be  obtained  in  the  free  state,  is  coutainHi  in  the  solution 
produced  by  dissolving  the  mixture  of  the  di-  and  tri-chlorides  resulting  from  the 
action  of  chlorine  on  pulverised  osmium,  in  water.  The  solution  lias  at  first  a chrome- 
green  or  blue-green  colour,  but  soon  becomes  purple-violet,  from  formation  of  tri- 
chloride, and  finally  colourless,  in  consequence  of  the  resolution  of  this  compound  into 
osmic  tetroxide,  hydrochloric  acid,  auda  mixture  of  osmious  and  osmic  oxides  which  is 
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timnm  dawn  in  the  form  of  a black  powder.  The  tricblorido  is  sometimes  also  formed 
Ij  treating  a solution  of  the  yellow  tetrachloride  with  a largo  quantity  of  hydroclUoric 
add,  or  by  the  action  of  sulphydrie  acid  on  a solution  of  osmic  tetroxide  containing  a 
large  quantity  of  hydrochloric  acid. 

PoUiAno^mioso-osmic  chloride  oi  ChlorosmiU  ofPotoBsium^  K*OsCl*  or  SKCl.OsCl*, 
is  produced,  tc^ther  with  potassio-oemic  chloride,  when  a mixture  of  pulverised  osmium 
and  chloride  of  potassium  is  strongly  ignited  in  chlorine  gas.  On  dissolving  the  ignited 
mau  in  water,  and  evaporating,  the  osmic  salt  crystallises  out  Erst,  and  afterwards 
the  oemioso-osmic  salt  in  small  quantity.  The  latter  is  more  easily  obtained  by  the 
adioa  of  hydrochloric  acid  and  chloride  of  potassium  on  osmiamate  of  potassium 
(pi.  239) : a concentrated  aqueous  solution  of  osmic  tetroxide  is  mixed  with  caustic 
potash  and  ammonia,  then  saturated  with  dilute  hydrochloric  before  it  turns  yellow 
aad  deposita  osmiamate  of  potassium  and  quickly  evaporated  to  dryness  over  the 
vater-bath  ; and  the  residue  is  freed  from  sal-ammoniac  and  chloride  of  potassium  by 
careful  washing  with  ice-cold  water. 

The  double  chloride  is  thus  obtained  in  dark  red  or  red-brown  crystals,  SKCLOsCl*. 
3HH),  which  give  off  half  their  water  by  effloresence  in  the  air,  burning  rose-red  at 
the  same  time,  and  the  whole  between  150°  and  180°.  It  dissolves  easily,  with  deep 
cherry-red  colour  in  water  and  in  alcohol,  but  is  insoluble  in  ether;  has  a nauseous 
itroD^y  astringent  taste,  and  decomposes,  especially  when  heated,  turning  brown,  and 
a black  oxychloride.  The  aqueous  solution  ^ves  with  potaeh,  ammonia^  or 
carbonate  of  jtoiaasium^  a brownish-red  precipitate  of  hydrated  osmioso-osmic  oxide, 
vhicb  dissolves  in  ammonia,  but  only  parually  in  potash  (and  is  precipated  therefrom 
»t  the  boiling  heat.  The  same  solution  gives  with  nitrate  of  silver  a dirty  grey-brown 
prrapitate  soluble  in  ammonia.  Heated  with  tannic  acid,  or  alcohol  (with  addition 
of  hydrochloric  acid)  it  is  reduced  to  the  blue  dichloride.  With  sulphydrie  acid  and 
tnl^ide  of  ammonium,  it  yields  brown-black  sulphide  of  osmium,  insoluble  in  sulphide 
of  ammonium.  (Claus.) 

Ammonio-osmioto^osmie  Chloride.  3NH*Cl.0sCl*.3H*0,  resembles  the  potassium- 
salt 

Tetrmohlorf da  of  Osmlnm  or  Osmio  CUortde.  OsCl^ — This  is  the  red  com- 
pound which  constitutes  the  principal  part  of  the  product  obtained  by  igniting  osmium 
m chlorine  gas.  It  dissolves  with  yellow  colour  in  water  and  alcohol,  and  is  decomposed 
quickly  in  dilute  solution,  more  slowly  in  presence  of  hydrochloric  acid  or  metallic 
chlorides,  yielding  a black  precipitate  of  osmic  oxide  and  a solution  of  osmic  tetroxide 
and  hydro^loric  acid. 

Osmic  chloride  unites  with  the  chlorides  of  the  alkali-metals  forming  salts  sometimes 
called  chlorosraates.  From  the  solutions  of  these  salts,  sulphydrie  acid  and  sidphide 
of  ammonium  slowly  precipitate  a yellow-brown  sidphide  insoluble  in  alkaline  sulphides. 
Hitraie  of  silver  forms  an  olive-green;  stannous  chloride  a brown  precipitate.  Tannic 
acid  on  Wting  produces  a blue  colour,  but  no  precipitate ; ferrocyanide  of  potassium, 
a green,  then  a blue  colour ; iodide  of  potassium,  a deep  purple-red  colour.  Potash 
gives  a black,  ammonia  a brown  precipitate,  slowly  in  the  cold,  immediately  on  boiling. 
Uetallic  sine  and  formate  of  sodium  throw  down  metallic  osmium.  (Berzelius.) 

Ammonio^mic  Chloride  or  Chlorosmate  of  Ammonium,  2NH*C1.0sCl*,  is  formed 
on  mixiiig  a solution  of  the  sodium-salt  with  sal-ammoniac,  as  a red-brown  precipitate, 
and  separates  from  the  mother-liquor  in  black-brown  octahedrons.  It  is  even  more 
decomposible  than  the  potassium-salt,  and  leaves  when  ignited  a residue  of  spongy 
osmium.  (Claus.^ 

A^ento-osmic  Chloride.  2AgCLOsClV — Obtained  as  a dirty  green  precipitate  on 
^di^  ammonia  to  the  solution  of  the  sodium-salt  (Claus).  In  contact  with  ammonia 
it  is  converted  into  a minium-red  very  unstable  compound,  Ag*OsCl*.2NH*,  soluble 
with  yellow  colour  in  a largo  quantity  of  water  (Eichler,  Jahresb.  1860,  p.  216,  Clans). 
The  same  compound  is  formed  on  adding  nitrate  or  ammonio-chloride  of  silver  to  a 
solution  of  potassio-osmic  chloride  containing  ammonia.  (Eichler.) 

Potassio-osmic  Chloride,  K*OsCl*  or  2KC1.0sCl*,  is  obtained  by  gently  igniting 
a mixture  of  chloride  of  potassium  and  metallic  osmium  in  a stream  of  cUorine 
(Berselius),  or  by  precipitating  a solution  of  the  sodium-salt  with  chloride  of  potas- 
num  ^laus).  It  forms  brown  or  minium-red  octahedrons,  sparingly  soluble  in  water, 
insoluble  in  alcohoL  Paper  moistened  with  the  aqueous  solution  acquires  a blue  colour 
Dot  removable  bv  washing  (Berzelius).  The  aqueous  solution  becomes  greenish 
after  a while,  and  black  on  L:)iling,  the  osmic  chloride  being  decomposed  in  the  man- 
ner above  mentioned.  Potash  decolorises  the  solution,  and  on  boiling  throws  down  a 
blu^bUdt  precipitate  of  osmic-hydrate.  Dilute  ammonia  throws  down  a yellowish- 
precipitate  which  changes  after  a while  into  a brown  ammoniacal  compound, 
(Claus.) 

Eichler  (Jahresb.  1860,  p.  214),  by  dissolving  hypo-osmite  of  potassium,  K*0.30«0* 
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(ol>tuinod  by  exposing  an  alcoholic  solution  of  the  osmite,  K*0.0s*0*  (p.  247),  to  sun- 
shine), in  cold  hydrochloric  acid,  obtaine<l  a dark  violet  solution  of  potaasio-osmic  chlo- 
ride, which  was  more  readily  decomposible  than  the  greenish-yellow  solution  of  the 
oct4\h»  dral  double  salt  above  described,  inasmuch  a»  it  gave  with  potash  an  immediate 
black  precipitate  of  osmic  oxide,  a similar  precipitate  with  a small  quantity  of  ammonia, 
also  with  phosphate  of  sodium.  By  exposure  to  the  air  it  was  gradually  converted  into 
the  yellow  solution  of  the  ocfah(*dral  salt.  [ ? Did  not  this  violet  solution  contain 
osmious  as  well  as  osmic  chloride.] 

S^>dio-o»mic  chloride^  2NsiCl.08Cl\  prepared  by  heating  a mixture  of  sulphide  of 
esmium  and  chloride  of  sodium  in  a current  of  moist  chlorine,  crj'stallisea  in  omnge- 
coloured  rhombic  prisms  an  inch  long,  easily  soluble  in  water  and  in  alcohol  (Claus.) 

Kexoliloride  of  Oamliim*  OsCB  ? — Not  known  in  the  free  state,  but  said  by 
Berzelius  to  be  obtained,  in  combination  with  chloride  of  ammonium,  when  a sol- 
ution of  osmic  tetroxidc  mixed  with  ammonia  is  treated  with  hydrochloric  acid,  mer- 
cury being  also  placed  in  contact  with  it  After  a few  days  the  liquid  loses  the  odour 
of  osmic  tetroxiae,  and  leaves  the  doable  chloride  on  evaporation  in  brown  dendritic 
crystals. 

osittxms,  OBTBCTZOir  AJn>  ESTZKATIOV  02*.  All  osmium-com- 
pounds, when  boiled  with  an  excess  of  nitric  acid,  give  off  the  unpleasant  pungent 
odour  of  osmic  tetroxide.  By  ignition  in  hydrogen  gas,  they  are  reduced  to  metallie 
osmium,  which  as  well  as  the  lower  oxides,  emits  the  same  odour  when  heated  in  eoutact 
with  the  air.  Those  which  contain  iridium,  however,  offer  greater  resistance  to  thu 
action  of  oxygen  or  oxidising  agents  than  those  which  are  free  from  that  metal  Such 
compounds  should  first  be  reduced  by  hydrogen  to  the  state  of  an  alloy  of  osmium  and 
iridium,  in  which  state  small  quantities  of  osmium  are  more  easily  detected  by  oxi- 
dation. 

For  the  reactions  of  osmium  salts  in  solution,  see  pp.  243,  246. 

Quantitative  Eetimation  and  Separatum.  Osmium  is  generally  estimated  in  the 
metallic  state.  The  best  mode  of  separating  it  from  the  metals  with  which  it  is  usually 
accompanied,  is  to  Tolatilise  it  in  Uie  form  of  osmic  tetroxide — by  distillation  with 
nitromnriatic  add,  if  the  compound  be  perfectly  soluble  therein,  or  by  roasting  in  a 
stream  of  oxygen—receiving  the  vapours  of  osmic  acid  in  a strong  solution  of  potash ; 
and  to  reduce  the  resulting  salt,  by  the  addition  of  a few  drops  of  alcohol,  to  osmite  of 
potassium,  which  is  insoluble  in  the  alcoholic  liquor.  The  osmito  of  potassium  is  then 
digested  in  a cold  solution  of  sal-ammoniac,  whereby  the  compound  2NH*ClN*H*OsO* 
is  produced,  and  the  osmium  reduced  to  the  metallic  state  by  igniting  this  last-men- 
tioned compound  in  a current  of  hydrogen  gas.  (Fr^my.) 

Another  mode  of  proceeding  is  to  condense  the  acid  vapours  evolved  by  distilling  a 
compound  of  osmium  with  nitro-muriatic  acid  in  a well-cooled  receiver,  and  precipitate 
the  osmium  from  the  solution  by  metallic  mercury.  A precipitate  is  thereby  obtained 
consisting  of  calomel,  a pulverulent  amalgam  of  osmium,  and  metallic  mercury  con- 
taining a very  small  quantity  of  osmium.  This  mixture  is  heated  in  a glass  bulb 
through  which  a stream  of  hydrogen  is  passed,  whereupon  the  mercury  and  its  cliloride 
volatilise,  and  metallic  osmium  is  left  in  the  form  of  a black  powder.  The  liquid,  how- 
ever, still  retains  a small  quantity  of  osmium,  which  may  be  is4«lHted  by  saturating 
with  ammonia,  evaporating  to  (Irjness.  and  calcining  the  rc*sidue  (Bor  zcH  us).  Tho 
osmium  may  also  l>e  precipitated  from  the  distilltKl  liquid  by  sulphydric  acid,  the  sol- 
ution, after  complete  saturation,  being  left  for  several  days  in  a stoppered  bottle,  till 
the  sulphide  of  osmium  is  completely  deposited.  The  sulphide  is  then  wivsluid,  dried, 
and  weighed;  but  as  it  is  apt  to  retain  moisture,  and,  moreover,  oxidises  to  u certain 
extent  in  the  air,  the  method  is  not  very  exact.  It  is  recomniende<l  however,  for  the 
estimation  of  small  quantities  of  osmium,  the  method  of  precipitation  by  mercury  being 
better  adapted  for  larger  quantities. 

The  mo.st  difficult  of  all  compounds  of  osmium  to  decompose  is  the  native  alloy  of 
osmium  and  iridium,  especially  the  pale  variety.  Tho  difficulty  arise.s  in  a great  mea- 
Bure  from  the  extreme  hardness  of  tne  mineral.  The  best  method  of  disintegrating  it 
is  that  given  by  Devillo  and  Dcbray,  which  consists  in  igniting  it  with  six  times 
its  weight  of  pure  zinc,  till  the  latter  is  completely  volatiliseil  The  osmiridium  is 
then  left  behind  as  a spongy  ma.ss,  easily  reduced  to  very  fine  powder.  The  decom- 
position may  then  be  effected  by  igniting  the  pulverised  mineral  mixed  with  chloride 
of  sodium  in  a stream  of  emorine  (Wohler);  or  by  ignition  with  nitrate  and 
hydrate  of  potassium  (Claus) ; or  with  oblonite  and  hydrate  of  potassium  (Fritzsch  e 
and  Struve,  J.  pr.  Chem.  xxxvii.  483);  or  with  peroxide  and  nitrate  of  barium 
(Devillc  and  Debray).  See  Iridiim  (iii.  314)  and  OHMimnirM  (iv.  241). 

Atomic  weiyht  of  Osmium. — Berzelius  determined  the  atomic  weight  of  this  metal  by 
heating  potassio-osmic  chloride,  2KClOsCB,  in  a current  of  hydre^en,  1’3165  grm.  of 
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(be salt lettving  0401  grm.  KCl  aod  0*535  grm.  osmium;  hence,  if  KCl  » 174*5,  wo 
find  Os  = 198*8. 

Different  namben  are  however  obtained  by  comparing  the  original  weight  of  the  salt 
vith  that  of  the  chloride  of  potassium  left,  or  with  the  quantity  of  chlorine  given  off 
(0  3S05  grm.),  the  result  being  in  the  former  case,  Os  =*  198*4 ; in  the  latter,  Os  » 
2mi. 

Fremy  (Ann.  Ch.  Phya  [3]  xii.  361),  from  experiments  with  osmic  tetroxide,  the 
details  of  which  have  not  l^ou  published,  estimates  the  atomic  weight  of  osmium  at 
199-6. 

The  number  199  may  therefore  be  regarded  os  very  near  the  truth. 

OSBCXimK,  OXZDZtS  OF.  Five  oxides  of  osmium  are  known,  namely  OsO, 
0i*0*,  OsO%  OsO’,  OsO*. — The  first  three  form  salts  with  acids  ; the  third  apMars  also 
to  set  as  a weak  acid  forming  a potassium-salt ; the  fourth  is  also  a weak  acid  forming 
vith  bases  a few  salts  called  osmites.  The  tetroxide,  OsO*,  is  usually  rogardt^  as 
an  acid  and  called  osmic  acid  ; but  its  solutions  in  alkalis  arc  very  unstable  and  do  not 
jield  definite  salts : hence  it  cannot  bo  regarded  as  a true  acid  oxide. 

ftt>tozl<Ie,  or  Osmlovu  Oxide.  OsO. — Obtained  in  the  anhydrous  state  by  ignit- 
ing osmious  or  potassio-osmious  sulphite  in  a stream  of  carbonic  anhydride.  A blue- 
llik  hytlrate,  probably  OsH^’,  is  produced  by  heating  osmious  sulphite  with  strong 
potash  solution,  in  a closed  vessel.  >Vh*‘D  recently  prepared  it  forms  with  hydrochloric 
«nd  a blue  solution  which  however  quickly  becomes  violet,  dark-red,  and  finally  yellow, 
oxidising  in  fiict  as  quickly  as  a solution  of  a ferrous  salt  (Claus).  Berzelius  by 
precipitsting  potaasio-osmions  chloride  with  potash,  obtained  a greenish-bluck  hydrato 
which  dissolved  slowly  in  acids,  forming  green  soluti(*us. 

Osinioiu  tulphiU,  OsSO’,  is  obtained  % mixing  an  aqueous  solution  of  the  tetroxide 
with  sulphurous  acid.  The  liquid  then  turns  yellow,  red  and  finaUy  deep  indigo-blue, 
and  when  eraporated  or  heated  with  sulphate  or  carbonate  of  sodium,  deposits  thu 
wit  as  ablue  jelly,  which  easily  oxidises  while  moist,  but  forms,  when  dry,  a very  stable 
powder  of  a dull  black-blue  colour.  The  salt  is  insoluble  in  water,  but  dissolvi's  iu 
hvdrochloric  acid  with  iudigo-bluo  colour,  and  without  evolution  of  sulphurous  anhy- 
dnde.  It  is  deeomposecl  by  potash  at  the  boiling  heat,  and  is  resolved  by  beat  into 
folphide  of  osmium,  osmic  tetroxide  and  sulphurous  acid,  the  two  latter  of  which  how- 
ever easily  reproduce  the  original  salt.  (Claus.) 

Tot<u»io-O9miou»  Svlj^hite,  3K’S0*.0eS0*.5H’0  or  1 0*.5H’0. — Potassio-osmic 

chloride  heated  with  aqueous  salphurous  acid  becomes  colourless  and  deposits  this  salt 
as  a white  pnlvemlent  precipitate,  which  when  dried  forms  a light  crystalline  powder 
having  a tinge  of  rose-colour.  It  dissolves  slightly  in  water,  and  has  a scarcely  per- 
ceptible lustre ; decomposes  at  180^,  assuming  a dingy  violet  colour.  (Claus,  Ann.  Ch. 
Pharm.  xiiL  355.) 

Adi  Otmtous  Sulphite  vrith  Chloride  of  Potaesium,  6KC1.0sSO*.80*.^Formed 
by  treating  the  last-described  salt  with  hydj^hlorio  acid.  It  is  a brown-red  crystalline 
aohydmos  salt,  very  soluble  and  having  a sharp  taste.  (Clans,  Ann.  Ch.  Pharm. 
IxTii.  375.) 

BeaqnloxMe  of  Osmium,  Os’O*,  is  obtained  by  heating  either  of  the  double 
salts  of  the  trichloride  (p.  244)  with  carbonate  of  sodium  in  a stream  of  carbonic  anhy- 
dride. It  is  a black  powder  insoluble  in  acids.  The  hydrate,  Ob*0*  3H’0?  obtained 
by  precipitation,  has  a dirty  brown-rod  colonr,  is  soluble  in  acids,  but  does  not  yield 
pure  salts. 

Dioxide,  or  Osmio  Oxide,  OnO^  is  obtained  as  a black  insoluble  powder,  by 
beating  potassio-osmic  chloride  (p.  245)  with  carbonate  of  sodium  in  a stream  of  carbonic 
auhy^ue  (Berzelius,  Claus),  or  in  copper-red  metallic-shining  lumps,  by  heating 
the  coiTPsponding  hydrate.  Osmic  hydrate,  0s0*.2H’0,  is  obtained  by  precipitating 
s solution  of  potassio-osmic  chloride  with  potash,  at  the  boiling  heat  (Berzelius, 
Clans),  or  in  greater  purity  by  mixing  a solution  of  potassic  osnute  (E’O.OsO’)  with 
dilute  nitric  acid  (Claus): 

20s0*  =*  OsO*  + OsO*. 

It  is  then  precipitated*na  a black  somewhat  gummy  powder,  which  dries  up  to  lumps 
having  a conchoidal  fracture.  It  is  sparingly  soluble  in  acids,  and  when  heated,  de- 
^>mposee  with  scintillation,  giving  ofiT  osmic  tetroxide  and  hydrogen,  and  leaving  osmic 
oxi<U : 

20sn*0*  :=  OsO*  + OsO*  H*  -f-  2H*0. 

Clans  supposes  that  there  is  also  another  osmic  hydrate,  080*.6H^0,  which  is  soluble  in 
potash,  is  converted  by  heat  into  the  preceding  hydnite. 

The  anhydrous  oxide  and  the  hydrate  are  both  insoluble  iu  acids.  An  osmic  sulphate 
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IB  said  to  be  obtained  br  diaeolring  dUnlpbide  of  osmium  in  cold  dilute  nitric  sdd; 
but  the  onij  well-defined  osmic  salts  known  are  the  double  aalU  of  osmie  chloride  with 
the  chlorides  of  the  alkali-metals  (p.  245). 

A compound  of  osmic  oxide  with  potash,  K*0.30s0*,  which  maj  be  called  hfpth 
csmite  of  potasnum,  is  obtained,  according  to  Kichler  (p.  246)  bj  exp^osing  a aolutioQ  of 
osmic  tetroxide  mixed  with  alcohol  and  excess  of  potash  to  dirMt  sunshine,  and  treat- 
ing the  black  precipitate  which  separates  after  a while  with  dilate  nitric  add. 

Tiioxlde  of  Osmlani.  O$miom  Anhydride.  OsO*. — This  oxide  is  not  known 
in  the  free  state,  but  according  to  Mallett  (Sill.  Am.  J.  [2]  xxix.  49),  when  the 
mass  obtained  bj  fusing  platinum-residues  with  3 pts.  ealtpetre  is  distilled  with  strong 
sulphuric  acid,  a mixture  or  compound  of  the  trioxide  with  the  tetroxide  passes  orer 
at  the  beginning  of  the  distillation,  and  condenses  in  jellow  drops  which  slowly  solidify 
to  a mass  resembling  unbleached  beeswax  ; at  a later  stage  of  the  process  the  tetroxide 
passes  over  pure. 

0 smite*.* — OsMO*  or  M^O.OsO*. — These  are  salts  obtained  by  the  action  of  re- 
ducing agents  on  osmic  tetroxide  in  presence  of  alkalis. 

OsmiU  of  potassium,  OsEO*.H^O,  is  obtained  as  a rose-coloured  crystalline  powder 
on  adding;  a few  drops  of  alcohol  to  a solution  of  the  tetroxide  in  caustic  potash  (osmats 
of  potassium)  or  in  octahedral  crystals  of  considerable  sire,  by  mixing  the  same  soln- 
tion  with  nitrite  of  potassium  and  leaving  it.  to  evaporate  slowly.  It  may  also  be 
formed  by  dissolving  osmic  oxide  in  the  alkaline  solution  of  the  tetroxide.  It  is  soluble 
in  veater,  insoluble  in  alcohol  and  ether,  permanent  in  dry  air,  but  changes  into  osmate 
under  the  influence  of  air  and  water.  Cnlorine  converts  it  into  osmic  oxide  and  osmate 
of  potassium.  It  is  decomposed  by  acids,  even  by  the  weakest,  osmic  oxide  being  pre- 
cipitated and  osmic  tetroxide  evolved.  Sxdphurous  acid  introduced  into  a solution  of 
this  salt,  previously  rendered  alkaline,  throws  down  a yellow  crystalline  precipitate, 
containing  a salt  whose  add  is  formed  of  osmium,  oxygen,  and  sulphur.  Chloride  of 
ammonium  decomposes  osmite  of  potassium,  forming  a nearly  insoluble  yellow  salt, 
2NUH!^1.080^’H\  This  compouna,  heated  in  a stream  of  hyd^gen,  gives  ofiT  ammonia 
and  sal-ammoniac;  and  leaves  metallic  osmium. 

Osmite  of  sodium  is  prepared  in  the  same  manner  as  osmite  of  potassium,  but  does 
not  crystallise  so  easily ; its  solutions  are  rose-coloured.  Osmite  of  ammonium  does  not 
appear  to  exist ; the  osmites  of  potassium  and  sodium  are  rapidly  reduced  by  ammonia. 

Tetroxide  of  Oamium,  commonly  called  Osmic  act'd.  OsO^ — This  is  the  volatile 
strong-smelling  compound  producod  when  osmium  or  either  of  its  brown  oxides  is 
heated  in  the  air  or  treated  with  nitric  or  nitro-muriatic  acid.  The  best  mode  of  obtaining 
it  pure,  according  to  Claus,  is  to  rectify  the  distillate  obtained  by  treating  finely 
divided  osmiridium  with  nitro-muriatic  acid,  using  good  means  of  condensation,  satur- 
ate the  first  third  of  the  new  distillate  with  potash,  and  distil  a third  time.  Pun 
tetroxide  of  osmium  then  collects  in  the  receiver,  partly  in  concentrated  solution,  partly 
in  large  beautiful  crystals.  Its  vapour  has  an  intolerably  pungent  odour,  attacks  the 
eyes  strongly  and  painfully,  and  is  excessively  poisonous.  As  an  antidote  to  its  poison- 
ous action  Claus  recommends  the  inhalation  of  eulphydric  acid  gas.  Its  taste  is  acrid 
and  burning,  hut  not  acid.  It  softens  like  wax  by  the  heat  of  the  ban^  melts  to  a 
colourless  liquid  considerably  below  100^,  and  boils  at  a temperature  a little  above  its 
melting  point  It  is  dissolved  slowly  but  in  considerable  quantity  by  water ; the  solu- 
tion has  no  acid  reaction.  It  is  dissolved  also  in  alcohol  and  ether,  but  the  solutions  are 
apt  to  decompose  spontaneously,  depositing  metallic  osmium.  It  is  a powerful  oxidising 
agent,  decolorising  indigo-solution,  separating  iodine  from  iodide  of  potassium,  convert- 
ing alcohol  into  aldehyde  and  acetic  acid,  and  the  carbohydrates  into  oxalic  and 
carbonic  acids.  Ammonia  decomposes  it  in  the  manner  shown  by  the  equation  : 
30s0^  -t-  4NH*  = 30s0*  + 'S*  + 6HK). 

If  the  ammonia  is  in  excess,  it  forms  a base  with  the  osmic  oxide  thus  produced : 
30s0*  -*■  lONH*  - 3N*H*OsO»  + S*  + 6H*0. 

If  potash  is  likewise  present,  osmiamato  of  potassium  is  formed; 

60s0<  + 8NH'  + 6KHO  = SK'N^OsK)*  N*  -i-  16H*0. 

Osmic  tetroxide  dissolves  in  alkalis,  forming  yellow  or  red  solutions,  which  are  in- 
odorous in  the  cold,  but  when  evaporated  by  heat,  give  off  the  tetroxide  and  leave  solid 
residues,  regarded  by  Berzelius,  who  however  did  not  analyse  them,  as  osmates  {i.  e. 
compounds  of  the  tetroxide  with  alkaline  oxides).  But,  according  to  Claus,  a solution  of 

• n«ui  deilgniites  these  sslts  u osmaUt,  because  the  salts  so  called  bjr  Bertelios  do  not  appear  to 
exist  (o  deSoUa  form,  the  solutions  of  tetroxide  of  osmium  in  alkalli  belof  always  decomposed  by  evap- 
onuloo.  But  it  is  scarcely  worth  while  to  alter  the  ordinary  oomeoclature,  especially  as  the  osmates 
(salts  of  the  tetroxide)  may  be  supposed  to  exist  in  soluiioa. 
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the  t^troxide  in  strong  caustic  potash,  gives  off  when  heated  the  greater  part  of  the 
tetroxide,  while  the  remainder  is  resolved  into  free  oxygen  and  osmite  of  potassium, 
O&KO*  or  KKl.OsO*.  A moderatelj  strong  aqueous  solution  of  osmic  tetroxide  poured 
upon  solid  hydrate  of  potassium,  becomes  heated  and  forms,  without  evolution  of  oxygen, 
a blood*re<l  solution  containing  nothing  but  osmite  of  potassium.  (Claus.) 

OSBCXVaCf  SVXbFHZSSS  OVa  Osmium  bums  in  sulphur-vapour.  Five  sul- 
phides of  osmium  are  said  to  exist,  analogous  to  the  oxides,  the  first  four  being  produced 
by  decomposing  the  corresnonding  chlorides  with  sulphydricacid,  and  the  tetrasulphide 
by  passing  sulphydric  acid  gas  into  a solution  of  the  tetroxide.  It  is  a sulphur-acid 
perfectly  soluble  in  water,  whereas  the  others  are  sulphur-bases,  slightly  soluble  in 
water,  and  forming  deep  yellow  solutions  (Berzelius).  According  to  Claus  ( Jahresb. 
IR59,  p.  264),  a pure  solution  of  osmic  tetroxide  yielils  with  sulphuric  acid  a precipitate 
containing  less  sulphur  than  the  tetrasulphide,  OsO*;  but  the  latter  maybe  obtained 
pure  by  previously  acidulating  the  solution  of  the  tetroxide  with  hydrochloric  acid, 
which  does  not  r^nce  it. 

OSamrM«BASlSB,  AaOCOirXACAB.  a.  Osmio^luxhydrio  dioxi^dinitride, 
N*H*OsO*  = H^*(' — substance  is  obtained  in  combination  with  1 at.  water 

(y^K>sO*  =s  N*H*0s0*.H*0),  by  the  action  of  ammonia  in  excess  on  ammonio- orpo- 
tassio-osmic  chloride,  or  more  easily  by  heating  an  aqueous  solution  of  the  tetroxide  with 
ammonia  (p.  246).  It  is  a brown-black  tasteless  powder,  which  decomposes  with  scin- 
tillation when  heated,  dissolves  in  potash,  less  easily  in  ammonia,  and  slowly  in  acids. 
The  potash-solution  when  heated  gives  off  ammonia  and  deposits  (ammoniacal)  osmic 
hydrate.  The  acid  solutions  are  red-brown,  leave  when  evaporated  uncrystallisable 
b^ic  salts,  only  partially  soluble  in  water,  and  yield  with  potA.sh  or  ammonia  a pre- 
cipitate of  the  unaltered  [lase.  The  chloride  whicn  remains  on  evaporating  the  solution 
of  the  base  in  hydrochloric  acid,  is  a brown-black  brittle  mass  only  partially  soluble  in 
water  and  probably  consisting  of  N*H*0sCl*.xH’0.  (Claus,  Jahresb.  1863,  p.  303.) 

A Fr^my  (Ann.  Ch.  Phys.  [3]  xii.  221),  by  adding  a cold  solution  of  potassic 
oemite  to  a solution  of  sol-iunmoniac,  obtain<‘d  a vellow  crystalline  precipitate  contain- 
ing, according  to  his  analysis,  N*H**OsO’Cl*,  and  regarded  by  him  as  a compound  of 
oal-ammoniac  with osmiamide,  2NH*C1,  ^*H*OsO*  Accordingto  Gibbs  ana  Genth 
(Sill.  Am.  J.  [2]  XXV.  248),  it  forms  a double  salt  with  platinic  chloride,  and  when 
treated  with  various  silver-s^ts,  yields  corresponding  oxy-salts  which  are  orange-yellow, 
nearly  insoluble  in  cold  water,  more  soluble  in  hot  water,  forming  solutions  which  am 
easily  decomposed,  with  evolution  of  osmic  tetroxide.  According  to  Claus,  Fr6my’s 
compound  probably  consists  of  N*H*OsCl.H^O,  inasmuch  as  it  mosely  resembles  the 
ruthenium-compound  of  analogous  composition  (see  KcTHXKiintf).  The  corresponding 
sulphate  treated  with  baryta-water  yields  a very  unstable  solution  of  a base  which 
Claus  supposes  to  contain  osmious  oxide. 

0SM08B.  See  Liqiids,  Osmosb  of  (iii.  718). 

OBBBXSr*  Syn.  with  Boxe-cartilaoe  (i.  619). 

08TX0UTB.  A tricalcic  phosphate,  Ca'P’O*,  found  near  Banau,  also  at  Ambcrg 
in  the  Erzgebirge.  A specimen  from  the  latter  locality  analysed  by  Gorup-Besanez 
(Ann.  Ch.  Pharm.  Ixxxix.  221)  gave  42  00  per  cent,  phosphoric  anhydride,  48*16  lime, 
4 97  silica,  1*56  ferric  oxide,  0'75  magnesia,  0 04  potash,  0 02  soda,  2*21  carbonic 
anhydride,  and  I'31  water  ( sa  101'02).  It  is  probably  an  apatite  which  has  lost  its 
fluorine  and  chlorine.  It  has  a compact  texture,  like  lithographic  stone,  or  else  is 
earthy  and  atlheres  to  the  tongue.  SpcciBc  gravity  » 2*89.  (Bromeis,  Ann.  Ch. 
Pharm.  Ixxix.  1.) 

08TBAJrZTB.  A greyish-brown  zircon  from  Brevig  in  Norway. 

08XBS0C03bXhA.  A name  of  earthy  limestone. 

OTBYX  (contraction  of  Ox-ethyl).  The  name  given  by  Williamson  to  the 
acid  radicle  C*H*0,  commonly  called  ocefy?.  (See  Nomknclatuke,  p.  132.) 

OTOBA-VAT«  Obtained  from  the  fruit  of  Myristica  otoba.  It  is  nearly  colour- 
less, buttery,  smells  like  nutmegs  when  fresh,  disagreeably  in  the  melted  state.  Melts 
at  36*^.  Contains  myristin,  olein,  and  otobite.  (Uricoechea,  Ann.  Ch.  Pharm.  xci. 
369.) 

When  otoba-fat  is  saponified  and  the  soap  is  treated  with  alcoholic  acetate 
of  magnesium,  a precipitate  is  formed  containing  otobite  and  myristic  acid;  and  on 
diaaolving  out  the  latter  with  alcohol,  the  otobite  remains  and  may  be  purified  by  re- 
crystallisation  from  hot  alcohol  or  other.  It  forms  lai^e  colourless  prisms  having  a 
glassy  lustre,  tasteless  and  inodorous,  melting  at  133^,  and  solidifying  in  the  ciystalJiue, 
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or  if  more  atrongly  heated,  in  the  amorphous  state.  It  is  not  volatile,  but  creeps  up 
the  sides  of  the  tube  when  heated.  Contains  on  the  average  73’02  C,  6'40  H,  and  20'68 
O,  agreeing  nearly  with  the  formula  (Uricoechca.) 

OTTMI^XTB.  A silicate  of  micaceous  structure  occurring  at  Ottres,  near  Stavelot, 
on  the  borders  of  Belgium  and  Luxembourg,  in  small  shining  scales  or  plates  dissem- 
inated through  the  gangue.  Specific  gravity  — 4*4.  Scratches  glass  with  difiiculty, 
has  a blacki^,  greenish-grey  or  black  colour,  and  pale  green  streaJc  Before  the  blow- 
pipe it  fuses  wim  difficulty  to  a black  magnetic  globule,  and  gives  with  fluxes  the  re- 
actions of  iron  and  manganese.  Contains  43*34  per  cent  silica,  24*63  alumina,  16*72 
ferrous  oxide,  8*18  manganous  oxide,  and  6*66  water  ( = 98*68)  agreeing  approxi- 
mately with  the  formula  3(Fe ; Mn)"SiO*..Xl*Si*0'*. 

Phyilite  (g.  «.)  from  Sterling,  Massachussetts,  is  regarded  by  Dana  as  identical  with 
ottrelite,  but  the  analyses  of  the  two  minerals  differ  considerably. 

OXnTASOVZTB.  Lime-chrome  garnet  from  Bisscrak  in  the  Ural.  (See  OaiucsT, 
ii.  772.) 

OWA&A  or  Opochala.  A leguminous  plant  growing  on  the  Gaboon  and  near  Fer- 
nando Po,  the  seeds  of  which  ^deld  a fat  oiL  (Arnaudon,  J.  Pharm.  [3]  xxxvii. 
404.) 

OWSXrxTS.  Thuringite  from  the  Potomac.  (See  TRURUfOiTS.) 

UC’H*)" 

OXABB27UBXSS.  * N*i  (C^O*)". — A substance  obtained  by 

( 

heating  oxalate  of  benzidine,  C'*n**N^.C*HK)‘  — 2H*0  = C**H**N*0*.  It  is  pul- 
verulent. quite  insoluble  in  water,  alcohol,  ether,  dilute  acids,  and  alkalis,  and  is  re- 
solved by  strong  potash  into  oxalic  acid  and  benzidine.  (Borodine,  ^^itschr.  Cb. 
Pharm.  1860,  p.  533.) 

OXACAXiCXTB.  Native  oxalate  of  calcium  (p.  256). 

OXA.CSTXC  ACXD.  Syn.  with  Gltcoluc  Acid. 

OJCAXtACSTXC  ACZI>.  A name  applied  by  Dumas  and  Piria  (Ann.'Ch.  Phys. 
[3]  V.  353)  to  tartaric  acid,  from  a peculiar  view  which  they  held  of  its  constitution. 

OXAXAlff.  Syn.  with  Oxalubamidb  {q,  v.), 

OXAl*AVTTXir.  C*H^N*0*.  (Limpricht,  Ann.  Ch.  Pharm.  cxi.  133.) — A body 
produced  by  the  action  of  nascent  hydrogen  on  parabanic  acid: 

2C>H*NK)»  + H*  = C*H*N<0».H»0; 

Parabulc  acid.  Oxalaatio. 

it  is  related  to  parabanic  acid  in  the  same  manner  as  alloxantin  C*H*N*0*,  to  alloxan 

C*H*N^O*. 

It  is  obtained  in  the  form  of  a zinc-compound  by  the  action  of  zinc  and  hydrochloric 
acid  on  parabanic  acid;  on  treating  the  crystalline  powder  thus  produced  with  sul- 
phydric  acid,  and  evaporating  the  filtrate,  oxalantin  is  obtained  in  hard  white  crusts, 
having  when  dried  at  100®,  the  composition  C*IPN*0‘.H*O.  It  is  sparingly  soluble  in 
water,  nearly  insoluble  in  ^cobol  and  ether;  the  aqueous  solution  has  a slight  acid  re- 
action. It  is  not  oxidised  by  nitric  acid  or  peroxide  of  load  at  the  boiling  heat,  but 
when  its  aqiuHius  solution  is  heated  with  mercuric  oxide  or  silver-nitrate  and  ammonia 
is  added,  reduction  takes  place  immediately.  Oxalantin  dissolves  easily  in  and 

alkaline  carbonates,  with  effervescence  in  the  latter  case.  The  solutions  when  evapo- 
rated appear  to  contain  oxaluric  acid. 

OXA.UC  ACID.  C»U'0*  = ^*^^7 1 O’  Oxahaure.  Kleaaurt.  Saufrkletsaurf. 

Kohli^e  Siiurf.  Acidr  oxalimif.  Acide  carboneux. — This  acid,  the  first  of  the  series  of 
dibasic  acids,  including  malonic,  succinic,  pimelic  acid,  &c.  (i.,62),  was  first 

obtained  by  S a vary  in  1773,  and  Wiegler  in  1779,  in  the  form  of  a sublimate  and  an 
aqueous  distillate,  by  heating  s.alt  of  sorrel  Scheele  first  prepared  it  from  salt  of 
Borrel  by  means  of  basic  acetate  of  load,  and  showed  that  the  acid  thus  obtaine<l  was 
identical  with  the  acid  of  sugar prepared  from  sugar  and  nitric  acid,  and 
investigated  by  Bergman.  Its  composition  was  estaldishiHl  by  Dulong,  Dober- 
einer,  and  Berzelius.  (For  the  literature  relating  to  it,  see  Gmdin's  Handbook, 
ix.  111.) 

Occurrence . — Oxalic  acid  occurs  verj’  frequently  in  living  plants  ; as  a potassium-salt 
in  various  species  of  Hunux  and  Oxa!is;  as  a s(^ium-salt  in  most  species  of  SaU<  Ut 
and  Salicomia,  plants  growing  in  salt-marshes  ; as  a ciUcium-salt  in  a great  number  of 
plants,  in  the  i*oot,  bark,  haves,  &c.,  being  often  fnund  in  the  cells  in  the  form  of 
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mill  CTTstala,  the  so-called  ra^hidf^.  Many  lichens  are  very  rich  in  oxalate  of  cal- 
cium. Ferrous  oxalate  occurs  in  deposits  of  lignite.  The  free  acid  (hydric  oxalate)  is 
found  in  BUdus  igniaritta,  and,  according  to  some  statements,  in  the  juice  of  the  cbick- 
Oxalate  of  calcium  is  also  of  fr^uent  occurrence  in  the  animal  body,  being  found 
in  urine,  nrinary  deposits,  and  calculi ; in  the  allantoic  liquid  of  the  cow ; in  the  mucus 
of  the  gall-bladder  of  men,  oxen,  dogs,  rabbits,  and  pikes ; and  in  the  Malpighian  ves- 
»els  of  the  caterpillar  of  Sphinx  Conwlvuli. 

Forjwtion. — 1.  Oxalic  acid  is  a very  frequent  product  of  the  oxidation  of  other  or- 
ganic compounds,  being  in  fact  the  most  highly  oxidised  of  all  carbon-compounds 
except  carbonic  anhydride.  Some  compounds,  namely  alcohol  C*H*0,  glycol  C*U*0*, 
and  gljcollic  acid  C*H*0*,  are  converted  into  oxalic  acid  by  a comparatively  simple 
process  of  oxidation;  but  in  most  cases  the  reaction  is  more  complex,  rc'SuUing  in  a 
complete  breaking  up  of  the  molecule.  In  this  manner  oxalic  acid  is  produced  in 
prot  abundance  from  the  more  highly  carbonised  organic  substances,  such  oh  the  car- 
b^hTdrates,  sugar,  starch,  cellulose,  &c.;  a.  by  the  action  of  nitric  acid;  $.  by  fusion 
ritb  caustic  alkalis.  It  is  also  produced  in  considerable  quantity  by  the  action  of 
moist  chlorine  or  chlorine-water  on  uric  acid. — 2.  As  an  ammonium-salt,  together  with 
ether  products,  in  the  decomposition  of  cyanogen  by  water : 

+ 4H*0  - C»(NH*)*0*. 

3.  As  a potassium-salt  by  heating  potassic  formate  with  excess  of  potassic  hydrate,  the 
action  b^ng  attended  with  evolution  of  hydrogen : 

2CIIKO*  - C*K*0*  + H» 

4.  It  is  also  found  among  the  secondary  products  obtained  in  the  preparation  of  potas- 
siam  by  heating  potassic  carbonate  wi^  charcoal. 

pTfparatum. — 1 . From  Acid  Oxalate  of  Potassi nm  (salt  of  sorrel)  by  precipitating  the 
folotion  of  the  salt  with  acetate  of  lead,  and  decomposing  the  precipitated  oxalate  of 
lead  with  sulphuric  or  sulphydric  acid.  This  is  the  oldest  mode  of  preparation,  but  it 
has  given  place  to  the  following  more  productive  methods. 

2.  From  Sugar.-—!  pt.  of  loaf-sugar  is  hoat«?d  with  8 pts.  of  nitric  acid  of  specific 
gravity  1'38  ultimately  to  the  boiling  point,  and  the  solution  is  evaporated  down  to 
oae-fiixth;  it  then  on  cooling  deposits  white  crystals  of  oxalic  acid.  It  is  important  in 
thw  prrtcess  to  use  a suiBcient  quantity  of  nitric  add,  as  the  mother-liquor  then  crys- 
tallises in  the  form  of  oxalic  acid,  down  to  the  last  drop ; but  if  less  nitric  acid  has 
l>eeD  added,  saccharic  acid  and  other  intermediate  pr^uets  remain  in  the  mother- 
hqoor,  which  then  becomes  yellow  and  brown  on  evaporation.  The  crystals  of  oxalic 
acid  may  be  purified  from  adhering  mother-liquor  by  recrystallising  them  from  water 
coDUining  a little  nitric  acid,  then  draining  them  on  a funnel,  washing  with  a little 
cold  water,  and  drying  between  bibulous  paper  at  a medium  temperature.  Oxalic 
acid  prepared  with  nitric  acid  is  often  contaminated  with  tite  latter,  which  may  however 
be  removed  by  allowing  the  crystab  to  effloresce  in  warm  air,  then  recrystallising  from 
hot  water,  again  leaving  them  to  effloresce,  and  recrystallising.  (Berzelius.) 

Hoist  sugar,  treacle,  storch-su^r  or  starch  may  also  be  used  instead  of  loaf-sugar  fur 
the  preparation  of  oxalic  acid.  The  nitrous  fumes  evolved  in  the  process  may  bo  util- 
is^^i  for  the  manufacture  of  sulphuric  acid ; or  they  may  bo  reconverted  into  nitric  acid 
by  the  action  of  air  and  water.  (For  a description  of  the  manufacture  of  oxalic  acid  on 
the  Urge  scale,  and  of  several  patented  processes  for  utilising  ‘the  nitrous  fumes,  see 
Urt'a  Bictumary  of  Aria,  ^c.  iv.  367.  also  Richardson  and  Watts's  Chemical  Technologyf 
▼ol.  L pL  6.) 

3.  FromSiarch^  Cfllvloar  and  other  OrganicsuhstanccshyfusionwithalkalinthydraUs. 
—When  100  pts.  of  starch,  sawdust,  stniw,  hay,  bran,  tobacco-cuttings,  &c.,  is  mixed 
with  a solution  of  about  300  pts.  hydrate  of  potassium,  the  liquid  evaporated,  and  the 
t^widoe  heated  to  200® — 2.50®  for  four  or  five  nours,  a quantity  of  oxalic  acid  is  obtained 
^oantiog  to  between  100  and  160  pts.  of  the  crystallised  acid.  When  soda  is  used 
instead  of  potash,  the  product  is  much  less;  but  with  a mixture  of  1 pt.  hydrate  of 
sodium  to  2 pts.  hydrate  of  potassium,  it  is  somewhat  greater  than  with  potash  alono 
(Poisoz,  Compt.  rend,  xlvii.  207,  648).  A process  founded  on  this  reaction  has  been 
pdentwi  by  Messrs.  Roberta  Dale  and  Pritchard  of  Manchester,  who  prepare 
oxalic  acid  on  a considerable  scale  by  heating  sawdust  with  a mixture  of  pota^ic  and 
wdic  hydrates.  On  treating  the  product  with  a small  quantity  of  water,  sodic  oxalate 
alone  remains  undbsolvcd.  This  salt  is  converted  into  calcic  oxalate  by  treatment 
with  chloride  of  calcium  ; the  calcic  oxalate  is  decomposed  by  dilute  sulphuric  acid  ; 
and  the  oxalic  acid  is  left  to  crystallise  from  the  filtrate  by  cooling,  if^hemical  Techno- 
^.y,  loo,  cit) 

Prvjifrties. — Oxalic  acid  nrstallises  easily  in  large  transparent  colourless  crystals, 
containing  2 at  water : C^H’6*.2H*0.  They  belong  to  the  munoclioic  system,  usuiUIy 
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exhibiting  the  combination  qbP.  oP.  + Poo . — Poo . [Poo  ].  Ratio  of  axee,  a\  h\  o 

- 0*590  : 1 : 1 969.  Angle  6 : c - 73®  48' ; ooP  : ooP  » U6®  62';  »P  : + P® 

- 117®  2'  ; - P»  : oP  - 129®  20';  - P«  : + P®  « 127®  16';  + P«  : 
oP  » 103®  24';  ODp:  [P®]  = 140®  19'.  The  crystals  are  usually  priematically  elon« 
gated  in  the  direction  of  the  orthodiagonal.  (Brooke,  Ann.  Phil  'ttH  19. — De  la 
ProvoBtaye,  Ann.  Ch.  Phys.  [3]  ir.  453. — Rammelsberg,  Po^.  Ann.  xciii.  24.) 

Oxalic  acid  is  very  soluble  in  u>nCer  and  in  alcohol,  dissolying  m 15*5  pts.  vat^^r  at 
10®,  in  9*5  pts.  at  13-9®  and  in  a yery  small  quantity  at  100®  (Turner).  The  solution 
is  strongly  acid  and  very  poisonous,  reddens  litmus,  and  decomposes  carbonates  with 
efferyescence.  Oxalic  acid  contaminated  with  nitric  acid  dissmyes  in  2 pts.  of  cold 
water  (Berzelius).  (See  further  Storer’s  Dictionary  of  Solubilities,  p.  419.) 

Crystallised  oxalic  acid  melts  at  about  98®  in  its  water  of  crystallisation;  on  con- 
tinue heating,  port  of  it  sublimes  as  dry  oxalic  acid,  C^H^O*,  while  the  g^tcr  part 
suffers  decomposition.  It  also  gradually  gives  off  its  water  over  oil  of  ritriol  at  20®, 
being  completely  dehydrated  in  the  coarse  of  a few  weeks  (Erdmann,  J.  pr.  Chem. 
IxxxT.  213).  Accordingto  Bodeker  (Jahresb.  1860,  p.  17).  the  specidc  gravity  of  the 
crystallised  acid  is  1*63 ; of  the  sublimed  acid  2*0.  The  acid  dri^  at  100®  sublimes 
at  165®  in  slender  white  needles,  part  of  it  however  being  decomposed,  and  in  greater 
proportion  as  the  temperature  is  higher. 

Decompotitions. — 1.  Oxalic  acid  is  resolved  by  heat  into  carbonic  anhydride  and 
formic  acid,  part  of  the  latter  being  further  resolved  into  carbonic  oxide  and  water : 
C*H»0*  * CO»  + CIVO* 

C*H*0*  « CO*  -»■  CO  + H*0. 

The  same  decomposition  takes  place  when  the  acid  is  heated  with  platintm-sponye, 
pumice  or  sand.  When  oxalic  acid  is  heated  with  an  equal  weight  of  glycerin,  decom* 
position  takes  place  at  about  100®,  carbonic  anhydride  being  evolved,  and  the  r«>eidne, 
probably  a compound  of  formic  acid  with  glycerin,  yields  formic  acid  by  distillation 
with  water  (it  686). 

2.  Oxalic  acid  heated  with  dehydrating  substances,  such  as  concentrated  stUphuric 
ot  phosphoric  oruf,  is  resolved  into  water  and  equal  volumes  of  carbonic  oxide  and  car- 
bonic anhydride : 

C*H*0*  - H*0  + CO  + CO* 

3.  An  analogous  decomposition  is  produced  by  pentachloride  of  phosphorus,  the 
products  being  carbonic  oxide,  carbonic  anhydride,  hydrochloric  acid  and  oxychloride 
of  phosphorus : 

c*H*o*  -h  PCI*  - CO  + CO*  ^ 2Ha  + poa*. 

As  this  and  the  preceding  reaction,  when  applied  to  other  dibasic  acids,  yield  the  cor- 
responding anhydrides  (1.  62),  and  as  moreover  the  reaction  with  pentachloride  of 
phosphorus  takes  place  in  exactly  the  same  manner  when  the  two  bodies  are  brought 
together  in  strongly  cooled  ether  or  sulphide  of  carbon  (Eekul^),  it  appears  probable 
that  the  anhydride  of  oxalic  acid,  C*0*,  is  unable  to  exist  under  any  conditions  that  wo 
are  able  to  command. 

4.  Trichloride  of  phosphorus  acts  on  the  dry  acid  in  the  same  manner  as  tlie 
pentachloride ; with  crystallised  oxalic  acid,  however,  it  yields  crystallisable  phosphorous 
acid  (Hurtzig  and  Qeuther,  Ann«  Ch.  Pharm.  cxi.  170): 

C*H*0*.2H*0  PCI*  - CO  + CO*  + 3IICI  + PH*0*. 

6.  Oxalic  acid  is  not  readily  attacked  by  nitric  acid;  it  may  indeed  be  crystallised 
from  hot  nitric  acid ; by  continued  boiling  therewith  however  it  is  slowly  oxidised, 
yielding  water  and  carbonic  anhydride. 

6.  By  other  oxidising  agents,  oxalic  add  is  easily  resolved  into  carbonic  anhydride 
and  water.  Thus  it  is  oxidised  slowly  by  oxygen  of  the  air  in  presence  of  platinum 
black ; quickly  hyperoxide  of  lead  or  peroxide  of  manganese  in  presence  of  an  add ; e.  g. 

C*H*0*  + MnO*  + H*SO*  = 2CO*  -*•  2H*0  + MnSO*. 

On  this  reaction  is  founded  a convenient  method  of  valuation  of  commercial  oxide  of 
manganese  (iii.  814).  When  these  peroxides  act  on  aqueous  oxalic  acid,  the  pnxlucts 
are  carbonic  anhyd^e  and  a metallic  oxalate,  e.  g. 

2C*H*0*  + MnO  = 2CO*  + H*0  + C*MnO*. 

When  4 pts.  of  dried  oxalic  add  are  triturated  with  21  pts.  peroxide  of  lead,  the  mass 
becomes  incandescent.  Oxalic  acid  is  likewise  rapidly  oxidised  by  potassic  perman^ 
ganate,  chromic  acid  and  vanadic  acid. 

7.  Chlorine  does  not  act  on  dry  oxalic  acid ; but  in  presence  of  water,  decomposition 
quickly  takes  place,  thus : 

C*H*0*  + Cl*  « 2CO*  + 2HC1. 

A similar  reaction  is  produced  by  bromine,  hypochloroxu  add,  the  chlorides  of  easily 
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TtducibU  Hence  oxalic  acid  precipitatee  metallic  gold  from  auric  elUoride,  espe- 

ciallj  on  boiling;  also  metallic  platinum  from  platinic  chloride^  but  only  under  the 
influence  of  direct  sunihine.  With  mercuric  chloride^  oxalate  of  ammonium  quickly  forms 
mercurous  chloride. 

8.  PoUuetum  and  codium  heated  with  dry  oxalic  add,  decompose  it  with  incandescence, 
charcoal  being  separated  and  hydrogen  erolrecL 

9.  When  oxalic  acid  is  heated  with  excess  of  •poiaceic  or  harytic  hydrate,  hydrogen 
is  erolred  and  a carbonate  is  formed : e.  y, 

C*H*0^  + 2KHO  » 2KHCO»  + H* 

10.  Haseent  hydrogen,  evolyed  by  the  action  of  sodium^amalgam  on  water,  or  of 

line  on  dilute  sulphuric  add,  converts  oxalic  into  glyoxylic  acid:  + H* 

- C=H*O*.H*0.  (Church,  u.  922.) 

Oxjklmtes.  Oxalic  acid  is  dibasic,  yielding  with  monatomic  metals,  neutral  salts 
containing  and  add  salts  C*HMO\  With  potassium  and  ammonium  it  like- 

wise forms  hyper-acid  salts,  e.  g.  C*HK0*.C®H*0*,  or  OH*KO*.  With  moet  diatomic 
metals  it  forms  only  one  salt ; with  barium  and  s^ntium,  however,  it  forms  acid  salts 
analogous  to  the  hyperacid  oxalates  of  the  alkali-metals.  It  also  forms  numerous  well- 
crystallised  double  salts.  It  is  one  of  the  strongest  acids,  decomposing  dry  chloride 
of  sodium  when  heated,  with  evolution  of  hydrochloric  acid,  and  converting  chloride 
or  nitrate  of  sodium  in  aqueous  solution  into  acid  oxalate. 

The  oxalates  of  the  alkali-metals  are  soluble  In  water,  the  rest  are  for  the  moet  part 
insoluble  in  water,  but  soluble  in  dilute  acids. 

Ail  oxalates  are  decomposed  by  heat.  The  oxalates  of  the  alkali-metals,  and  also  of 
the  alkaline  earth-metals,  if  not  too  strongly  heated,  give  off  carbonic  oxide,  and 
leave  carbonates,  while  the  oxalates  of  those  metals  wh<Me  carbonates  are  decomposed 
by  heat  (zinc  and  magnesium  for  example)  give  off  carbonic  oxide  and  carTOuic 
anhydride  and  leave  metallic  oxides.  The  oxalates  of  the  more  easily  reducible 
metals  (silver,  copper,  &c.)  give  off  carbonic  anhydride  and  leave  the  metal ; the  lead- 
salt  leaves  suboxidc  of  lead,  and  gives  off  3 vol.  carbonic  anhydride  to  1 vol.  carbonic 
oxide : 

2C*Pb"0«  - PVO  + SCO*  + CO. 

Oxalates  heated  with  sutphuric  add  give  off  carbonic  oxide  and  carbonic  anhydride, 
and  leave  a residue  of  sulphate.  In  this  case,  as  well  as  in  the  decomposition  by  beat 
alone,  no  separation  of  carbon  takes  place,  and  conseqnontly  the  residue  does  not 
blacken ; this  character  distinguishes  the  oxalates  from  the  salts  of  all  other  carbon- 
acids. 

Oxalic  acid  and  the  soluble  oxalates  gire  with  chloride  of  caldum  a precipitate  of 
calcic  oxalate,  insoluble  in  water  and  in  acetic  acid,  but  soluble  in  hydrochloric  and 
nitric  acid.  This  reaction  affords  a very  delicate  test  for  the  presence  of  oxalic  acid : 
the  insolubility  of  the  precipitated  oxalate  in  acetic  acid  distinguishes  it  at  once  from 
the  phosphate. 

Precipitation  with  soluble  calcium-salts  serves  also  for  the  quantitative  estimation  of 
oxsiic  acid,  the  precipitate  being  converted  at  a low  red  heat  into  carbonate  C*Ca"0*, 
100  pts.  of  which  are  equivalent  to  128  calcic  oxalate  C*Ca"0*,  90  pts.  dry  oxalic 
acid  C*H*0*,  or  126  pts.  of  the  crystallised  acid  C*H*0*.2H*0.  The  carbon  and 
hydrogen  in  oxalates  may  also  be  estimated  by  combustion  with  oxide  of  copper. 

The  composition  and  properties  of  the  oxalates  have  been  made  the  subject  of 
namerous  researches,  especiallv  by  Berzelius,  and  more  recently  by  Kammelsberg 
(Pc^.  Ann.  xciii.  24)  and  Souchay  and  Lenssen  (Ann.  CU.  Pharm.  xeix.  31; 
c.  308 ; ciL  Sfl  and  41;  ciii.  308 ; cv.245;  Jahresb.  1856,  446;  1857,  p.  289;  1858, 
p.243). 

OxALATB  OF  Aluxxkiuv. — A Bolution  of  alumina  in  oxalic  acid  leaves  on  eva- 
porstion  an  amorphous  transparent  mass,  which  has  a sweetish  astringent  taste,  reddens 
litmus,  deliquesces  in  the  air,  and  swells  up  when  heated. 

Sodio-aluminus  Oxedate,  Al*0*.2Na*0.4C*0*.10H*0  or  ® ^ I OM0H*O,  is  pro- 

Al».Na*  ) 

'duced  when  an  excess  of  basic  sulphate  of  aluminium  (obtained  by  precipitating  aJnm 
with  excess  of  sodic  carbonate)  is  boiled  for  a long  time  with  a solution  containing 
1 at  sodic  carbonate  to  3 at.  oxalic  acid.  The  liquid  if  left  to  itself,  for  some  months  de- 
posits the  double  salt  in  rhombic  c^stals,  permanent  in  the  air,  and  sparingly  soluble 
m water  with  separation  of  alumina  or  basic  salt.  (Lenssen  and  Lowentbal, 
J.  pr  Chem.  ItttVi  314.) 

OxxLATBS  OF  Axixoicirv. — CL  iVcK^rfl/ C*(NTI*)*0‘.H*0. — This  salt  has  been 
{bund  in  guano.  It  is  obtained  by  saturating  oxalic  acid  with  ammonia  or  ita  carbo- 
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nate.  and  crystallisps  in  colourlass  rhombic  prisms  generally  exhibiting  the  combination 
ooP  oP  . oofoo  2l’=o  . ^P.  Ratio  of  axes,  a : 6 : o = 07837  : 1 : 0 3711.  Angle 
ooP:  ooP  = 76®  10';  ooP  ; ool'oo  _ 128°  6';  oP  : *P  = 148°  6S';  2P*  : oP  - 
143°  26' ; 2^  QO  :iP-  161°30'.  The  cr}’8tals  are  partly  bemihedral*  only  two  of  tho 
four  fjices  being  present  at  each  end.  One  of  the  faces  JPoo  and  the  adjacent 
face  2Poo  arc  usually  of  larger  dimensions  than  the  posterior  faces  at  the  same  end ; 
moreover  the  crystals  are  often  flattened,  two  of  the  prismatic  faces  ooP  then  disap* 
pearing  (De  la  Provostaye,  Ann.  Ch.  Phys,  [3]  iv.  454. — Brooke,  Ann.  Phil, 
xxii.  374).  The  crystals  effloresce  in  warm  air,  giving  off  1 at.  water.  They  dissolve 
in  3 pts.  of  cold  water,  but  according  to  Heintz  (X  pr.  Chem.  Ixxrvii.  309)  are 
much  less  soluble  in  water  containing  ammoniacal  salts,  so  that  tho  salt  is  precipitated 
from  a moderately  strong  solution  on  addition  of  chloride  or  acetate  of  ammonium. 
The  salt  is  decomposed  by  dry  distillation,  yielding  oxamido  aud  other  products. 

fi.  Add  Oxalate,  Di-oxcuate^  orJJi-oj?a/afc,C*H(NH^)0*.H’0. — Produced  by  mixing  the 
solution  of  the  neutnil-salt  with  oxalic  acid,  or  with  any  other  acid,  such  as  sulphuric, 
hydrochloric,  or  nitric.  crystallises  in  rhombic  prisms,  usually  exhibiting  the  com- 
bination oDp  : Poo  . P*2  . Poo , with  the  terminal  faces  oP,  cePoo  and  go1’«  . Ratio 
of  axes,  <z : 5 ! c » 0’4633  : 1 : 0*6593.  Angle  ooP  : ooPoo  = 114®  23’ ; Poo  : oP  ■« 
150®  47';  cePco  : ceP  = 165®  37’>  oP  : oePoo  « 90®;  oP  ; ooPco  90®;  Poo  : 
ooP®  - 119®  13':  oP:  P®  = 129®  1';  P2  ; P®  = 161®  42';  P2  : oP  = HO®  13'. 
This  salt  has  an  acid  reaction,  and  is  less  soluble  in  water  than  neutral  oxalate.  It 
is  resolved  by  heat  into  oxamido  and  oxamic  acid. 

Hyperacid  Oxalate,  Tetroxalate  or  Qmdroxalate,  C*H(NH*)0*.C*H=0*.2H*0  or 
C*H*(NH*)0*.H*0. — Obtained  by  crystallising  a mixture  of  equal  parts  of  the  preceding 
suit  and  oxalic  acid.  It  crystallises  in  triclinic  prisms  isomorphons  with  the  hyper- 
acid potassium-salt,  and  having  a specific  gravity  of  1*607  (Schiff).  Tho  crystals 
effloresce  at  100®,  giving  off  16*4  per  cent  = 2 at  water.  'They  are  very  soluble  in 
warm  watej.  • 


OXALATB  OF  Aotimont,  Sb*0>.C'0*.2H«0  or  2[C*Sb'"H*0'»g|)*0*].3H»0  - 


•3H*0. — This  salt  is  prepared  by  boiling  anttmonious  chloride  or  the 


oxychloride  (algaroth-powder)  with  oxalic  acid  (P^ligot),  or  by  mixing  a saturated 
aqueous  solution  of  oxalic  acid  with  a solution  of  trichloride  of  antimony  in  hydrodiloric 
acid  (Souchayand  Lenssen);  it  then  separates  in  the  course  oif  24  hours  as  a 
granular  prc*cipitiite.  It  gives  off  1 at.  water  at  100®  and  begins  to  decompose  at  220®. 
(Souchay  and  Lenssen.) 

Ammonio’antintonic  Oxalate.  C*Sb'"(Nn*)‘0**.2H*0. — Obtained  by  mixing  a 

solution  of  antimonious  oxide  in  acid  oxalate  of  ammonium,  first  with  a small  quantity 
of  absolute  alcohol  (which  throws  down  acid  oxalate  of  ammonium),  then,  after  filter- 
ing, with  about  three  times  its  volume  of  absolute  alcohol  (Souchuy  and  Lenssen). 
It  forms  rhombic  prisms  exhibiting  the  combination  oP . P . 2P . ®P® . Axes  a b : e 
= 0*3716  : 1 : 0-6306.  (Rammelsberg.) 

PotasMio-antimonic  Oxalate.  C*Sb'Ti*0'*.6H'0. — Obtained  by  dissolving  antimo- 
nious  oxide  in  a hot  concentrated  solution  of  acid  oxalate  of  potassium.  The  filtrate, 
as  it  cools,  deposits  nodular  crystals  of  tho  salt,  which  dissolve  without  decomposi- 
tion in  water,  but  ore  decomposed  by  mineral  acids,  with  separation  of  oxalic  acid 
or  of  basic  oxalate  of  antimony.  Gives  off  3 at.  water  at  100®  (Souchay  and 
Lenssen).  According  to  Rammelsberg,  the  salt  prepared  a.s  above  forms  monoclinic 
crystals  containing  2C*Sb''K*0'*.3H*0.  Ordinary  combination  ®P  . ®P«  . oP  . 
[ oeP®  ].  Ratio  of  axes,  fl  : 6 ; c : «»  1*2364  : 1:0*6472.  Angle  of  inclined  axes  » 
69®  36;  ®P  : ®P  in  the  clinodiagonal principal  section  — 105°  40';  [P®‘j:[P«], 
in  the  same  — 134®66';  oP  : »P  = 106®  8'  (Rammelsberg),  On  dissolving 
this  salt  in  water,  part  of  it  decomposes,  with  separation  of  oxide  of  antimony,  while 
the  r<‘«t  diasolves  without  alteration,  and  separates  after  awhile  in  large  ciy*8tals 
containing  2C*Sb"’K*0'^9H*0.  These  crystals  are  rhombic,  generally  exhibiting  the 
combination  wP.P®.?*.  ®1^®.  Ratio  of  axes,  a : 6 : c «»  0*6903  : 1 ; 1*14163. 
Angle  «P  : ®P  — 67®  40';  f*®  : f*®  (basal)  = 97®  48';  P®  : P®  (basal)  ■» 
119®  23'.  The  mother-liquor  of  this  salt  deposits,  besides  acid  and  hyperacid  oxalate 
of  potassium,  a few  crystals  of  a double  salt  belonging  to  the  tricliiiic  system.  (R  a m • 
mol  s berg.) 

Sodio-antimonic  Oxalate.  C‘Sb"’Ka*0‘*C’Ka’OM 011*0. — Prepared  like  the  potas- 
sium-salt, Forms  distinct  highly  lustrous  crystals,  which  give  off  half  their  water 
when  heated  for  some  time  to  100®.  Dissolves  without  decomposition  in  water  either 
hot  or  cold,  but  is  decH)mposed  by  mineral  acids.  Sparingly  soluble  in  alcohol,  insoluble 
in  ether.  (Souchay  and  Lenssen.) 
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OSALATSS  OF  AssEXia  Potassio-araenious  oxalate,  C^Afi'’K*0**.3H^0 ?— 
Deposited  in  small  hard  glassy  crystals  from  a hot  solution  of  arsenious  oxide  in  aqueous 
add  oxalate  of  potassium.  (Souebay  and  Lenssen.) 

OxALATBs  OF  Babium.  The  neutral  salt,  C*Ba''0V2lI*0,  is  precipitated  as  a 
▼hite  powder  on  mixing  oxalic  acid  with  excess  of  baryta-water,  or  by  precipitating 
the  Deutral  potassium-salt  with  chloride  of  btirium.  It  dissolves  in  2,590  pts.  of  cold, 
and  2,500  pts.  of  hot  water,  more  readily  in  solution  of  eal-ammoniuc,  still  more  in  water 
containing  acetic  acid,  and  moat  readily  in  aqueous  oxalic  acid.  At  100^  it  gives  off 
1 at.  water,  and  is  reduced  to  C*Ba"0".H*0,  which  is  also  the  composition  of  the  salt 
obtained  by  precipitating  a solution  of  chloride  of  barium  with  oxalate  of  ammonia,  at 
the  boiling  heat 

An  acid  oxalate,  C*H*Ba"0\4H*0,  is  deposited  in  pointed  crystals  on  mixing 
nearly  equal  quantities  of  the  saturated  solutions  of  oxalic  acid  and  chloride  of 
harium.  The  crystals  dissolve  in  336  pta.  of  water  at  forming  an  acid  solu- 

tion; they  are  decomposed  by  hot  water,  converted  into  the  normal  oxalate  by  sulino 
solutions,  and  are  not  altered  by  alcohol  or  ether  (Clapton,  Chem.  Soc.  Qu.  J.  v. 
223).  According  to  Souchay  and  lenssen,  they  contain  only  half  the  water  requirr*d 
by  the  formula  above  given,  half  of  this  water  going  off  at  100°,  the  rest  at  145°,  and 
oxalic  add  beginning  to  volatilise  at  the  same  time.  The  crystals  require  392  pts.  of 
water  at  17^  to  dissolve  them,  and  are  decomposed  by  hot  water,  with  formation  of  tbi« 
neutral  salt ; alcohol  likewise  throws  down  the  neutral  salt  from  the  aqueous  solution 
of  the  add  - « 

OxALATBS  OF  BisicuTH.  C*ffi*0'*.15H*0. — The  neutraUealt  separates  as  a 
white  crystalline  precipitate  on  mixing  nitrate  of  bismuth  with  excess  of  oxalic  acid. 
Retains  2 at.  water  at  100°,  but  decomposes  at  higher  temperatures  into  suboxide  of 
bismuth  (Bi*0*)  and  add  oxalate  of  bismuth.  It  is  insoluble  in  water,  soluble  in  acids, 
and  decomposes  by  prolonged  contact  with  water  into  oxalic  acid  which  dissolves  and 
a baric  oxalate  of  bismuth.  (iSouchay  and  Lenssen.) 

Basic  oxalate.  The  nentr^  oxalate  boiled  with  water  yields  a salt  haring  the  com- 
position 2(Bi*O*.C^0*).3H*0  (Heintz).  Souchay  and  Lenssen, by  boilingthe  recently 
precipitate  normal  oxalate  with  water  till  the  liquid  no  longer  became  acid,  obtained 
a salt  which  gave  by  analysis  72'39  per  cent  oxide,  agreeing  with  the  formula  Bi’O*. 

C"O*.2H*0  or  Bi^O*).3H*0  (requiring  72  05  per  cent  BiO*)  better  than 

with  Heintz's  formula,  which  requires  73*5  per  cent.  According  to  the  latter  formula 
the  salt  is  analo^us  to  the  oxalate  of  antimony  above  described. 

Oxalate  of  BUmuth  and  Ammonium.  C*Bi"'(NII*)*0'*  6C^NII*)*0M2H*0. — 
Crystallii>es  fh>m  a hot  satnrate<l  solution  of  oxalate  of  bismuth  in  oxalate  of  ammonia, 
in  small  prismatic  crystals  which  give  off  the  whole  of  their  water  (13*98  per  cent.)  at 
100°.  Dissolves  readily  in  hot  water,  forming  a clear  solution  which  becomes  turbid 
after  a few  seconds,  and  deposits  oxalate  of  bismuth  as  a crystalline  powder.  It  is  iu- 
soloble  in  alcohol  and  ether.  (Souchay  and  Lenssen.) 

Oxalate  of  Bismuth  and  Potassium.  C*Bi"'K*0'^.2C‘K*0*.12H*0. — Prepared  like 
the  preceding,  and  separates  in  small  prismatic  crj'stals  which  arc  insoluble  in  alcohol 
and  ether,  and  are  df^ompose<l  by  water.  The  mother-liquor  deposits  a salt  contain- 
ing ra"K*0'*4C*KK)M2H»0.  (Souchay  and  Lenssen.) 

OxALATB  OF  CADXiDf.  C^Cd'O^SHK). — The  anliy<lrous  Salt  is  obtained  a.s  a white 
amorphous  powder  by  digesting  carbonate  of  cadmium  with  oxalic  acid.  Oxalic  acid 
or  oxalate  of  ammonia  added  to  chloride  of  cadmium  throws  down  the  tri-bydmt<*d 
frit  as  a white  po'cipitato  consisting  of  microscopic  tabular  ciystals,  soluble  in 
13,000  pts.  of  cold  and  11,000  pts.  of  boiling  water,  a little  more  soluble  in  water  and 
oxalic  acid,  easily  soluble  in  mineral  acids,  ammonia  and  ammoniacal  salts.  Givea 
eiff  all  its  water  at  100°,  and  is  decomposed  at  340°,  leaving  a mixture  of  cadmium- 
oxide  and  metallic  cadmium.  (Souchay  and  Lenssen.) 

Oxidate  of  Cadm-ammonium.  C^N^H*Cd)"0*.2H’0. — When  oxalate  of  cadmium 
is  added  to  ammonia  till  no  more  is  dissolved  on  heating  the  liquid,  the  filtrate  left 
for  some  time  in  the  cold  deposits  needle-shaped  crystals,  which  r^i^y  give  off  part 
of  their  ammonia  when  exposed  to  the  air,  and  at  100°*givo  off  wat»r  os  well  as 
unmonia,  acquiring  at  the  same  time  aslight  brownish  tint,  firom  separation  of  cadmium 
“~oxide.  (Souchay  and  Lenssen.) 

Ammonio-cadmic  Oxalates. — o.  C*Cd"(NH*)*0*.6C*(NH*)’0V9H*0. — Separates  in 
microscopic  crystals  when  a solution  of  oxalate  of  cadmium  in  oxalate  of  ammonium 
wtoraied  at  the  boiling  heat,  is  diluted  after  filtration  with  an  equal  volume  of  water. 
Givfs  off  all  its  water  at  100°.  (Souchay  and  Lenssen.) 

3.  C*Cd*{NH*)*0*.7C^NH^)*0MlH®0. — Sepanites  in  hard  crystalline  crusts  from 
the  prrcediug  saturatedsolution,  if  left  to  cool  without  addition  of  wutoi.  (Souchay 
and  Lenssen.) 
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y.  Rammelsberg  bjdismlTing  oxide  of  cadmiam  in  oxalate  of  ammoniom.  obtained  a 
Balt  to  which  he  assigned  the  formula  C^Cd‘'(NH*)*0*  3C*(NH*)*0^8H•0.  This  salt  is 
supposed  by  Souchay  and  Leusseu  to  contain  only  7H*0.  The  three  doubIe>8alts  then 
form  a regular  series,  their  formuhe,  if  A stand  for  C^Cd"(NH*)K)",  and  B for 
CXNH*)*0*. being A.BM1HH),A.B*.9HK). and A,B*.7HK).  (Souchay and Lenssen.) 

Potassio-cadmic  Oxalate^  C*Cd"KK)*.2HO,  is  produced  by  saturating  a boiling 
solution  of  oxalate  of  potassium  with  oxalate  of  cadmium,  and  separates  from  the 
flltrate  in  microscopic  square^based  octahedrons,  which  gire  off  their  water  at  100*^  and 
are  decomposed  by  water. 

Sodio-cadmic  Oxalate,  CK!^d''Xa*0*.2HK). — Similar  to  the  potassium-salt.  (Souchay 
and  Lenssen.) 

OxALATB  OF  Calcium,  C*Ca"0*. — This  salt  is  very  widely  diffused  in  the 
Tfgetable  kingdom,  being  found  in  the  juice  of  most  plants,  whence  it  is  deposited  on 
the  vascular  tissue,  towards  the  end  of  the  growing  season,  in  microscopic  crystals 
having  the  form  of  a square-based  octahedron  (P  : P in  the  terminal  eoges  of  the 
primary  octahedron  46*^  28' ; in  a more  obtuse  octahedron  modifying  the  first  — 119^ 
34').  According  to  Braconnot  (Ann.  Cb.  Fhys.  [2]  xxviii.  318),  it  often  constitutes 
about  half  the  weight  of  lichens  growing  on  calcareous  stones.  The  marble  of  the 
Parthenon  at  Athens  is  encrusted  in  some  parts  with  a greyish,  warty,  and  somewhat 
opaline  coating  of  calcic  oxalate  about  a line  thick,  called  Tkier$chite  by  Liebig, 
which  is  supposed  to  have  been  deposited  by  lichens  growing  on  the  stone.  Calcic 
oxalate  has  also  been  found  by  Schmidt  (Ann.  Ch.  Phann.  Ixi.  304)  in  beer-yeast 
It  is  also  of  frequent  occurrence  in  the  animal  body  (p.  250). 

Calcic  oxalate  is  precipitated  as  a white  powder  wnenever  a soluble  calcium-salt  is 
mixed  with  oxalic  acid  or  an  alkaline  oxalate,  provided  there  be  no  strong  mineral 
acid  present  in  large  excess.  It  is  insoluble  in  water,  acetic  acid,  and  solution  of  sal- 
ammoniac,  nearly  insoluble  in  free  oxalic  acid,  and  sparingly  soluble  in  lactic  acid, 
but  it  dissolves  with  tolerable  facility  in  hydrochloric  or  nitric  acid,  whence  it  is  pre- 
cipitated by  caustic  alkalis  or  alkaline  carbonates.  Chloride  of  magnesium  also  renders 
it  slightly  soluble  in  water.  (Turner,  Pogg.  Ann.  xix.  148.) 

Oxalate  of  calcium  is  insoluble  in  hot  concentrated  solutions  of  the  chlorides  of 
potassium,  sodium,  ammonium,  barium,  strontium  and  calcium,  but  soluble  to  a con- 
siderable extent  in  hot  solutions  of  salts  of  the  metals  belonging  to  the  magnesian 
group,  and  is  precipitated  from  these  solutions  by  an  excess  of  Saline  oxalate  (So  u- 
cliay  and  Lenssen).  When  immersed  in  a solution  of  cupric  salt  (c.  the solphate, 
chloride,  or  nitrate)  it  is  gradually  converted  into  cnpric  oxalate,  a soluble  calcium-salt 
being  formed  at  the  same  time.  In  presence  of  a large  quantity  of  chloride  of  sodium, 
calcium,  or  ammonium,  oxalate  of  calcium  dissolves  completely  in  solution  of  cupric 
chloride;  but  if  the  solution  be  agitated  or  left  to  stand  for  some  time,  cnpric  oxalate 
separates  out.  When  oxalate  of  calcium  is  boiled  with  a soluble  salt  of  silver,  lead, 
cadmium,  zinc,  nickel,  cobalt,  strontinm,  or  barium,  a soluble  calcium-salt  is  formed, 
and  an  oxalate  of  the  other  base  is  precipitated.  (A.  Reynoso,  Compt.  rend.xxix.  627.) 

Oxalate  of  calcium  dissolves  in  considerable  quantity  in  pure  phoapkoric  acidy 
especially  with  the  aid  of  heat.  Such  a solution  when  largely  diluted  with  water,  re- 
mains clear  if  it  contains  a large  quantity  of  phosphoric  acid ; and  if  canstic-soda  be 
then  cautiously  added  till  the  precipitate  formed  at  first  is  redissolved,  and  the  liquid 
then  left  to  stand  quietly,  a large  proportion  of  the  calcic  oxalate  crystallises  within 
twenty-four  hours  m quadratic  pyramids  ; and  the  mother-liquor  if  again  treated  with 
soda,  yields  another  crop  of  crystals.  (Neubauor,  Ann.  Ch.  Pbarm.  xeax.  223.) 

Cbuklato  of  calcium  dried  at  38®  contains  2 at,  water  (C’Ca”0\2H‘*0),  half  of  which 
is  given  off  at  100®,  the  rest  at  a higher  temperature  (Thomson.  Graham).  The 
salt  dried  at  150®  is  highly  electric,  but  losea  this  property  as  it  absorbs  moisture  from 
the  air.  (Berzelius.) 

According  to  £.  Scbmid(Ann.Ch.Phann.xcvii.  225X  the  precipitate  of  calcic  oxalate 
obtained  by  mixing  neutral  solutions  of  chloride  of  calcium  and  potassic  oxalate,  and 
left  to  dry  for  a considerable  time  at  ordinary  temperatures  in  the  air,  or  for  a shorter 
time  in  vacuo  over  sulphuric  acid,  consists  of  C*Ca'’0*.2H*0  (water  by  analysis,  12*3 
per  cent. ; by  calculation,  12'  1 ).  The  precipitate  thus  obtained  did  not  exhibit  distinctly 
angular  terminations,  even  with  a magnifying  power  of  300® ; but  that  which  was  pro- 
duced by  slowly  adding  a solution  of  potassic  oxalate  to  solution  of  chloride  of  calcmm, 
exhibit^  under  the  microscope,  dendrites  and  laminoc  made  up  of  oblique  prismatic 
tables,  and  appeared  to  consist  of  a mixture  of  the  hydrates  C*Ca''0^2H*0  and 
C*Ca"OVH*0. 

According  to  Souchay  and  Lenssen,  oxalate  of  calcium,  dried  in  the  air  at  ordi- 
nary temperatures,  contains  sometimes  1 at.,  sometimes  3 at.  water;  and  when  dried 
at  100®,  always  1 at.,  half  of  which  is  given  off  at  180®,  and  the  remainder  at  a tem- 
perature considerably  above  200® ; on  exposing  the  anhydrous  salt  to  the  air,  the  I at 
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vat«r  ts  quicUj  reabsorbed.  A salt  with  2 at.  water  does  not  appear  to  exist. — Ox> 
able  of  calcium  precipitated  at  the  boiling  heat  from  a mixture  of  solutions  of  chloride 
of  calcium  and  oxalate  of  ammoaium,  contains  C*Ca"OMPO ; so  likewise  when  pre* 
cipiuted  in  the  cold  from  concentrated  solutions,  whether  neutral  or  alkaline  ; but  the 
uJt  precipated  in  the  cold  from  dilute  solutions,  is  always  a mixture  of  CK)a"0^.H’0 
tad  CH^a*'0*.3HK). — On  adding  a small  quantity  of  chloride  of  calcium  to  a saturated 
solution  of  oxalic  acid,  aprecipitateis  fonn^  consisting  of  microscopic  crystalline  laminse 
tod  containing  CK^a"0*JP0 ; and  on  adding  a small  quantity  of  oxalic  acid  to  a large 
excess  of  chloride  of  calcium,  a gummy  precioitate  is  obtained  of  the  same  composition, 
and  appearing  under  the  microscope  as  an  indistinct  crystalline  mass ; but  by  adding  a 
imall  quantity  of  chloride  of  calcium  to  a very  dilute  solution  of  oxalic  acid,  there  is 
formed  after  awhile,  a precipitate  consisting  of  square  prismatic  crystals  of  the  tri* 
hjdnted  salt,  together  with  oblique  prismatic  (monocUnic^  crystals  of  the  monohy- 
drate, the  former  being  in  larger  proportion  as  the  oxalic  acid  solution  is  more  dilute. 

The  square  prismatic  crystahi  of  calcic  oxalate  occurring  in  plants  ( Mamillaria  quad- 
runna^  Cereus  unUis,  Melocactiu  macroacanthu$,  &c.),  are,  occoi^ng  to  Schmid, 
C*Ca*0*.3H*0  ; they  give  off  two-thirds  of  their  water,  slowly  when  exposed  to  the 
sir,  more  quickly  in  rarefied  air. 

A {(olution  of  calcic  oxalate  in  hot  hydrochloric  acid^  deposits  crystals  of  the  salt 
C*Ca*0*.H*0  (E.  Schmid).  According  to  Souchay  and  Lenssen.  this  salt  is 
deposited  on  cooling,  when  oxalate  of  calcium  is  added  at  100^,  to  hydrochloric  acid  of 
specific  gravity  less  than  I'lO,  in  quantity  sufficient  to  saturate  it;  but  if  the  solution 
is  not  saturated,  it  deposits  after  some  time,  square  prismatic  crystals  consisting  of 
DCa'O’.SH'O. — By  aading  oxalate  of  calcium  to  warm  hydrochloric  acid,  of  specific 
gnrity  I'lO  or  higher,  double  salts  are  obtained  in  scaly  crystals,  consisting  of  oxalate 
and  chloride  of  calcium.  With  acid  of  120  specific  gravity,  Souchay  and  Lenssen 
obtained  the  salt  4C’Ca''OVCa"Cl*.24H^O.  Fritzsche  (Fogg.  Ann.  xxviii.  121),  W 
a similar  process  obtained  an  oxalato-chloride  containing  C*Ca''0^Ca''C1^7H’0, 
which  was  not  obtained  either  by  Schmid,  or  by  Souchay  and  Lenssen. 

With  nifrtc  acid,  oxalate  of  ctUcium  behaves  in  the  some  manner  as  with  hydrochloric 
arid,  excepting  that  it  is  insoluble  in  strong  nitric  acid,  and  therefore  does  not  yield 
ooj  oxalato-nitrate  (Souchay  and  Lenssen).  According  to  Schmid,  a solution 
of  calcic  oxalate  in  hot  nitric  acid,  deposits  monoclinic  lamimc  of  the  monohydrated 
salt,  the  last  mother-liquors,  however,  yielding  free  oxalic  acid. 

Oxalates  op  Cbriuu.  o.  Crrouc  Oxalate. — Oxalic  acid  and  alkaline  oxalates 
added  to  cOTous  salts  throw  down  hydrated  cerous  oxalate  in  t he  form  of  a white  powder, 
which,  when  heated  in  a close  vessel,  gives  off  water,  carbonic  oxide,  and  carbonic  an- 
hydride, and  Ifftres  a mixture  of  ceroso-ceric  oxide,  with  a small  quantity  of  carbide  of 
eeriam  (Berzelius).  The  salt,  when  prepared  with  cerous  oxide  free  from  lanth- 
inam,  contains  3 at.  water,  which  it  does  not  part  with  completely  even  at  269®.  When 
mon  strongly  heated,  it  leaves  a black  powder  which  takes  fire  in  the  air,  and  burns 
till  it  is  converted  into  ceric  oxide  (Beringer,  Ann.  Ch.  Pharm.xliul43).  The  salt  is 
iosolnble  in  water  and  in  aqueous  oxalic  acid  (Berzelius).  It  dissolves  without 
decomposition  in  hot  nitric  odd,  and  crystallises  out  ^ain  on  cooling.  By  leaving  a 
Bolatioo  of  the  salt  in  warm  moderately  strong  nitric  acid  to  evaporate  slowly  over  caustic 
potash,  it  is  obtained  in  well-defined  rhombohedrous.  No  acid  salt  is  formed.  If  the 
•rid  is  too  strong,  or  heated  to  boiling,  partial  decomposition  takes  place.  (H  o 1 z m a n n, 
J.  OT.  Chem.  Izuv.  81.) 

rotasiio-cerous  Oxalate,  C^K*Ce"0^  is  a white  powder  insoluble  in  water,  and  leav- 
ioqwhen  ignited  a mixture  of  ceroso-ceric  oxide  and  potassic  carbonate  (Berzelius). 
The  iasolubility  of  this  salt  affords  a rt'ady  means  of  separating  cerium  from  many  other 
loetAls  (L  832). 

A (krie  Oxalate  is  insoluble  in  water,  but  soluble  in  aqueous  sal-ammoniac.  The 
•olotioa  when  evaporated  first  deposits  a yellow  powder,  and  then  yields  lemon-yellow 
oy*tals.  (Berzelius.)  ^ 

OxALATUS  OP  Chbomivu.  Ncutral  oxalate  of  ammomum  forms  With  b solution 
®f  chromic  oxide  in  hydrochloric  acid,  a pale  green  pulverulent  precipitate. — The  solution 
of  chromic  hydrate  in  oxalic  acid  prepared  in  the  cold,  has  a cherry-red  colour:  the 
wlution  prepared  at  the  boiling  heat  is  green,  but  becomes  cherry-coloured  on  cooling. 
It  dries  up  by  spontaneous  evaporation  to  a violet-black  vitreous  mass,  but  the  green 
iolution  evaporated  over  the  water-bath  yields  a green  mass.  The  solutions  are  not 
pKcipitaUd  either  by  ammonia  or  by  calcium-salts,  but  give  a precipitate  with  Ume- 
^tcr,  and  when  hot  with  potash. 
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With  alkaline  and  earth;  oxalates  these  solutions  jrield  two  aeries  of  doable  oxaUtet. 
viz.  :* 

Blue  salts  (X:rM*0>*  - 

and  C'«er»]^«  - >0'* 

Red  salts  C‘Cr"MO*  = ^^r^*M|®‘ 

(C*0>)‘ 

and  C*CHM"0'*  - 

The  fommla  of  the  rod  salts  (oontAining  alkali-metals)  may  also  bo  written  C*Cr*'MK>'\ 

C*0r*0'*.  The  two  series  of  salts  are  analoTOus  in  composition  to  the  acid  and  hrp^ 
acid  oxalates  of  potassium,  C^UKO*  (tripled)  and  C^IPKO*,  the  3 at,  hydrogen  brinf 
replaced  by  1 at.  triatomic  chronmium. 

Ammonium-talU. — The  blue  salt,  CK]?r'‘'^NH*)*0'*.3H’0,  is  obtained  by  saturating 
acid  oxalate  of  ammonium  with  chromic  hydrate,  and  separates  on  evaporation  in  \he 
scales  isomorpbous  with  the  blue  potassic  salt  (H.  Kopp).  It  dissolves  in  l|  pt 
water  at  16*^,  and  in  a smaller  quantity  of  boiling  water. 

The  rfd  9oUs  C*Cr'"(NH*)0*.4lI*0,  exactly  resembles  the  corresponding  poUssinm* 
salt,  and  is  obtained  in  a similar  manner. 

Argmtixhromic  Oxalatf,  CH?r"*A^O'*.  JH*0,  is  deposited  in  dark  blue  shining 
needles  when  a mixed  solution  of  silver-nitrate  and  blue  potassio-chromie  oxalate  o 
left  to  evaporate.  It  dissolves  in  9 pts.  of  boiling  water,  and  in  a rather  larger  quan* 
tity  of  cold  water. 

Sari/to~calcic  OxalaU,  C'*Cr*Ba"0'*  4H*0,  also  with  6H*0.  Precipitated  on  mixing 
a barium-salt  with  a solution  of  blue  ammonio- or  potassio-chromic  oxalate.  Small  dark 
violet  needles,  nearly  insoluble  in  cold  water,  soluble  in  about  30  pts,  of  boiling  vati  r. 

Cr/ciWAromic  Oxa/a^«,  C'*Cr*Ca''0'*  6H*0 ; also  with  12HK).  Dark  violet  silkj 
needles,  slightly  soluble  in  water. 


0. 


IHumbo-chromic  Oxalatf,  C'K5i^Pb''0'*.5lP0.  Blue  precipitate  formed  on  mixing 
the  solutions  of  acetate  of  lead  and  blue  potassio-ehromic  oxal^. 

Pofasfiu-chromic  Oxalaics.^a.  Blue  sail.  (X.'r‘"K0*.3H’0. — l*repared  by  saturating 
a boiling  solution  of  acid  potassic  oxalate  with  chromic  hydrate,  or  by  dissolving  vith 
aid  of  iiea^  1 pt.  acid  chromate  of  potassium,  2 pts.  acid  oxalate  of  pota»iam,  and 
2 pts.  oxalic  acid  in  1 pt.  of  water.  In  the  latter  case  the  chromic  add  is  first  reduce!  to 
chromic  oxidf*  by  ^e  oxalic  acid,  whence  there  results  a disengagement  of  carbonic  an* 
hydride.  The  salt  crystallises  in  largo  monoclinic  prisms,  black  by  reflection,  and  of 
a fine  blue  colour  by  transmitted  light.  The  dominant  faces  are  oo V,  [ ®P|],  [ ®Px  I 
<xP® , and  the  prisms  are  terminated  at  tlie  ends  by  the  faces  + P equally  developed, 
(like  fig.  30,  CBTSTALLOGRapuT,  ii.  165),  or  with  + P or  +P«o  predominant.  lUtio 
of  axes  a : b c — 0*999  : 1 : 0*395.  Angle  of  axes  *■  86°;  +P  : P in  the 

acute  clinodiagonal  terminal  edges  = 138°  48' ; — P : — P in  the  obtuse  ed^-s  - 140^ 
34';  +P  : — P in  the  orthodiagonal  terminal  edges  » 139°  42';  + r : —Pin 
the  basal  edges  58°  19';  ocP  : ooP  ~ about  90°;  [*Pj]  • the 

orthodiagonsl  principal  section  » 112°  30'. 

The  s^t  di^lves  in  6 pts.  water  at  15°;  the  solution  is  green  by  reflection,  red  by 
transmission.  If  boiled  and  then  evaporated.it  leaves  a green  amorphous  residue, 
which  however,  if  rwUssolved  in  water,  again  yields  blue  crystals  on  evaporation.  Th« 
salt  gives  off  11  per  cent,  water  (3  at.)  at  100° 

lied  gait,  C*Cr'"KO*.4H*0. — Obtained  by  saturating  hyperacid  oxalate  quad 
roxaluto)  of  potassium  with  chromic  hydrate.  Crystallises  in  small  rhomboi'dal  ab  cts 
or  dj\rk-red  grains  (Croft,  Phil.  Mag.  [3]  xxi,  197).  The  crystals  are  monocl  nic,  «• 
hibiting  the  dominant  combination  oP.  ooP.  [oeP2].  ooPgo . [ qdFqo  ] . + P«  . — Px 
Batio  of  axes  a \ b \ e ■»  0*8061  : 1 : 1*11583.  Angle  5 : c — 70°  33’;  aeP : *P 
(clinod.)  =>  81°  17';  [ oeP2]  : [oeP2]  - 46°  27';  oP  : »P  « 120°4l';oP: 
— r®  « 142°  25'  (RammeUberg,  Pogg.  Ann.  xciii.  24).  The  crystals  dissolve  in 
rather  more  than  10  pts.  of  cold  water  ; the  solution  in  cold  water  is  chcny-coloured : 
that  made  with  boiling  water  is  blackish-green.  The  solution  if  boiled  and  then  lefi 


• Cr  B 53*4;  chromic  chloride  = CrCP. 
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to  itself  for  a few  daj's.  d<*p06iu  gameUred  crystals,  but  if  oraporat^  immediately  over 
the  water-batb,  it  leaves  a green  amorphous  mass. 

Sodkhchromic  Oxalatet.  The  bltusalf,  C^Cr^^aO  *.§H*0,  is  obtained  in  hexagonal 
pUtes  or  rhomboVdal  prisms  by  saturating  a boiling  solution  of  acid  sodic  oxalate 
with  chromic  hydrate.  The  crystals  are  black  by  reflection,  deep  blue  by  trans- 
mission, slightly  efflorescent,  very  soluble  in  water  (Berlin).  They  are  monoclinic, 
exhibiting  the  combination  oP  . + P . — P . ocpac  . [ ooPoo  ] . ccp.  Ratio  of  axes 
a\b\c  = 0*7218  : 1 ; 0*8803.  Anglo  6 : c = 79°  20';  oP  : + P = 120°;  oP  : 
-P  - 128°  12';  oP:  c»P  - 96°  20';  ooP  ; «P  (clinod.)  = 73°  25'.  Cleavage 
perfect  parallel  to  oP.  (Rammelsberg.) 

According  to  Rammelsbei^.  a solution  of  chromic  hydrate  in  acid  sodic  oxalate  yields 
flnt  a red  and  afterwards  a blue  sodio-chromic  oxalate,  the  two  salts  having  the  same 
eompositioD  (?),  and  the  red  salt  also  forming  monoclinic  crystals. 

OxALaTBS  OF  Cobalt,  o.  Cobaltout  salts. — Heutral  cobaltoint  oxalaU^ 
C*Co‘‘0*.2H*0,  obtained  bv  digesting  the  carbonate  with  excess  of  oxalic  acid,  is  a rose- 
nd  powder,  nearly  insoluble  in  water  and  oxalic  acid,  easily  soluble  in  aqueous  ammonia. 
A bias  6a4ic  salt,  C*Co’’0*.2Co''H*0*,  is  obtained  by  treating  cobaltous  oxalate  with 
boiling  aqueous  oxalate. 

A pot04sio~<x>baltous  oxalate  is  obtained  in  rose-coloured  rhomboidal  crystals  insoluble 
in  water,  by  dissolving  cobaltous  oxalate  in  a boiling  solution  of  the  neutral  potassic 
salt  Cob^tous  oxalate  diseolres  also  in  a hot  solution  of  the  acid  ammonium-salt ; 
but  the  liquid  when  left  to  evaporate  deposits  rose-coloured  sparingly  soluble  crystals 
coQtainixig  only  a small  quantity  of  cobalt. 

OxolaU  of  2[C*(Co"N*n*)'*(Ki’'N*H*)”0*].9n*0,  was  ob- 

tained by  Rautenberg  (Ann.  Ch.  Pharm.  cxiii.  360)  in  separating  nickel  and  cobalt 
bjr  Laogier's  method  (i.  1039),  being  deposited  after  some  weeks  from  the  ammoniacal 
relation  from  which  the  greater  part  of  the  nickel-oxalate  had  previously  separated. 
It  forms  transparent  cheny-red  triclinic  prisms  which  giro  oft  all  their  water  of 
^stallisation  at  100°,  crumbling  to  a brick-red  powder,  and  ammonia  at  180°.  It  is 
io^uble  in  water,  easily  soluble  in  ammonia,  the  solution  when  left  to  evaporate, 
depositing  oxalate  of  nickel-ammonium  while  a cobalt-salt  remains  in  solution. 

6.  Cobaltic  salts.  A solution  of  cobaltous  oxalate  in  strong  aqueous  ammonia 
left  to  evaporate  in  contact  with  the  air  deposits  large  deep-red  crystals  containing, 
according  toL  Gmelin  {Handbook,  ix.  162)  3Co*OM2NH*.Co^O*.3H*0,  which  maybe 

represented  by  the  formula  0*  .3HH!).  The  crystals  are  sparingly  soluble  in 

H“  I 

water  and  in  aqueoos  ammonia,  and  when  boiled  with  potash,  give  off  ammonia  and 
deposit  brown  peroxide  of  cobalt. 

Other  ammoniacal  cobaltic  oxalates  are deecribed  under  Cobalt-bases,  Abocokiacal 
(i.  1061). 

Oxalatbs  of  Coppbb.  Heutral  cuprtc  Oxalate,  2C*Cu*'OMI*0  (according  to 
Lowe,  Jahresb.  1860,  p.  243X  is  a li^bt  greenish-blue  precipitate,  insoluble  in  water, 
neariy  or  quite  insolnble  in  oxalic  acid,  but  easily  soluble  in  the  neutral  oxalates  of 
aamonium.  potassium  and  sodium.  It  does  not  give  offtbe  whole  of  its  water  even  at 
120°,  but  decomposes  at  a somewhat  higher  temperature. 

Jmmonio’Ottpno  Oxo/ufe,  C*(NH*)*Cu''OV2H*0,  obtained  by  dissolving  cupric  oxalate 
in  the  neutral  ammonium-^t,  or  cnpric  oxide  in  the  acid  ammonium-s^t,  forms  dark 
bine  rhombic  plates  permanent  in  the  air,  sparingly  soluble  in  water,  with  partial 
decomposition. 

OxoEc/r  of  Cu^ramnumtum,  C*(N*H*Cu'')"0*.H’0,  is  obtained,  by  evaporating  an 
tmmoniacal  solution  of  cupric  oxalate,  in  short  flattened  hexagonal  prisms,  of  a dark- 
bloe  eoloor : it  effloresces  on  exposure  to  the  air,  giving  oflf  water  and  ammonia. 

OxolaU  of  Copper  and  Cuprammonium,  C*Cu'’(K*H‘Cu")  O*,  is  deposited  as  a sky- 
blue  crystalline  powder  when  ammonia  is  treated  with  s larger  quantity  of  cupnc 
oxalate  than  it  is  capable  of  dissolving. 

Litko-cuprie  Oxtuate,  C*Ji*Cu"0*.2H*0,  is  deposited  in  blue  crystals  by  spontaneous 
^poration  of  the  solution  obtained  by  boiling  acid  lithio  oxalate  with  cupric  oxide ; 
when^redissolved  in  water,  it  suffers  partial  decomposition  (Troost,  Ann.  Ch.  Phys. 

Potassio-cuprie  OxalaU  ciystallises  in  blue  rhombohedrons,  C*K*Cu"0*.2H*0,  spa^ 
ugly  soluble  in  water,  or  in  flattened  needles  containing  C*K*Cu"0*.  4H*0.  It  is 
decomposed  by  boiling  water,  with  separation  of  cupric  oxalate. 

Poddo-cMprie  Oxalate,  C^Na*Cu"0*.2H*0,  forma  dark  sky-blue  often  flattened  needles 

OxALATi  OF  Didtmiuii.  C*Di"0*.H’0;  also  with  4H*0. — Pulverulent  and 
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white,  with  a slight  tinge  of  rose-colour,  when  precipitated  from  neutral  solutions ; but 
when  redissolved  by  the  aid  of  heat  in  excess  of  nitric  or  hydrochloric  acid,  it  separatea 
us  the  liquid  cools,  in  the  granular  and  crystalline  state,  sometimes  even  in  smalX  rose- 
coloured,  rectangular  prisms  terminated  by  four-sided  pyramids  with  their  faces  resting 
on  the  e^es  of  the  prism.  This  salt  is  completely  insoluble  in  water,  and  nearly  in- 
soluble in  oxalic  acid  and  in  very  dilute  mineral  acids.  The  air-dried  salt  (with  4 at. 
water)  gives  off  about  20  per  cent,  water  at  100®,  leaving  the  monohydrated  salt, 
(Marignac,  Ann.  Ch.  Phys.  [3]  xxxriii.  176.) 

Oxalate  of  Olucixvm remains,  when  its  aqueous  solution  is  evaporated,  as  a 
transparent  g;ummy  mass,  possessing  the  sweetest  taste  of  all  glucinum-aalta. 
(Vauquelin.) 

Ammonio’^lunnic  OxnlaU,  forms  trimetric  crystals  exhibiting  the 

combination  ccpoo  . ccPao  . oP . P . 2P  . oeP . Poo  . Poo  . 2Poo  . 4P».  Ratio  of 
axes  a \ b \ c ■■  0 8769  : 1 : 1*7413.  Inclination  of  the  faces.  P : P in  the  brachy- 
diagonal  principal  section  *»  121®  5(f;  in  the  macrodiagonal  111®  24';  in  the 
basal  section  *»  98’  44';  2P  : 2P  in  these  three  sections  = 106®  6C';  93®  10'  and 
132°  4';  - o=P:  ocpoo  = 138°  4?  ; oP  : f oo  - 143°  27';  oP  : Poo  = 139°  45'. 
(S^narmont,  Jubresb.  1867,  p.  296.) 

Oxalates  of  Ibok.  a.  Ferrous  salts. — Perrons  oxalate  occurs  as  oxaliie 
OT  humboldtine^  2C*Pfe''0".3H’0,  in  deposits  of  lignite.  It  is  very  soft,  and  crumbles 
between  the  fingers,  has  a density  of  2 13  — 2*489,  yellow  colour,  dull  or  slightly 
resinous  lustre,  and  when  insulated  acquires  negative  electricity  by  friction,  mien 
thrown  on  red-hot  coals  it  emits  a strong  vegetable  odour  and  leaves  a residue  which 
is  attracted  by  the  magnet.  It  is  found  in  lignite  at  Kolosomk  in  Bohemia,  at  Gross- 
Almerode  in  llessia,  and  in  shale  at  Cape  Ipperwash  in  Upper  Canada  (Dana,  ii.  465). 
It  appears  to  have  been  formed  by  the  decomposition  of  succulent  plants. 

Iron  dissolves  in  oxalic  aci<l,  with  evolution  of  hydre^n,  and  the  liquid  which 
has  a sweet  astringent  taste,  gradually  deposits  ferrous  oxalate  as  a light^ellow 
powder.  This  salt  separates  also  in  small  shining  yellow  crystals  containing  C*Ffe*'0\ 
2IPO,  when  ferrous  sulphate  is  precipitated  by  oxalic  acid  or  neutral  oxalate  of 
potassium ; also  when  a solution  of  ferric  oxide  in  oxalic  acid  is  exposed  to  sunshine. 
It  is  nearly  insoluble  in  cold,  very  sparingly  soluble  in  boiling  water.  According  to 
Souebay  and  Lenssen,  the  dihydrated  salt  dissolves  in  4,6U0  pts.  of  cold  and  3,800  pU. 
of  hot  water. 

When  the  dihydrat<*d  salt  is  heated  with  the  strongest  sulphuric  acid  (H*SO*)  car- 
bonic oxide  and  carbonic  anhydride  ore  evolved  and  pure  ferrous  sulphate  remains  in 
the  form  of  a soft  white  powder.  But  if  the  same  salt  be  heated  with  dilute  sulphuric 
acid,  the  liquid  after  cooling  yields  crystals  of  oxalic  acid,  and  ferrous  sulphate  remains 
in  solution.— -When  ferrous  oxalate  is  dissolved  to  saturation  in  strong  hydrochloric  acid 
at  a boiling  heat,  the  liquid  when  quite  cold,  deposits  large  transparent  crystals  of 
oxalic  acid,  and  afterwards  crvstals  of  ferrous  chloride.  (Souchay  and  Lenssen.) 

If  ferrous  oxalate  be  added  to  boiling  solution  of  caustic  potash,  the  boiling  heat 
being  continued  for  some  time,  a velvet-black  precipitate  of  ferrous  oxide  is  produced, 
which  however  soon  passes  on  the  filter  to  a higher  state  of  oxidation.  Ferrous  oxalate 
boiled  with  a concentrated  solution  of  acid  carbonate  of  potassium,  yields  a perfectly 
white  precipitate  of  ferrous  carbonate,  which  likewise  oxidises  quickly  during  washing. 
(Bdttger,  J.  pr.  Chera.  Ixxvi.  238.) 

Acid  sahl  A solution  of  iron  in  oxalic  acid,  yields  before  complete  saturation, 
greenish-yellow,  very  soluble,  efflorescent  prisma  which  appear  to  be  an  acid  ferroua 
oxalate,  or  according  to  Barreswil,  a ferroso-fi-rric  oxalaU, 

Potatsio-frrrons  Oxalate.  C*K*i'fo‘'0".2H*0. — A solution  of  ferrous  oxalate  in 

oxalate  of  potassium,  deposits,  when  mixrd  with  alcohol  and  left  to  stand  for  24  hours, 
oily  drops  of  this  double  salt  which  soon  solidify.  (Souchay  and  Lenssen.) 

/3.  Ferric  salts.  \STsen  ferric  hydrate  is  treated  with  a quantity  of  aqueous  oxalic 
acid  not  sufficient  to  dissolve  it,  a ypllow  powder  is  formed  nearly  insoluble  in  water, 
and  apparently  consisting  of  neutral  ferric  oxalate.  The  same  s^t  is  precipitated  on 
adding  a small  quantity  of  neutral  potassic  oxalate  to  a ferric  salt.  It  dissolves  in 
oxalic  acid,  forming  a solution  which,  when  exposed  to  sunshine,  gradually  assumes  a 
greenish-yellow  colour,  gives  off  car^nic  anhydride,  and  deposits  crystals  of  ferrous 
oxalate  till  it  becomes  quite  colourless. 

Ferric  hydraite  dissolves  in  the  acid  oxalates  of  the  alkali-metals,  forming  double  salts. 

Ammonio-ferric  Oxalate,  C*(NH*)*Fe"'0** — A hot  solution  of  ferric  hydrate  in  acid 
oxalate  of  ammonium  deposits  this  salt  on  cooling  in  small,  anhydrous,  rhombic  octa- 
hedrons, having  a grecnish-whito  colour  and  turning  yellow  when  exposed  to  light. 
The  salt  dissolves  in  1*1  pt.  water  at  20®  and  in  0*79  pt.  boiling  water.  The  aqueous 
solution  exposed  to  snoshine  gives  off  carbonic  anhydride,  and  deposits  ferrous  oxalate 
in  the  form  of  a yellow  powder. 
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Baryto~ferrie  Oxalate^  C’*^*Fe*0**.6HK)^?\  is  precipitetedon  miTing  a concentrated 
solution  of  the  ammonio-ferric  salt  arith  chlonae  of  barium.  The  precipitate  crystallises 
from  boiling  water  in  greenish-yellow  silky  needles. 

Calcio-ferric  Oxolate  is  an  uncrystallisable  precipitate. 

TotcusiO’ferric  Oxalate,  C*K*Fe'"0**.3H*0,  ciystallises  in  flattened  prisms  or  scales 
of  an  emerald-green  colour,  which  cfQoresce  in  dry  air,  and  decompose  quickly  when 
exposed  to  light,  deputing  ferrous  oxalate.  It  is  isomorphous  with  the  blue  potaseio- 
ehnmiic  oxalate.  (H.  Kopp.) 

Sodic’ferric  Oxi^cUe,  C*Jfa*Fe"’0*’.3H^0,  also  forms  green  crystals  moderately  soluble 
is  water.  The  crystals  are  monoclinic,  the  dominant  faces  being  oP,  +P,  — P, 
otp.  Ratio  of  axes  a : 6 : c = 0*7304  : 1 : 0*877.  Angle  6 : c = 79®  44',  odP  : 
«P  (clinod.)  " 73®  10';  +P  : +P  (clinod.)  * 91®  12';  — P : — P in  the 
aame  « 101®  22';  + P:  - P(basal)  - 111®  43':  oP  : + P « 119®  68*;  oP: 
— pa  128®  19'.  Cleavage  easy  parallel  to  oP.  (Rammclsberg.) 

Strrmtio^ferric  Oxalate  is  an  uncrystallisable  precipitate. 

OxALXTK  OF  LayTHAiroif.  C^La"0\ — ^White  precipitate  insolnble  in  water* 
Desriy  insolnble  in  oxalic  add,  easily  soluble  in  nitric  amd,  separating  from  this  solution 
like  the  cerous  salt  (p.  266)  in  well-deflned  rhombohedrons.  (Holzmann.) 

OxALATxs  OF  Lbax). — The  neutral  ealt,  C^P^O*,  is  a white  precipitate  insoluble 
is  water  and  in  acetic  add,  but  soluble  in  nitric  add.  It  dissolves  also  at  the  boiling 
beat  in  aqueous  chloride,  nitrate,  and  succinate  of  ammonium,  but  is  insoluble  in  caustic 
snuDonia,  and  in  the  carbonate.  The  dry  salt  heated  in  a retort  placed  in  an  oil-bath, 
decomposes  at  about  300®,  giving  off  a mixture  of  3 vol.  CO’  to  1 vol.  CO,  and  leaving 
anddue  of  suboxide  of  l«id.  (Pelouzo,  Ann.  Ch.  Phya  [3]  iv.  104): 

2C’Pb"0‘  - 3CO*  -t-  CO  + PbH). 

A hasie  oxalate  of  lead,  C’Pb"0*.2Pb''0,  is  obtained  as  a white  powder  by  precipitating 
a folution  of  basic  acetate  of  lead  with  neutral  oxalate  of  ammonium,  or  by  boiling 
snttral  oxalate  of  lead  with  the  basic  acetate  (which  is  thereby  converted  into  neutral 
acetate).  It  is  predpitated  in  small  shining  lamins  on  mixing  a boiling  solution  of 
ozamide  with  nitrate  or  acetate  of  lead  containing  a little  ammonia.  It  absorbs  car- 
bonic add  from  the  air,  and  is  ultimately  convert^  into  a mixture  of  carbonate  and 
neutral  oxalate  of  lead. 

Fotatio-plumbic  Oxalate. — Acid  oxalate  of  potassium  digested  with  hydrate  of  lead 
dissolves  a small  portion  of  it,  and  the  solution  yields  small  needles  which  are  per- 
manent in  the  air,  but  are  decomposed  by  alkalis.  (Wenzel.) 

p£> 

Oxalalo-nUraU* of  Ijead.^-a.^ha  normal talt,  C*Pb''0*.N*Pb''0*.2H*0»«(  C*0*)"  0^ 

(NO>)«  J 

.2HK),  is  produced  by  pouring  a solution  of  neutral  lead-acetate  into  a mixture  of 
dilute  oxalic  and  a Uuge  quantity  of  nitric  add,  or  dilute  oxalic  acid  into  a mixture  of 
dilute  lead-acetate  and  nitric  acid ; also  when  oxalate  of  lead  is  dissolved  in  dilute 
nitric  add,  or  boiled  with  a strong  solution  of  lead-nitrate.  It  forms  rhombic  or  hex- 
agonal plates  having  a nacreous  lustre;  is  slowly  decomposed  by  cold,  ^ickly  by  boil- 
ing water.  (Johnston,  Phil.  Mag.  [3]  xiii.  26. — Dujardin,  J.  pr.  Chem.  xv.  308.) 

Pb*  ) 

A A baaic  ealt,  C’Pb''0*.3N*Pb"0*  2Pb"0.3H’0  « ( C’O*)"  0‘*.3H*0,  is  formed 

- (NO’)*  J 

when  oxamide  is  boiled  with  a strong  solution  of  lead-nitrate  mixed  with  ammonia, 
^ separates  in  white  shining  my'stalltne  grains,  which  must  be  washed  with  cold 
water  and  dried  in  a vacuum.  If  the  boiling  be  too  long  continued,  while  the  b'quid 
still  contains  neutral  nitrate  of  lead  (which  thereby  becomes  basic),  the  salt  A is  con- 
verted into  a.  The  salt  fi  is  also  formed  when  basic  oxalate  of  lead  is  boiled  with  a 
solntioD  of  lead-nitrate  in  a double  quantity  of  water,  the  ebuUitiou  being  stopped 
before  $ is  converted  into  a.  (Pelouze,  Ann.  Ch.  Phys.  [2]  Ixtit,  104.) 

OxALATis  OF  Lithiuh. — The nrufni/ su/f,  C’Li’O*,  obtained  by  Saturating 8 hot 
solntioQ  of  oxalic  acid  with  carbonate  of  lithium,  separates  on  cooUng  in  indistinct 
nodulous  anhydrous  crystals ; it  also  separates  in  the  anhydrous  state  fri>m  its  aqueous 
solution  on  addition  of  alcohol.  1 pt.  of  it  dissolves  in  in  13*1  pU.  water  at  19*6®. 

The  acid  salt,  C’HLiO*.H*0,  forms  large  tabular  crystals  which  dissolve  in  12*8 
pts,  water  at  17®,  give  off  their  water  of  crystallisation  at  100®,  and  oxalic  add  at  IflO®. 
tSoQcbay  and  Lenssen.) 

Oxalates  or  Maohbsiuic,  C’Mg"0*.  This  salt  is  best  prepared  by  neutral- 
ising oxalic  add  with  carbonate  of  magnesium  and  washing  with  cold  water ; when 
precipitated  from  a magnesium-salt  by  oxalate  of  potassium,  it  always  retains  a portion 
nf  that  salt.  Prepared  by  the  first  method,  it  is  a white  sandy  powder  consisting  of 
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C^>Tg''0V2lI*0,  soluble  in  1500  pt«.  of  water  at  16°  and  1300  pts.  of  boiling  water.  It 
gives  off  rS  per  cent,  water  at  100°,  and  does  not  lose  the  whole  of  it  even  at  140’-';  but  at 
160^  it  becomes  anhydrous,  at  the  same  time,  however,  suffering  partial  decomposition. 

No  acid  oxalate  of  magnesium  or  double  oxalate  of  magnesium  and  sodium  appears 
to  exist. 

Ammonio-yna^nfsian  Oxalates. — A concentrated  solution  of  chloride  of  magnesium 
forms,  with  oxalate  of  ammonium,  a precipitate  of  oxalate  of  mugnesiuro.  which  always 
contains  small  <]uantitit^  of  the  double  oxalate  of  magnesium  and  ammonium.  But  a 
dilute  solution  of  cliloride  of  magnesium  mixinl  w’ith  oxalate  of  ammonium,  especially 
if  a little  caustic  ammonia  is  added,  yields,  after  standing  for  some  time,  crystalline 
crusts,  consisting  of  oxalate  of  magnesium  and  ammonium  and  oxalate  of  ammonium 
in  equivalent  pro|)ortious.  varviiig  according  as  the  magnesia  or  the  oxalate  of  am- 
monium prixlominated  in  the  liquid  ; they  dissolve  in  water  with  separation  of  oxalate 
of  magnesium. 

a.  C*Mg‘'(NII*)‘'0*.5C*(NH*)*0*.9H'0. — Obtained  by  adding  oxalate  of  ammo- 
nium to  a magnesia  solution,  rendered  strongly  alkaline  by  ammonia,  and  then  mixed 
with  a quantity  of  sal-ammoniac  sufficient  to  r^issolve  the  precipitate, — in  such  pro- 
portion, that  the  magnesia  may  be  to  the  oxalic  acid  (0*H’0*.2H*0),  as  1 : 12  6. 
(Souchay  and  Lenssen.) 

3.  6C*Mg''(NH*)-0*.8C*(NH*)*0*.24H*0. — By  mixing  a magnesia  solution  with 
oxalate  of  ammonium,  in  such  proportion  that  the  magnesia  may  be  to  the  oxalic  add, 
as  ro  : 6 3.  (Souchay  and  Lenssen.) 

y.  C*3Ig”(NH*)®0'.4C\NH*)=0*.8H*0  (.Souchay  and  Lenssen);  with  2H’0 
(Kaysor,  Pogg.  Ann.  lx.  143). — Prepared  by  gradually  adding  recently  pre- 
cipitated oxalate  of  magnoKium  to  a boiling  concentrated  solution  of  oxalate  of  am- 
monium, till  the  former  no  longer  dissolves,  even  after  long  boiling.  On  filtering  hot, 
and  leaving  the  liquid  to  coo)  quietly,  the  salt  7.  sepamtes  in  hard,  warty,  crystalline 
crusts,  having  the  app<'arance  of  enamel,  slightly  translucent,  und  effioreseing  in  the 
air.  It  dissolves  prettv  readily  in  water,  W'ith  partial  separation  of  oxcalale  of  mag- 
nesium ; in  ammoniacal  salts  it  forms  a clear  solution. — At  100°  it  gives  off  13'3  per  cent, 
(rather  more  than  6 at.)  water;  at  120°,  7 at.  in  all:  at  140°  it  begins  to  decompose 
and  assume  a brownish  tint.  (Souchay  and  Lenssen.) 

3.  C‘Mg'(NIP)0*.6C’(>;H*)*0b8n’0. — When  the  mother-liquor  from  which  the 
preceding  salt  has  crystallised  is  mixed  with  a little  water  and  ammonia,  and  set  aside 
for  some  weeks  in  the  cold,  it  deposits  milk-white  crust-H,  which  dissolve  in  water  with 
partial  decomiiosition,  the  solution  becoming  turbid.  It  gives  off  1215  pet  cent,  (about 
8 at.)  water  at  100°.  (.Souchay  and  Lenssen.) 

t.  C*Mg’*(NH*)’0*.2C^Mg"0“.2H®0  or  C“M^(  NTI*)*0**. 2IPO,  is  produced,  according 
to  Brandes  (Schw.  J.  xxvii.  18_),  when  aqueous  chloride  of  magnesium  is  mixed  with 
neutral  oxalate  of  ammonium,  e}»p«*cially  in  presence  of  excess  of  ammonia,  and  is  grad- 
ually deposited  in  crystalline  crusts.  Souchay  and  Lenssen  did  not  succeed  in  pre- 
paring thi.s  salt. 

Potassio-mfi^nesic  Oa^dlaff,  C'K*Mg"0*.6H’0.  —Deposited  in  white  needles  when  a 
strong  solution  of  neutral  potassic  oxalate  is  boiled  with  recently  precipitated  oxalate 
of  magnesium,  and  the  filtered  liquid  is  left  to  cool.  It  effloresces  quickly  in  the  air, 
is  insoluble  in  cold  water,  and  is  decomposed  by  hot  water  wntb  separation  of  oxalate 
of  magnesium.  (Kayser, /<wr.  c<L) 

OxALATB  OP  MANOANtftii;. — This  salt,  whether  prepared  by  precipitating  the 
sulphate  or  chloride  of  manganese  with  oxalic  acid,  or  by  treating  the  carbonate  of  roan* 
ganese  or  manganoso-manganic  oxide  with  oxalic  acid,  contains,  in  the  air  dried  state, 
J at.  water.  Souchay  and  Lenssen  (Ann.  Ch.  Pharm.  cii.  47)  found  in  it,  37*55 
per  cent.  MnO,  the  formula  2C*Mn"0*.6H*0  requiring  37‘83  percent.  1 pt.  of  this 
hydrated  salt  dissolves  in  2460  pts.  of  cold,  and  in  1250  pts.  of  boiling  water  ; but  the 
solubility  is  very  greatly  increased  by  the  presence  of  a trace  of  potassic  or  ammonic 
oxalate.  Al  100°,  according  to  Souchay  and  Lenssen,  it  gives  off  all  its  water  (as 
previously  found  by  Liebig,  Ann.  Ch.  Pharm.  xcv.  116). 

These  results  are  at  variance  with  those  obtninoil  by  other  chemists.  According  to 
Graham,  the  salt  contuinM  | at.  water,  the  whole  of  wliich  it  retains  at  100°  ; accord- 
ing to  Hausmann  and  Lowen  t hnl  it  contain.s,  after  drying  at  100°,  2 at.  water. 

According  to  H.  Croft  (Chem.  Guz.  1857,  p.  62)  the  quantity  of  water  contained  in 
manganous  oxalate  varies  with  the  temperature  at  which  it  is  precipitated.  Hot  con- 
centrated solutions  of  mMnganou.s  sulphate  and  oxalic  acid  ynela  a white  granular  pre- 
cipitate consisting  of  C*Mn''0*.2H’(),  which  does  not  give  off  any  water  at  100°. 
(This  agrees  with  the  statement  of  Hausmann  and  Lo went hal.)  In  a solution  of 
mHnganou<>  sulphate  in  30  pts.  of  waiter,  oxalic  acid  produces  a procipitate  which  has  a 
faint  violet  colour,  but  iu  a few  days  becomes  white  and  granular,  and  exhibits  the 


r- 


OXALATES. 


261 


nm«  compositioQ.  When  manganous  sulphate  dissolved  in  30  to  100  pts.  of  crater  is 
precipitated  bj  oxalate  potassium,  a pale  violet  crystalline  precipitate  is  obtained,  re> 
Mmbling  benzoic  acid  and  containing  C‘Mn"0*.SH*0.  It  is  unalterable  in  the  air  at 
ordinary  temperatures,  but  at  100®  gives  off  1 at.  water  and  turns  white.  When  heated 
fur  some  time  in  the  air,  it  yields  red  crystalline  manganic  oxide  (Croft).~These  state- 
ments are  confirmed  by  Gorgeu  (Compt.  rend.  xlviL  929).  Oxalic  acid  mixed  with 
excess  of  manganous  sulphate  in  the  cold,  yields  rose-colour^  prismatic  needles  of  the 
nit  C*Mn'’0*.3H*0 : but  when  a very  hot  solution  of  oxalic  acid  is  mixed  with  a hot 
solation  of  a manganous  salt  till  a precipitate  begins  to  form,  and  the  liquid  is  then 
left  to  cool,  white  flattened  octahedrons  are  obtained,  consisting  of  C*Mn”OV2lTO.— - 
The  red  salt,  when  dried  in  the  air,  gives  off  1 at.  water  and  turns  white ; but  in  vacuo 
andereo  at  95®,  it  retains  its  red  colour,  although  it  loses  the  greater  part  of  its  water. 

Anmonio-manganort*  Oxalate. — Oxalate  of  manganese  forms,  witii  oxalate  of  am* 
Biomum.  a series  of  double  salts  varying  in  composition  according  to  the  degree  of  dilu- 
tion nod  the  proportions  in  which  the  constituent  salts  are  mixed. 

& C*Mn‘’(5fH*)*0*.2H*0  is  obtained  by  adding  oxalate  of  manganese  to  a boiling 
atnrated  solution  of  oxalate  of  ammonium,  and  filtering  the  rose-coloured  solution  while 
still  hot.  The  ciystalline  crusts  composed  of  microscopic  square  prisms,  which  first 
f'^pnrate  fnm  the  liquid,  consist  of  the  salt  a.  The  mother-liquor  yields  crystals  of 
different  composition.  (Souchay  and  Lenssen.) 

3.  OMn"i^NH*)*0*.C*(Nri*)*0*.4H*0- — The  mother-liquor  of  the  salt  a,  filtered 
and  left  to  itself  for  twenty-four  hours,  deposited  crystalline  crusts  consisting  of  micro- 
t-*opic  prisms  winch  gave  by  analysis  15  24  per  cent.  MnO  and  46  20  C*0^,  the  formula 
gfaalt  $ requiring  16.37  MnO  and  46*63  C*0*. 

7-  C*Mu"(NH*/O*.4C*(NH')*O'.8H*0. — The  mother-liquor  of /3  mixed  with  water, 
yielded,  after  standing  for  a day,  crystalline  crusts  containing  7*44  per  cent  MnO  and 
4748  per  cent.  C-O* ; the  formula  y requires  7*84  per  cent  MnO  and  47*57  C*0*. 

S.  The  mother-liquor  of  y deposits,  after  standing  for  some  time,  crystalline  crusts 
evataining  6*19  percent.  MnO  and  49*82  C^O*  agreeing  with  the  formula  C*Mn’'(XH^)*0*. 
C*"  N1I*)*0*.8II*0,  which  requires  6*17  MnO  and  49*86  C’O*. 

All  these  salts  are  decomposed  by  water  and  effloresce  rapidly  in  the  air.  The 
colour  is  reddish  or  white  according  to  the  proportions  of  manganese  contained  in  them. 
Those  which  contain  a large  proportion  of  manganese  separate  in  small  prisms,  while 
thc^e  with  a smaller  quantity  of  manganese  are  deposited  in  crystalline  crusts  or 
uodal&(,  and  always  after  the  solution  has  been  left  at  rest  for  some  time.  (Soucha  y 
and  Lenssen.) 

f.  Oxaiaie  of  Mangan^ie  and  ^langanamnumium.  C^Mir(N*II*Mn")’'0*. 6H*0.— 
When  a boiling  solution  of  oxiilate  of  ammonium  is  saturated  with  oxalate  of  manganese, 
tlie  liquid  filtered,  and  ammonia  addtxl  till  tlie  filtrate  smells  slightly  of  it,  a white  or 
slightly  green  crystalline  powder  is  precipitated,  consisting  of  transparent  microscopic 
cn'slaU,  which  have  the  fjrni  of  .square  pri.*«ms,  but  are  so  much  truncated  that  they 
ire  scarcely  distinguishable  from  cubes.  (Souchay  and  Lenssen.) 

Winkelblech  assignwl  to  a wilt  prejuired  in  a similar  manner,  the  formula  4XH*. 
C*JIn"(NH*;*0*.2C’Mn"0^.8HH>,  the  atvuraey  of  whicli  is  called  in  question  by 
QmtVxn  {Handbook,  ix.  147).  Tlic  salt  decomposes  quickly  in  contact  wdth  water, 
turning  brown  and  absorbing  oxygen.  At  100^  it  gives  off  6 at.  water,  assuming  at 
the  .mme  time  a faint  brown  colour.  (Souchay  and  Lenssen.) 

PotoMio-manganom  Oxalate.  C*Mn"K"0".2H^O.  — Obtaiiu-tl  in  reddi.sh  cnists  by 

tclding  manganous  oxalate  to  a boiling  concentrated  solution  of  oxalate  of  potassium, 
aoil  leaving  the  filtrate  to  cooL  Gives  off  all  its  water  at  109®.  (Souchay  and 
Lenssen.) 

PoUu»io>.nangafiic  Oxalate  isl>eet  obtained  by  saturating  3 pts.  of  oxalic  acid  with 
esrbonate  of  potassium,  adding  4 pts.  of  oxalic  acid,  and  then  peroxide  of  manganese  till 
the  liquid  exidbits  but  a faint  acid  reaction.  The  purple  liquid  thus  formed  is  very 
ta^-ily  decomposed  by  light  and  lieat.  Mixed  with  alcohol  in  the  dark  and  in  a vessel 
externally  cooled,  it  de|>osit.s  potaBsio-mang*anic  oxalate  (probably  C*Mn*”K*O‘*.3n’0), 
in  puTfde-re<i  crystals  which  however  cannot  be  dried  without  decomposition.  (Sou- 
chay and  Lenssen.) 

S^io-manganoius  Oxalate.  Oxalate  of  manganese  dissolves  pretty  freely  in  warm 
oxalate  of  sodium,  and  the  solution  deposits  crystalline  crusts  containing  variable  quan- 
tities of  manganese,  and  probably  consisting  of  sodic-oialate  having  oxalate  of  man- 
ganese mechanically  inclost*d  within  it  (Souchay  and  Lensnen.) 

Oxalates  of  Mercury. — a.  Mercurotm  Oxalate,  C'Hg’O*,  is  obtained  in 
the  anhydrous  state  by  heating  merciiricoxalate  to  164®.  It  is  also  pnxluced  by  heating 
mcrcorou.s  nitrate  with  excess  of  oxalic  acid,  as  a white  preeijutate,  which  i.s  insoluble 
even  in  hot  water,  and  obstinately  re  tains  hygroscopic  water,  from  which  indeed,  it 
cAonol  be  freed  without  decomposing  into  mercuric  oxalate  and  metallic  mercury  ; this 
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decomposition  t&kinff  place  at  100^.  The  same  products  are  obtained  when  merenroas 
oxide  is  bented  with  oxalic  add. — The  anhydroos  salt  obtained  by  the  first  method, 
begins  to  decompose  only  at  176^  (Souchayand  Lenssen).  According  to  Harff 
(X.  Br.  Arch.  t.  264)  mercorous  ouUte  obtained  by  precipitation  and  dried  at  100^ 
contains  C*Hg*0VH*0. 

Mercnrous  oxalate  is  insoluble  in  oxalic  acid,  easily  soluble  in  hot  nitric  add ; in 
cyanide  and  sulphoc^anate  of  potassium,  it  dissolres  reiy  easily,  with  separation  of 
metallic  mercury ; it  is  also  somewhat  soluble  in  ammonia-salts.  Heated  with  oxalate 
of  potassium,  senium,  or  ammonium,  it  forms  double  mercuric  oxalates,  with  separation 
of  mercury.  It  detonates  when  heated. — With  ammonia  it  forms  a greyish-black 
powder,  supposed  by  Harflf  to  be  3Hg*0.2NH'.C^0’ ; it  does  not  howerer  appear  to  be 
of  constant  composition.  (Souchay  and  Lenssen.) 

Mercuric  Osa/aie.  C*HgfO*. — Obtained  pure  as  a white  amorphous  powder,  by 
adding  a solution  of  mercuric  uitmte  to  excess  of  oxalic  acid,  or  by  prolonged  digestion  of 
yellow  mercuric  oxide  with  oxalic  acid  (Souchay  and  Lenssen).  It  is  decomposed 
iiy  heat,  giving  off  carbonic  anhydride  and  metallic  mercury.  When  dir,  it  detonates 
violently  on  being  rubbed.  It  is  easily  soluble  in  hydrochloric  acid,  less  soluble  in 
cold  nitric  acid,  insolublo  in  oxalic  acid.  Decomposed  by  carbonate  and  phosphate  of 
sodium.  Heated  with  solution  of  sal-ammoniac,  it  gives  off  carbonic  anhydride,  and 
yields  oxalate  of  ammonium  and  mercurous  chloride.  (Souchay  and  Lenssen.) 

Ammonio-mercun'c  Oxalate.  C^Hg"(XH*)*0*.2H*0. — Precipitated  on  adding  recently 
precipitated  mercuric  oxalate  to  a tailing  concentrated  solution  of  neutral  oxalate  of  am- 
monium, in  white  microscopic  needles,  easily  decomposed  by  light  and  heat.  Loses 
12’5  per  cent,  of  its  weiglit  at  100^,  and  decomposes  with  a hissing  noise  at  a higher 
temperature,  leaving  no  residue.  It  is  decomposed  by  water,  and  does  not  dissolve  in 
alcoliol  or  ether.  (Souchay  and  Lenssen.) 

Oxalate  of  Tetra-mercurammonium  has  been  already  described  (iii.  918). 

Potateio- mercuric  Oxalate.  C^Hg”K*0*.2H*0. — Prepared  like  the  precedii^.  Small 
white,  beautifully  iridescent  crystalline  scales,  which  under  the  microscope  appear  like 
square  prisms.  It  is  decompo^  by  water  gives  off  water;  and  turns  black  at  100^; 
and  is  partially  decomposed  by  light.  (Souchay  and  Lenssen.) 

Mercuric  oxalate  does  not  dissolve  in  oxalate  of  sodium. 

Oxalate  op  Moltbdbxcm  (Berzelius,  Pogg.  Ann.  vi.  348).  Molvhd^yus 
Oxalate. — Dark  grey  precipitate,  whi<^  turns  black  when  dried,  and  is  sparingly  sol- 
uble in  excess  of  oxalic  acid. 

Potaesio-molybdoue  Oxalate  is  pnrole  and  soluble  in  water. 

Molybdic  Oxalate  crystallises  in  blackish-blue  crystals  when  the  ac^oeoos  solntion  is 
left  to  evaporate  spontaneously.  From  its  solution  in  water,  which  is  red,  ammonia 
throws  down  a pale  brick-red,  basic  salt  insoluble  in  excess  of  ammonia. 

Potassio^molybdic  Oxalate  formed  by  digesting  molybdic  hydrate  in  salt  of  sorrel  is 
soluble  in  water.  (Berzelius.) 

Motybdos(h^olyMic  Oxalate.  Blue  oxide  of  molybdenum  dissolres  in  oxalic  add, 
forming  a blue  solution  which  leaves  a blue  mass  when  evaporated,  becomes  green 
when  diluted  with  a small  quantity  of  water,  but  brown  on  being  mixed  with  a large 
quantity.  (Heyer,  Crell.  Ann.  1784,  ii.  14.) 

Oxalato-molyhiie  acid  is  formed  by  digesting  molybdic  trioxide  with  aqneous  oxalic 
acid.  The  solution,  which  is  colourless  even  when  the  molybdic  add  is  in  excess,  vields 
on  evaporation  a colourless  jelly  which  becomes  crystalline  without  further  dessiation, 
dissolves  in  water,  and  with  yellow  colour  in  alcohol  (Berzelius.)  The  aqueous  solu- 
tion of  salt  of  sorrel  readily  dissolves  molybdic  add,  forming  a non-crystallisable 
oxalato-molybdate  of  potassium,  (Berzelius.) 

Oxalate  of  Nickel,  C*NrO*.2H*0.  Greenish-white  precipitate  insoluble  in 
water,  soluble  in  ammonia  and  in  ammoniacal  salts.  It  dissolves  also  in  potash,  form- 
ing a crystallisable  potassio-nickel-cxalate. 

Neutral  oxalate  of  ammonium  dissolves  oxalate  of  nickel,  and  the  solution  yields  by* 
evaporation  green  prisms  of  aminonio-nickel-oxalaie.  On  adding  to  the  aqueous  solution 
of  tliis  salt  a small  quantity  of  ammonia,  a pale  green  precipitate  is  formed,  consisting, 
according  to  Winckelblech  (Ann.  Ch.  Pharm.  xiii.  278),  of  oxalate  of  nickel  and 
nkkd'ammoniu7n,  C*Ni*'(N’H*Ni")''O“.6H*0. 

Oxalate  of  Hickel’cobalt-ammonxum,  (see  p.  268). 

Oxalate  op  Palladium. — Alkaline  oxalates  added  to  a solution  of  palladious 
nitrate,  form  a light  yellow  precipitate. 

Ammonio-palladious  Oxalate,  C*Pd"(Nn*)*OV2H®0,  obtained  by  dissolving  hydrate  or 
carbonate  of  palladium  in  acid  oxalate  of  ammonium,  crystallises  in  bronze-vdlow  rhom- 
boVdal  prisms  containing  2 at.  water,  or  sometimes  in  needles  containing  8 at,  wafer. 

Oxalates  of  Platinum,  o.  Piatinous  Platinate  of  sodium  dissolves 
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in  warm  aqaeoun  oxalic  acid,  carbonic  anhydride  being  evolved,  and  the  platinic  oxide 
reduced  to  platinons  oxide.  The  aolution,  which  baa  firat  a red,  then  a violet,  and 
oltimately  a deep  indigo  colour,  deposits  dark  copper-cobured  needles,  which  were 
supposed  hy  Ddbereiner  (who  did  not  analyse  them)  to  bo  platinoua  oxalate ; but, 
according  to  Souchay  andLensaen,  they  contain  44'4percent.  platinoua  oxide,  and  1200 
soda,  agreeing  nearly  with  the  formula  of  sodio-platinous  oxalate,  C*Na^Pt''0*.2H‘‘0. 
This  salt,  when  moist,  is  decomposed  by  exposure  to  the  air ; it  dissolves  in  hot  water, 
forming  a greenish  solution,  which  becomes  blue  on  evaporation,  and  is  decolorised  by 
hydrochloric  acid.  It  la  insoluble  in  alcohol  and  in  ether  (8ouchay  and  Lenaaen). 
It  explodes  when  heated.  (Ddbereiner.) 

B.  Platinic  soli. — According  to  Bergmann,  the  precipitate  formed  by  soda  in  solution 
of  platinic  chloride  diaaolvea  in  oxalic  acid,  forming  a yellow  solution  which  yields 
crystals  of  the  same  colour;  but  they  have  not  been  analysed. 

The  oxalates  of  the  platinammoniums  will  be  described  under  P).aTiMm-BASES. 

OxxLATBs  or  PoTASSirM.  UnUral  8ali,(PK*0*Jl-0. — Obtained  by  saturat- 

ing either  of  the  acid  salts  with  carbonate  of  potassium.  It  forms  transparent  crystals 
very  soluble  in  water,  insoluble  in  alcohol,  and  mving  off  their  water  (9*7  per  cent.)  at 
160^.  The  crystals  are  monoclinic,  and  often  have  their  faces  twisted,  so  that  they 
exhibit  concavities  and  convexities.  Dominant  faces,  + P . — P . ooPao  . + Pco  . 
— Poo  . oP.  Ratio  of  axes,  a : b :c  = 0*6748  : 1 : 1*1672.  Anglo  of  axes,  b:  e ^ 

69-5®;  + Poo  : ooPoo  = 130®  36';  - Poo  : oePoo  = 148®  20';  + Poo  ; oP  - 

118®  40';  - Poo  : oP  « 142®  10*;  - P : oP  « 126®  10';  + P : oP  « 106®  64'; 

+ P:  - P = 127°  10';+  P;  odP«  113°  35';  - P:  ooPoo  = about  129®  (De  la 

Provostaye,  Ann.  Ch.  Phys.  [3]  iv.  454).  According  to  B6rard,  neutral  potassic 
oxalate  sometimes  crystallises  with  3 at.  water. 

B.  Acid  salt,  Dioxalaie  or  Binoxalate  of  Potassium,  Salt  of  Sorrel,  C’HKO^ — 
This  salt  ie  contained  in  the  juice  of  various  species  of  Ruttux  and  Oxalis,  whence  it 
may  be  extracted  by  clarifying  the  juice  with  clay,  white  of  egg,  or  bullock’s  blood, 
and  leaving  the  clear  liquor  to  crystallise ; it  is  prepared  by  this  process  in  large 
quantities  m the  Black  Forest.  It  may  also  be  prepared  by  partially  neutralising 
oxalic  acid  with  carbonate  of  potassium.  It  forms  transparent  crystals  which  have  a 
sour  taste,  redden  litmus,  dissolve  sparingly  in  cold  water,  and  in  14  pts.  of  boiling 
water  (Wenzel);  in  4 pts.  of  boiling  water  {Wdtrien's  Syst.);  in  40  pts.  of  cold 
and  6 pts.  of  boiling  water  {Berz.  Lekrb.\  nearly  or  quite  insoluble  in  cold  alcohol, 
solnble  in  34  pts.  of  boiling  alcohol  (see  Storer’s  Dictionary  of  Solubilities,  p.  428). 

The  crystals  of  salt-of-sorrel  are  commonly  said  to  contain  1 at.  water;  C*HKO^ 
H*0.  According  to  De  la  Provostaye  {loc.  CT7.)they  probably  belong  to  the  trimetric 
system,  having  their  axes  in  the  ratio  0*9494  : 1 : 4*123  and  exhibiting  the  combina- 
tion Poo  . oePao  . oePoo  . ?co  . P^  . P^.  Angle  : cePoo  103®  38';  cepgo  : 
P*  - 133°  26*;  Poo  : P«  » 132°;  Poo  : P|  « 130®  35';  P®  : P|  « about 
149®  50';  P«  : = 127®  60. 

According  to  Rammelsberg  (Pogg.  Ann.  xciii.  24),  the  crystals  obtained  by  half 
tatorating  oxalic  acid  with  carbonate  of  potassium  contain  4C^HKOVH'0,  and  are 
trimctric,  having  their  axes  a : 5 : c «■  0*9478  : 1 : 0*6876,*  and  exhibiting  the  combi- 
nation P : 2P.  ocP  . odP®  . oP  : ?P® , only  half  of  the  pyramidal  and  prismatic  faces 
however,  being  commonly  present.  Angle  oP:  7P«  -•  103®  40' ; /P«  : 7P®  (basal)  — 
152®  40' : 2P  : oeP  = 149°  39';  P : oP  >=»  139-'  30'.  Cleavage  perfect  parallel  to  oP. 

According  to  Marignac  {Rccherches  sur  hs  formes  cristallincs  de  quciques eumposes 
duJTtiquet,  Geneve  1865;  Jahresb.  1866,  p.  462),  the  ordinary  crystals  of  salt-of-sorrel 
ATP  anhydrous  ((PHKO*),  and  belong  to  the  monoclinic  system  exhibiting  the  combination 
«P  . *Poo  , [ »P«  ] . op  . [P«  ] . [2P®  ] . P . + 2P2  + ^P® . Angle  ®P  : ®P 
(clinod.)  s*  152®  36';  [P«  ] : [P»  ] (clinod.)  = 119®  40  ; [2P®  ] : [2P®  ] (clinod.) 
* 81®  24';  oP  : ®P®  - 133^^  29';  oP  : wP  - 131®  bT \ [®P«]  : 120® 

Uf  ; [®P®]  : + 2P2  « 122®  13'.f  Cleavage  very  easily  parallel  to  oeP®  ; less 
easily  parallel  to  [ ®P«  ]. 

In  preparing  potassio-antimonic  oxalate  (n.  262),  Rammelsberg  obtained  crystals  of 
acid  potajssic  oxalate  containing  2C*HKO*.H*0.  These  crystals,  which  effloresced  very 
quickly,  were  trimetxic  prisms  exhibiting  the  combination  «P  . »?2  , ®P®  . P . 
3P3.  Ratio  of  axes,  a ; 6 : c 0*4690  : 1 ; 6*1959.  Angle  «P  : »P  «»  130®  42'. 
These  measurements  have  been  confirmed  by  Marignac. 

Acid  oxalate  of  potassium  is  used  as  a weak  acid  for  sconring  metals;  also  for 
removing  ink-stains  and  iron-mould,  the  double  oxalate  of  iron  and  potassium  being 
soluble  in  water. 

* la  De  U Provoetaye**  neaforenenti,  the  primary  form  >•  a pyramid  with  iu  axil  Mven  time*  ai  long 
M in  (hoM  of  EammeUberg. 

t The  (ecei  here  denoted  by  [ *Pc  ] and  + SPX  were  regarded  by  Rammeliberg  as  b.  longing  to  a 
riMKBbie  prism. 
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Hv^(Kid  salt.  Tttroxalate  or  Qaadroxalate  of  Potassium,  C*H*K0*.2H*0  or 
C*Hlf0VC^H*0*.2H'0. — This  salt  discovered  by  Savary  and  Wiegleb,  and  analysed 
by  Wollaston  (Phil.  Trans.  1808,  p.  99),  is  prepared  by  saturating  1 pt.  of  oxalic  acid 
with  carbonate  of  potassium,  adding  3 pts.  of  oxalic  acid  and  leaving  the  solution  to 
crystallise.  A solution  of  equal  parts  of  oxalic  acid  and  chloride  of  Mtassium  also 
deposits  this  salt  in  crystals  on  cooling.  (Anderson,  Chem.  Soc.  Qu.  J.  i.  231.) 

Hyperacid  oxalate  of  potassium  crystallises  in  beautifuj  triclinic  prisms,  sometime# 
of  large  dimensions.  Dominant  combination  oo 'P  . oopoo  . ooP^'  . ooPso  . 2 P,  oo  . 
oP  . 2^P'oo,with  the  secondary  faces  go  , iP'oo,  P',  'P,  JP',  P'iJ,  */PI.  P. 
Axes  a : b : c » 2'10044  : 3*2655  : 1,  the  axis  a iieing  supposed  vertical,  b directed 
from  left  to  right,  c towards  the  observer.  Angle#  of  the  axes  a » 96^  ; 0 » 

79®  29' ; 7 • 97®  5'.  Inclinations  of  faces  oP  : ooP/  » 82®  3(/ ; ooPao  wp^'  — 
111®  20';  P;  : »;P  » 146®  33*;  oP  : 2^®  - 144®  30*;  2'P,  ® : »P®  - 
119"  25';  oP  : 2^P' ® 148®  10';  2^?*®  : wP®  127®  5.V  (De  la  Provoataye, 

loc.  cit.  The  measurements  have  been  confirmed  by  Bammelsbeig).  The  ciystals 
solve  in  20*17  pts.  water  at  20®  and  give  off  their  water  of  crystaliLBation  at  128®. 

According  to  B^rard,  this  salt  is  sometimes  met  with  in  commerce  as  salt  of  sorrel, 
according  to  Gmelin,  when  the  latter  is  prepared  by  half  neutralising  oxalic  acid  with 
carbonate  of  potassium. 


OxALATSs  OF  RuBiDiCM.  The  fieutrol  Salt,  C*Rb*0*.H*0,  cr3r8tallisesby  slow 
evaporation  of  a cold  saturated  solution,  in  irregular  imperfectly  developed  monocUuic 
crystals  isomorphous  with  those  of  the  neutral  potassium-salt  and  exhibiting  the  com- 
bination P . ®r®  . + P®  . oP.  The  inclinations  of  the  faces  are  approximately 
+ P:  + P(clin.>  = 73®;  - P:  + P (basal)  = 122  to  113J‘»;  »P®  : - P - 
129®  to  130®.  (Piccard,  J,  pr.  Chem.  Ixxxvi.  449.) 

The  acid  salf^  C*lIKbO*,  forms  small  monoclinic  crystals,  Isomorphous  with  the  acid 
potassium-salt,  and  generally  exhibiting  the  combination  »P  . [®P®].  [P®  1 • 
[2P«].oP.  Approximately,  odP  : ®P  (din.)  — 162®  30';  [P®j  : [P*  ].  in  Ae 
same  = 122®;  [2P®  ] : [ ®P®  ] » 137®  45'.  The  prismatic  faces  are  vertically 
striated.  (Piccard.) 

The  ht/peracid  saH,  C*H’RbO*,  is  obtained  in  large  crystals  by  dissolving  the  acid 
salt  in  dilute  nitric  acid,  and  leaving  the  solution  to  evaporate.  (Grandeau,  Ann.  C%. 
Phys.  [3]  Ixvii.  155.) 

OxALATB  OF  SILVER.  C“Ag*0^ — Obtained  pure  and  anhydrous  as  a white 
crystalline  precipitate,  by  adding  oxalic  acid  to  nitrate  of  silver.  It  is  very  sparingly 
soluble  in  cold,  somewhat  more  in  hot  water,  perfectly  insoluble  in  alcohol  and  ether. 
It  dissolves  readily  in  ammonia  and  carbonate  of  ammonia ; the  solution  turns  brown 
when  exp>seil  to  light,  and  when  slowly  evaporated  in  the  dark,  yields  the  oxalate  of 
silver  in  large,  hanl.  sinning  prisms.  It  decomposes  between  119®  and  150®.  and  de- 
tonates when  suddenly  heat^.  With  iodide  of  methylene,  oxalate  of  silver  yields  dioxy- 
methylene,  C7IP<)*  together  with  iodide  of  silver  and  a mixture  of  carbonic  anhydride 
and  carbonic  oxide  (Butlerow,  iu.  1006). — With  chloride  of  bmcylene,  ii 

yields  by  a similar  reaction,  bitter  almond  oil: 

Cm*C\*  + Cr*Ag*0*  ^ C^H'O  + 2A^  + CO*  + 0. 

With  iodide  of  ethylene,  on  the  contrary,  it  yields  nothing  but  iodide  of  silver  and  a 
mixture  of  carbonic  anhydride  and  carlKmic  oxide  : 

C*J1‘1*  + C»Ag*0*  - 2AgI  + CO*  + CO. 

Similarly  witli  bromide  of  amylene.  (Oolowkinskv,  Ann.  Ch.  Pbarm.  cxi.  252.) 

(C*OTw,. 

Ammonio-oxalate  of  Silver,  4yH*.C*Ag*0*  *»  Ag*  is  obtained  as  a spongy 

IP* 


tumefied  mass  by  passing  dry  ammonia-gas  over  dry  oxalate  of  silver.  It  is  easily 
soluble,  ha.s  an  alkaline  reaction,  and  is  decomposed  by  acids  with  separation  of  oxalate 
of  silver.  (Souchay  and  Lenssen.) 


Oxalates  OF  Sodium.  The  neutral  salt,  (7Na*0*,  occurs  in  a great  number  of 
plants,  and  is  found  in  varech,  by  the  incineration  of  which  carbonate  of  sodinm  is 
obtained.  It  is  anhydrous  and  difficult  to  obtain  in  regular  crystals.  1 pt.  of  it  dissolves 
in  26*78  pts.  water  at2P8®,and  in  16  pts.  of  boiling  water  (Pohl);  in  36*4  pts.  water 
at  ordinary  temperatures  and  24  6 pts.  boiling  water.  (Rammelsberg.) 

The  acid  oxalate,  C*HNaO*.H*0,  forms  crj’sfals  which  reddt'n  litmus. 

Sodio^p^taesic  oxalate  has  not  been  obtained.  A boiling  solution  of  salt  of  sorrel 
neutralists!  with  carbonate  of  sodium  yields  on  cooling  or  evaporation  nothing  but 
neutnd  oxalate  of  sodium.  (Rammelsberg.) 

OxALATBS  or  .StHoyTiUM.  The  neutrul  salt,  C^Sr"O*.H*0,  obtained  by  pre- 
cipitating a sfronlium-iiHlt  with  a neutral  alkaline  oxalate,  is  a white  powder  solnble  in 
19*20  pis.  of  boiling  water,  sp.aringly  soluble  in  cold,  easily  iu  hot  solutions  of  chloride 
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or  Ditrat«  of  ammoniam ; retains  its  water  of  crystallisation  at  100^.  Wicke«(ADO. 
Cb.  Pborm.  xc.  108),  by  precipitating  nitrate  of  strontium  with  oxalic  acid,  obtained 
a alt  in  microscopic  square-based  octahedrons  containing  C*Sr^0*.3H*0. 

Jcid  taU. — Clapton  (Chem.  Soc.  J.  vi.  123),  by  mixing  concentrated  solutions  of 
oulic  add  and  chloride  of  strontium,  obtained  crystals  intermediate  in  composition 
between  the  neutral  and  acid  oxalaU^s  of  strontium.  Souchayand  Lens  sen  once 
obuioed  a salt  containing  C*Sr'0VC*II*0*.2H’0  or  C*H*Sr''0*.2H*0,  by  mixing  a 
rather  strong  solution  of  c&oride  of  strontium  with  1 or  2 measures  of  strong  hydro- 
cbiorie  acid,  and  3 or  4 measures  of  solution  of  oxalic  acid  saturated  at  60^.  After 
itasdiog  for  some  days  at  0*^,  the  liquid  deposited,  toother  with  oxalic  acid  and  the 
neatral  salt,  crusts  of  an  acid  salt,  consisting  of  higUy  lustrous  prismatic  crystals 
vilb  pynmidal  summits,  mostly  united  in  ge^es.  These  crystals  effloresced  in  the 
air,  and  were  resolved  by  water  into  free  oxalic  acid  and  the  neutral  salt.  They  gave 
bj  analjeis  34  0 per  cent,  strontia,  the  formula  requiring  34*4  per  cent. 

OiALATE  OF  Taxtaluu  ? Oxalic  acid  dissolves  only  atrace  of  tantalic  oxide, 
bat  salt  of  sorrel  dissolves  it  in  considerable  quantity,  forming  a colourless  solution 
from  which  alkalis  throw  down  tantalic  oxide.  (Berzelius.) 

OxALXTB  OF  Tellubith?  Oxslic  scid  dissolves  telluric  hydrate,  and  the 
•olotioD  yields  radiate  crystalline  grains  which  dissolve  easily  and  without  decomposition 
inwater.  (Berzelius.) 

Oxalates  of  Tballiuv.  The  neutral  so/f,  C*T1*0\  is  prepared  by  boiling 
together  equivalent  quantities  of  thallic  carbonate  and  oxalic  acid  in  just  sufficient 
FAter  to  dissolve  the  product  while  hot.  On  cooling,  the  oxalate  crystallises  in  small 
white  lustrous  prisms  (Crookes, Chem.  Soc.  J.  xvii.  150);  in  small  nearly  right-angled 
fyur-sided  lamina  (Kuhlmann,  Compt.  rend.  Iv.  607).  It  dissolves  in  69*3  pta  water, 
it  lo  o®  and  in  1 1 pts.  boiling  water  ; insoluble  in  alcohol.  Hydrochloric  acid  converts  it 
into  a epongy  mass  of  chloride  of  thallium.  It  may  bo  heated  to  271°  without  appre- 
ciable luss  of  weight ; but  decomposes  at  u red  heat,  leaving  a mixture  of  oxide  and 
metallic  thallium.  (Crookes.) 

Theon'rfaa/^,  C’HTIOMHO,  crj’.Htallises  in  large  pearly  plates  which  are  slightly  efflor- 
e'etrijt  and  give  off  their  water  at  138®.  Dissolves  in  18'7  ptn.  water  at  15*6®  and  in 
I'-M  than  its  own  bulk  of  l>oiliDg  water,  forming  a syrupy  solution.  It  is  strongly  acid 
lo  test-paper.  (Crookes.) 

Oxalate  of  Tuorimcw.  CT'h''0*.H*0. — Hea\7  white  precipitate  insoluble  iu 
vater,  very  slightly  soluble  in  oxalic  acid  or  in  dilute  mineral  acias.  (Berzelius. 
Cbydeniua,  Pogg.  Ann.  cxix.  43.) 

tamo-thvrinic  oxalatr.  White  predpitato  insoluble  in  water  and  in  aqueous  oxalic 
acid.  Turns  black  when  ignited,  and  then,  if  in  contact  with  the  air,  leaves  a white 
mixture  of  ihorina  and  carlwnate  of  potassium.  (Berzelius.) 

OxALATF.s  OF  T I .V.  o.  jS/o n M o M.9  SO f fs. —The  Salt  C*Sn  OMs  obtained  easily 
A&d  in  large  quantity  by  pouring  a solution  of  tin  in  acetic  acid  into  boiling  aqueous 
01*! ic  acid.  The  stannous  oxalato  being  nearly  insoluble,  separates  immediately  in 
^hiaiug  neutral  anhydrous  needles  resembling  artificially  crystallised  calcic  sulphate.  It 
u msoluble  in  cold  water,  and  is  partially  decomposed  by  boiling  water,  with  production 
of  a white  .••alt  (Uausmann  and  Lowentbal,  Ann.  Ch.  Pharm.  Inix,  104).  This 
salt  treated  w'ith  warm  caustic  ammonia  yields  white  stannous  hydrate,  but  with 
* Bomewhat  concentrated  solution  of  caustic  potash,  it  yields  anhydrous  stannous  oxide. 
Hydrochloric  acid  at  the  boiling  heat  dissolves  an  almost  unlimit^  quantity  of  stannous 
oxalate;  and,  as  the  solution  cools,  the  whole  of  the  oxalic  acid  is  deposit^  in  crystals, 
while  stannous  chloride  remains  in  solution : but  if  a little  water  be  added  to  the 
wIntioD,  stannous  oxalate  crystallises  out.  (R,  Bottger,  J.  pr.  Chem.  Ixxvi.  238.) 

Stannous  oxalate  dissolves  in  the  oxalates  of  ammonium,  potassium,  and  sodium, 
forming  double  salts. 

Ammmiw-ttannoua  oxaJatf,  C^Sn*(NH*)*0■.^’0,  is  obtained  by  dissolving  stannous 
oxalate  in  aboiling  concentrated  solution  of  oxalate  of  ammonium,  and  mixing  the  solu- 
tion when  cold  with  alcohol.  It  then,  after  some  time,  depewits  the  double  salt  in  stellate 
groopsof  needles  which  effloresce  in  the  air,  are  insoluble  in  alcohol,  and  have  a very  sweet 
taste.  The  concentrated  solution,  when  left  to  itself  for  some  time,  deposits  stannous 
oxalate  (Hausmann  and  Lowenthal).  This  salt  is  isomorphous  with  the  potas- 
siunj-salt  (iw/.);  it  fuses  and  detonates  when  heated.  (Bouquet,  Ann.  Ch.  Pharm. 
Ixiv.  278.) 

P<.‘ta$gio~$tannov8  oxalate.  Obtained  : 1.  By  dissolving  recently  precipitated  stan- 
nous oxidate  in  a hot  concentrated  solution  of  neutral  oxulate  of  potassium  ; purified  by 
ye^Tyrtallisation  (Hausmann  and  Lowenthal), — 2.  By  treating  acid  oxalate  of 
p^tassiam  with  a large  excess  of  stannous  oxide  (Bouquet). — Transparent,  colourless 
pri-sniatic  crystals  which  dissolve  readily  in  hot  water,  less  readily  in  cold  water,  and 
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an  intolnble  in  alcohol  (HauBmannandLowenthal). — Bouquet's  salt  forms  lai^a 
colourless  crystals,  which  dissoWe  readily  in  cold  water,  formioff  a solution  which  be- 
comes milky  after  a while,  and  decomposes  quickly  when  boilea,  yielding  first  a white 
gelatinous  and  afterwards  a black  precipitate.-'-Tbe  salt  has  a strong  sweet  ta.'-te,  but 
leares  a bitter  after-taste.  It  reddens  litmus,  and  is  not  decomposed  when  hcutiKi  at 
100^  in  contact  with  the  air.  (Uausmann  and  Lbwcnthal.) 

Sodio-ttannou8oxalait.  Prepared  like  the  potassium  salt  which  it  resembles  (H.  and 
L.).  Anhydrous  and  crystallisablc  (Bouquet) 

A.  Siannicsalt.  R^ently prepared  stannic  oxide  (obtained  by  precipitating  a solu* 
tion  of  stannic  chloride  with  sulphate  of  sodium)  dissoWes  readily  in  warm  oxiilic  acid, 
and  a nearly  saturated  solution  yields  by  evaporation  white  shining  laminae  containing 
variable  quantities  of  stannic  oxide,  and  booming  by  re]>eatod  crystallisation  con- 
tinually poorer  in  that  substance,  till  at  length  pure  oxalic  acid  crystallises  out  The  same 
solution  yields,  with  sulphuric,  nitric  or  hydmchloric  acid — alM  with  alkalis,  alkaline 
carbonates,  chlorides,  nitrates,  sulphates,  &c. — white  precipitates  soluble  in  water  and 
containing  12SnO*.C*OM2H*0.  The  precipitate  formed  by  the  fixed  alkalis  or  their 
carbonates  becomes  insoluble  in  water,  when  left  in  contact  with  it  for  some  time  or 
hoattxl  with  it.  (Hausmann  and  Lbwcnthal.) 

OxALaTB  OP  Titanium.  Precipitated  in  the  form  of  a curdy  moss,  on  boiling 
an  aqueous  solution  of  a titanic  salt  mixed  with  oxalic  acid  (Laugier).  Any  ferric 
oxide  that  may  be  contained  in  the  liquid  remains  in  it  for  tlie  most  part.  The  dried 
precipitate  imparts  to  moist  litmus-paper  a red  tint,  which  nearly  disappears  on  drying. 
The  precipitate  is  soluble  in  excess,  both  of  aqneous  oxalic  acid  and  of  hjdrochlorate  of 
titanium.  Contains  12Ti0*.C*Ti0M2lI*0.  Rose.) 

OxALATBS  OF  Ubanium.  a.  Uronous  aalia. — Uranous  oxalate,  C’U"0*.3H*0, 
is  a greenish-white  precipitate  obtained  by  mixing  a solution  of  uranous  cliloride  with 
oxalic  acid;  gives  off  2 at.  water  in  vacuo. 

Ammtmio-uranoua  oxalaU.  C*(NH*)*U*0*  is  obtained  in  crystals  b^  boiling  recently 
precipitated  uranons  hydrate  in  a solution  of  acid  oxalate  of  ammonium  (Kammels- 
berg). — Potaaaio-uranoua  oxalaU  obtained  in  a similar  manner  is  a grey  j>owder. 

/9.  Vranie  salts.  Uranic  oxalate  or  Oxalate  of  fJrany/,  C*(U*0*)"0*.3H*0.  is  de- 
posited in  crystalline  grains  on  mixing  a warm  concentrated  solution  of  uranic  nitrate  with 
oxalic  acid,  and  leaving  the  solution  to  cooL  The  air-dried  salt  heated  to  100® — 120® 
gives  off  nearly  9 per  cent.  (2  at.)  water,  which  it  takes  up  again  on  exposure  to  the 
air;  at  300®  the  mono-hydrated  salt  turns  brown  and  is  converted  almost  instantly, 
with  evolution  of  water  and  carbonic  anhydride,  into  a copper-coloured  powder  of 
uranous  oxide,  which  by  ignition  in  the  air  is  converted  into  green  uranoso-umnic 
oxide;  C*(U^OTO*  - 2UO  2CO’,  (Ebelmen,  Ann.  Ch.  Phys.  [3]  v,  189.) 

Uranic  oxalate  is  nearly  insoluble  in  cold  water,  dissolves  in  30  pts.  of  boiling  water, 
is  more  soluble  in  acids,  and  dissolves  easily  in  the  oxalates  of  ammonium  and  potas- 
sium, forming  double  salts  which  crystallise  on  cooling. 

Amjnonio-nramc  oxalate,  C*(NH*)*(U*0’)'*0*.4H*0,  is  obtained  in  fine  transparent 
yellow  crystals  by  dissolving  uranic  ox^ate  in  warm  aqueo^  ammonia(P^ligot),  The 
ciystals  are  trimotric  prisms,  exhibiting  the  combination  roo  . ooP»  . ocf  2 . oeP.  or.I’ao  , 
Axn  a : h:e  = 0'6686  : 1 ; 0-5941.  Angle  foo  : l*oo  = 112°  28' : ootoo  ; *1*2  = 
139“  55' : *^2  ; ooP  = 160°  45' : foo  ; *f'2  ..  115°  15';  f®  : *P  = 100°  30'. 

Poiaasio-uranic  oxalate,  C*K*(U‘0*)''0*.3U’0,  forms  monoclinic  prisms  permanent  in 
the  air  and  giving  off  all  their  water  of  crystallisation  at  100®.  Dominant  faces  ocp, 
ooPao , oP.  Angle  odP  ; ooP  v 131®  2^  ; ceP  ; gcPx  114®  20*;  oeP  ; oP 
111®  28*.  (Ebelmen.) 

Oxalates  of  Vanadicm. — Vayiadic  ojr<7/a/c.— Aqueous  oxalic  acid  saturated 
with  hydrated  vanadic  oxide  yields  on  evaporation  a light  blue,  translucent  gtJm,  which 
dissolves  slowly  in  cold  water,  more  quickly  in  hot  water.  The  aqueous  solution  mixed 
with  a largo  quantity  of  oxalic  acid  yields  by  spontaneous  evaporation  blue  crystals 
readily  soluble  in  water.  (Berzelius,  Pogg.  Aun.  xxii.  33.) 

Poiaasio-vanadic  oxalate.  Salt  of  sorrm  saturated  with  hydmted  ^'n^adic  oxide 
dries  up  to  a dark  blue,  amorphous  varnish,  which  dissolves  slowly  in  water.  (Ber- 
zelius.) 

Oxalo-vanadtc  acid.  Wlien  vanadic  oxalate  is  evaponitod  with  nitric  acid,  and  the 
residue  treated  with  water,  the  greater  part  dissolves,  forming  a yellowish-red  solution, 
which  on  evaporation  leavc.s  ox^o-vnoadic  acid  in  the  form  of  a rt'ddish-^ellow,  amor- 
phous extract,  likewise  soluble  in  water.  An  excess  of  oxalic  acid  immediately  reduces 
the  vanadic  acid  to  vanadic  oxide.  (Berzelius.) 

Oxalate  of  Yttrium,  C^Y”0*.3H-0. — White  precipitate,  bulky  and  cunly  at 
first,  but  shrinking  together  after  a while  ; inwduble  in  water,  aqueous  oxalic  aud  dilute 
h}"druchloric  acid,  but  soluble  in  nitric  and  in  strong  hydrochloric  acid  (Berlin). 
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This  description  applies  strictly,  not  to  pure  oxalate  of  yttrium,  but  to  a mixture  of  the 
oxalates  of  yttrium,  erbium,  and  terbium ; the  pure  yttrium^salt  is  more  soluble  in 
acids  than  the  oxalates  of  erbium  and  terbium,  a property  which  affords  the  means  of 
sfparatiug yttria  from  erbia  and  terbia.  (Mosander.) 

Oxolati  of  yttrivtm  and  potassium^  is  a heavy  white  precipitate,  insol- 

nble  in  water. 

OxALATB  OF  Zisc,  C*Zn'*0^2H*0.— -White  precipitate,  iDsoluble  iu  Water,  sol- 

uble in  hydrochloric  acid  and  in  ammonia,  also  in  a warm  solution  of  sal-ammoniac. 

Oxalate  of  rinc  and  ammonium. — a.  Deposited  in  needles  when  oxalic  acid  is 
added  to  an  aqueous  solution  of  chloride  of  zinc  supersaturated  with  ammonia.  (Wack- 
enroder,  Ann.  Ch.  Pharm.  x.  63.) 

6.  When  an  aqueous  solution  of  acid  oxalate  of  ammonium  is  digested  with  car- 
bonate of  zinc  till  it  is  completely  saturated,  oxalate  of  zinc  separates  out,  and  the  tU- 
L*ate  when  evaporated  leaves  milk-white  nodules,  containing  C*(NH^)*Zn''0‘*.3H*0, 
wbicb  slowly  effloresce  and  give  off  water,  are  nearly  insoluble  in  cold  water,  but  are 
decomposed  by  bot  water,  with  separation  of  carbonate  of  zinc.  (Kayser,  Pogg.  Ann. 
lx.  140.) 

Oxalate  of  zinc  and  potaaaiunu  C^K*Zd’’0*.4H*0.— A concentrated  solution  of 

sormal  oxalate  of  potassium  boiled  for  some  time  with  oxalate  of  zinc,  and  then  filtered, 
jiridz,  on  cooling,  small  transparent  efflorescent  tables,  nearly  insoluble  in  cold  water, 
and  decomposed  by  boiling  water,  with  separation  of  oxalate  of  zinc.  (Kayser.) 

OzALATB  OP  ZiBCONiux. — Oxolic  acid  and  oxalate  of  ammonium  added  to  solu- 
taons  of  zirconium-salts,  throw  down  a white  opaline  flaky  precipitate,  insoluble  in 
water  and  in  boiling  aqueous  oxalic  acid.  (Dubois  and  Silveira.) 

OXJUbXC  ACZX>»  AMXX>B8  OF.  Oxalic  acid,  like  other  dibasic  acids  of  the 
series  should  yield  four  normal  amides  by  elimination  of  water  from  its 

acid  and  neutral  ammonium-salts,  thus : 


C*H(NH^)0*  - 

Acid  amiBOolam-aaU. 

H=0 

- C*H*NO* 

H*  1„ 

1_ 

C*H(NH«)0^  - 

Add  amio<mlum>MU. 

2H’0 

Oxamic  acid. 

= C-HNO*  = 

C*(Nn*)*0*  - 

Neutral  amm<^ 

2H«0 

Oxitnide  (unknown). 

_ CH*N*0»  - 

V 

niuiD'talt. 

Oxamide. 

C*(NH*)*0«  - 

Neutral  ammo- 
pium-ftalL 

4H*0 

- C*N* 

Oxanltrile 

(Cyanogen). 

The  hydrogen  in  oxamic  acid  and  oxamide  may  be  more  or  less  replaced  by  alcohol- 
radicles,  thus  giving  rise  to  alkalamides,  e.g.  Methyl-oxamic  acio,  C*H*(CH*)NO* ; 
diethjloxamide,  C*H*(C*H*)*N*0*,  &c.  (See  Oxamo  Ethers  and  Oxajhdb.) 

There  is  also  a number  of  other  bodies,  chiefly  derivatives  of  uric  acid,  which  may  be 
regarded,  with  respect  to  their  constitution  and  transformation,  but  not  to  their  mode 
of  formation,  as  amides  of  oxalic  acid  of  a more  complex  character,  namely  as  deriving 
from  two  or  more  molecules  of  oxalic  acid  by  addition  of  ammonia  and  abstraction  of 


wt*r, 

(C'O’)"] 

C‘H»N»0‘  = (C’O’)" 

H»  ' 

Dioxaijiamide  or  Alloxan. 

(cwri 

) 

2C*HK)'  + 

2NH>  - 

4H’0 

K* 

1 vt 

2C>H*0«  + 

2NH*  - 

3H«0 

C‘H‘N*0»  = (C’0«r 

H*  ! 

Dioxaljlamic  acid  or  Alloxanic  acid. 


Other  compounds  of  the  same  family  may  be  derived  in  a similar  manner  fix)m  a 
molecule  of  oxalic  acid  and  a molecule  of  another  acid,  thus : 


+ CO»  + 

2SH*  - 

3H*0 

C'H'N'O* 

Parabanic  acid. 

C*H«0*  + CO»  + 

Oulic  uid.  Cjrhonlc 
uihjdrldei 

2NH*  - 

2H»0 

Oxaluric  add. 

CTI«0«  + CH’O*  + 

2NH»  - 

3H-0 

CH'N'O* 

Parabanic  acid. 

2Cm>0*  + CH*0*  + 

Oulic  Mid.  Fonnk  Mdd. 

4NH*  - 

7H*0 

C‘H'N'0* 

Uric  acid. 
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C'H'O*  + 
2C*H»0*  + 

Oxalic  acid. 

CH'O* 

CH>0« 

Formic 

•ci(i. 

+ CO’  + 
+ CO’  + 

Carbonic 

anhydride. 

4NH* 

4NH* 

- SH’O  = OH’N'O*  AUantoIn. 

- 7H’0  - C*H<N'0‘  Oxalaotin. 

C»H»0*  + 
3C*HK)‘  + 
Oxalic  add. 

C’H’O* 

C’H’O’ 

Gljroxulic 

acid. 

+ 2NH*  - 
+ 4XH*  - 

3H’0 

SH’O 

— C*H*N’0‘  Dialiiric  acid. 

- C’H'N'O'  AUoiantin. 

C*H*0‘  + 
C*H*0*  Jr 

Oxalic  ac)<l. 

C’H’O’ 

C’H’O’ 

Glyoxalic 

acid. 

+ CO’  + 
+ CO’  + 

Carbonic 

anhydride. 

4NH’ 

4NH* 

- 6H’0  ..  C’H‘S'0’  Uric  add 

- fiH’O  = C‘H'N'0*  Pacudo- 

uric  acid. 

Al]  these  compoanda  bare  been  or  will  be  described  in  their  alphabetical  places. 
See  also  Uaic  Aai>,  Dbbivatites  or. 


OXAZiZO  STBEXS.  Oxalic  acid  forms  with  monatomic  alcohobradicles  two 
series  of  ethers,  analogous  to  the  neutral  and  acid  metallic  oxalates.  Onlj  those  of 
methyl,  ethyl,  amyl  and  allyl  have  however  been  yet  obtained. 

The  neutral  ethers  of  the  monatomic  alcohol-radicles  are  produced  by  the  action  of 
dehydrated  oxalic  acid  on  the  corresponding  alcohols,  or  by  distilling  the  alcohols  with 
sulphuric  acid  and  oxalic  acid  or  an  oxaUte  ; or  by  passing  hydrochloric  acid  gas  into 
a solution  of  oxalic  acid  in  the  aleohoL  They  are  volatile  without  decomposition  in 
the  dry  state,  but  in  presence  of  water,  bases,  or  acids,  they  are  easily  resolved  into 
oxalic  acid  an«l  an  alcohol.  Sulphuric  acid  decomposes  them,  w*ith  elimination  of  carbonic 
oxide  and  prwlnction  of  carbonic,  or  under  certain  conditions,  of  formic  ethers.  With 
ammonia  they  yield  either  oxamide  or  ethers  of  oxamic  acid.  When  treated  with  the 
ainc-coropounds  of  the  alcohol-radicles  and  afterwards  with  water,  they  yield  ethers  of 
the  lactic  or  glycollic  series.  With  chlorine  they  yield  chlorinated  ethers. 

The  acid  ethers  of  oxalic  acid  have  not  been  so  fully  examined  as  the  neutral  ethers, 
only  those  of  ethyl  and  amyl  being  known.  They  are  obtained  as  bye-products  in  the 
[ireparation  of  the  neutral  ethers  ; ethyl-oxalic  acid  abo  by  the  action  of  tdcoholic  potash 
on  neutral  ethylic  oxalate. 

An  oxalate  of  the  diatomic  radicle  ethylene  appears  to  be  produced  by  the  action 
of  bromide  of  ethylene  on  oxalate  of  silver. 

Oxalate  of  C*1I‘*0*  ■>  C'(C*n*)*0*.  — Produced  by  digesting  oxalate  of 

silver  with  allylic  iodide  and  anhydrous  ether  at  100’^,  and  rectifying.  It  is  an  oily 
liauid,  smelling  like  oxalate  of  ethyl,  with  a slight  admixture  of  the  ^our  of  mustard- 
oil.  Specific  gravity  1*055  at  15®.  Boiling  point  206® — 207®.  (Hofmann  and 
Cahours.) 

Oxalates  of  AmyL  a.  Nra:TBAL  Amylic  Oxai.atf,  C'*H*^0*  = 
nialard,  Ann.  Ch.  Phys,  [3]  xii.  311.  ) — When  potato  fusel-oil  or  pure  amylic  alcohol 
is  treated  with  a large  excess  of  crystallised  oxalic  acid,  two  liquids  are  formed,  the 
lower  being  watery  an«i  consisting  of  a saturated  aqueous  solution  of  oxalic  acid, 
while  the  upper  is  oily,  has  a strong  odour  of  bugs,  and  deposits  oxalicacid  on  cooling. 
On  distilling  this  oily  liquid,  the  temperature  gradually  rises,  and  amylic  oxalate  distils 
over.  It  may  be  purified  by  reilistillution, 

Amylic  oxalate  is  an  oily  liquid  having  a very  decided  odour  of  bugs.  It  boils  at 
262®.  Vapour  flensity  8*4.  It  is  decomposed  by  uniter  and  more  quickly  by  aqueous 
alkalis,  y ieldingamylic  alcohfd  .and  an  oxalate.  By  aqtuous  ammonia  it  is  convertetl  into 
amylic  alcohol  and  oxamide  ; hy  gaseous  or  alcoholic  a7nmonfVx  into  amvlic  alcohol  and 
amylic  oxamate.  Treated  with  sinc-dhyl  and  then  with  water,  it  yields  amylic  dieth- 
oxalato  or  amylic  lenente  (see  pag»'  274).  On  mx*ount  of  its  high  boiling  point,  it  may 
be  u.ved  for  tlie  preparation  of  other  amylic  ethers  by  double  decomposition. 

Chancel  has  obtained  methyl-atnyhc  oxalate  and  ethyl-amylic  oxalate  by  procc5^<  s 
similar  to  that  which  yields  the  oXidate  of  methyl  and  ethyl  (p.  271), 

Amtioxalic  Acid,  » C\C»H")HO*.  Oxahmylie  acid.  Acid  oxalate  of 

amyl  (Balard,  Ann.  Ch.  Phys.  [3]  xii.  309).— The  oily  liquid  obtained  as  above  by 
healing  amylic  alcohol  with  oxalic  acid  yields,  when  saturated  with  chalk,  a solution 
of  amyloxalate  of  calcium  which  crjstallises  on  cooling.  This  salt  serves  for  the  pre- 
paration of  the  other  amyloxalatcs. 

Amyloxalic  acid  is  an  oily  liquid  having  an  odour  of  bugs.  By  dry  distillation  it 
yields  neutral  oxalate  of  amyl,  carbonic  oxide  and  carlmnic  anhydride: 

2C*(C‘n>*)IIO*  - C\C‘H'*)*0*  + CO  + CO»  + IPO. 

The  amyloxalatcs  are  very  unstable,  their  solutions  when  boiled  reimiducintf  amvlic 
alcohol.  ^ * 
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The  potatsium-saft  forms  beautif\il  nacreons  laminae,  greasy  to  the  touch. — Tho  ral> 
cium-sait,  C‘*H**Ca'0*.2H’0,  crystallises  in  beautiful  crystalline  scales,  more  soluble 
in  cold  than  in  hot  water.  Exposed  to  a current  of  dry  air  at  100*^,  it  decomposes 
yielding  amylie  alcohol.  The  stiver-saU,  C’H"AgO\  forms  anhydrous  scales  baring  a 
aacreoua  lustre,  sparingly  soluble,  and  very  greasy  to  the  touch.  It  gradually  alters, 
cren  when  dry,  especially  if  exposed  to  light. 

OxalatM  of  SUiyL  a.  NBtrrnAL  Ethylic  Oxalate,  C*H'*0*  — 

Oialie  ttker, — This  compound  was  discovered  by  Bergmann  {Optutcula,  i.  256)  and 
has  been  more  particularly  investigated  byTh^uard  (M^m.  d’  Arcueil,  ii.  1 1 ),  B a u h o f 
(Schw.  J.  Tii_  308),  Dumas  and)  Bouliay  (J.  Pharm.  xiv.  113),  Dumas  (^Ann.  Ch. 
Fhya  liv.  227),  Lowig  (J.  pr.  Chem.  Ixxziii.  129),  and  Prankland  and  Duppa 
(p  272). 

Formation. — 1.  By  heating  alcohol  with  oxalic  acid,  more  readily  in  presence  of 
nlpboric  or  hydrochloric  acid. — 2.  Together  with  chlorethvlic  formate  and  hydro- 
chloric acid,  in  the  decomposition  of  perchloromethylic  oxalate  (p.  272)  by  alcohol, 
(Cahours,  Ann.  Ch.  Phys.  [2]  xix.  348). — 3.  In  the  preparation  of  crude  aldehyde 
by  distilling  a mixture  of  equal  parts  of  manganic  peroxide,  sulphuric  acid,  and  spirit 
of  20  per  cent.  (C.  Schmidt,  Ann.  Ch.  Pharm.  Ixxxiii.  330.) 

Pryaration, — 1.  One  part  of  acid  potassic  oxalate  (salt  of  sorrel)  is  mixed  with  1 pt, 
tleobol  and  2 pts.  strong  sulphuric  acid;  the  mixture  is  distilled;  water  is  added  as 
toon  as  the  distillate  begins  to  show  turbidity,  the  receiver  then  changed,  and  the  dis- 
tillation continued  without  cooling.  On  mixing  the  distUlato  with  water,  the  oxalic 
ether  separates  and  falls  to  the  bottom ; the  water  is  then  removed  with  a pipette,  and 
the  ether  washed  and  rectified.  (Dumas  aud  Bouliay.) 

2.  A more  expeditious  and  productive  method  is  to  heat  dehydrated  oxalic  acid  with 
sloohoL  Mitscherlich  boats  1 pt.  of  effioresced  oxalic  ucid  with  6 pts.  absolute 
alcohol,  distils  till  the  temperature  of  the  liquid  in  the  retort  rises  to  140°,  then  pours 
hack  the  alcohol  which  has  passed  over,  and  distils  till  the  thermometer  rises  to  165° ; 
the  remaining  liquid,  consisting  chiefly  of  oxalic  ether,  is  repeatedly  sliukcn  with 
Wafer  and  rectified  over  oxide  of  lead. — According  to  Lb  wig,  a much  smaller  quantity 
of  alcohol  is  sufficient  for  the  purpose.  He  pours  1 Jib.  of  absolute  alcohol,  or  spirit  of 
97  or  98  per  cent,  on  Iflb.  of  dehydrated  oxalic  acid ; distils  slowly  till  the  ther- 
mometer rises  to  130°,  and  then  distils  the  product  quickly  off.  The  distillate  thus 
obtained  consists  of  oxalic  ethrr,  with  a considerable  quantity  of  formic  and  a small 
quantity  of  carbonic  ether.  2800  grms.  of  dehydrated  oxalic  acid  thus  treated  yield 
1800  grins,  oxalic  ether  and  600  grms.  formic  ether.  An  additional  quantity  of  oxalic 
•nd  formic  ether  may  be  separat^^  from  the  distillate  which  goes  over  lx*low  120°,  by 
neatralising  with  carbonate  of  pota.ssium.  These  ethers  may  be  separated  by  fractional 
distillation,  the  formic  ether  passing  over  between  55°  nna  75°,  the  oxalic  ether  nt 
about  186°. — According  to  Kekuld  {Jjfhrbucht  iL  15)  tho  best  mode  of  preparation  is 
to  dissolve  dehydrated  oxalic  acid  in  not  more  than  twice  its  weight  of  absolute  alcohol, 
saturate  with  dry  hydrochloric  acid  gas,  precipitate  tlie  ether  with  water  after  the  liquid 
has  stood  for  several  hours,  wash  it  several  times  with  water,  dry  over  chloride  of  cal- 
cium, aud  rectify. 

Considerable  quantities  of  oxalic  ether  are  obtained  by  merely  leaving  oxalic  acid  in 
contact  with  absolute  alcohol  for  a few  weeks,  best  at  40° — 60°.  (Liebig,  Ann.  Ch. 

Pbann.  liv.  360.) 

Prvprrtifs. — Ethylic  oxalate  is  a colourless  oily  liquid,  having  an  aromatic  odour, 
specific  gravity*  1*0929  at  7*5°(Dum  as  and  Bouliay) ; 1*0824  at  16°,  Mendel  ejef 
(Bogg.  Ann.  exL  229).  Boiling  point  183° — 184°  (Dumas  and  Bouliay),  186° 
(Keknli).  Vapour-densify,  obs.  -•  6*087  (Dumas  and  Bouliay),  S lOfCahours), 
calc,  a 5*06.  It  is  very  slightly  soluble  in  tvaitr,  but  dissolves  easily  in  aJoohoi. 

Ikcompotitions. — 1.  Ethylic  oxalate  is  decomposed  by  contact  with  watrr,  yielding 
alcohol  and  oxalic  acid,  ^iled  with  aqueous  potash  or  soda,  it  is  quickly  ■.'onverted 
iuto  alcohol  and  an  oxalate  of  the  alkali-metal. — 2.  Its  alcoholic  solution  mixed  with 
^icokolio  potash  yields  alcohol  and  a precipitate  of  ethyl-oxalate  of  potassium: 
C»(C*H»)*0*  + KHO  » C»(C’H‘)KO*  + C»H».H.O. 


3.  Anmonia-ffas  decomposes  it  into  alcohol  and  ethylic  oxamate  (oxamethane) : 

Jo»  + 

Alcohol. 


(c*o«r|( 
(C’H‘)*r 

Ethjilc  oxalate. 


(C’OT 
CTI> 

Ethylic  oxamate. 


4.  With  aqueous  ammonia  it  yields  alcohol  and  oxamide : 
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6.  With  ethylaminff  in  like  manner,  it  yielda  diethyl-oxamid®  (C*0*y'(C*H*)*H*N* ; 

(C*H*)* 

and  with  duthylamifUf  ethylic  diethjlozamate  (C*0*)" 

C*H‘ 

not  act  upon  it.  On  these  reactions  Hofmann  has  founded  an  easy  method  of  separ- 
ating the  bases  produced  by  heating  etbylic  iodide  with  ammonia  (iL  555).  Similarly 
with  the  nuthylamirus  (iii.  998^ 

6.  Ethylic  oxalate  is  conTcrting  by  potassium  or  sodium  into  ethylic  carbonate,  with 

evolution  of  carbonic  oxide;  C*(C*H*)*0*  = C(C*H*)*0*  + CO;  the  reaction  is 

complicated  however  by  the  formation  of  several  other  products,  amongst  which  is  a 
black  substance  culled  by  Lowig  and  Weidmann,  niyric  acid  (see  Gmtlin's  Hand- 
book, ix.  IRl). 

7.  When  ethylic  oxalate  is  agitated  with  sodium-amalgam  in  a vessel  externally 

cooled,  a product  is  obtained  which  is  separated  by  ether  into  a soluble  and  an  in- 
soluble portion,  the  latter  consisting  of  fermentable  sugar  together  with  sodic  oxalate 
and  at  least  one  other  sodium-salt,  while  the  ethereal  solution  yields  by  spontaneous 
evaporation,  crystals  having  the  composition  and  consisting  of  the  ethylic 

ether  of  a tribasic  acid  called  desoxalic  acid,  because  it  is  produced  by  de- 

oxidation of  oxalic  acid : 6C’H*0*  -f  6H*  = 2C*H*0*  + 4H*0,  and  racemo-car- 
bonic  acid,  because  it  contains  the  elements  of  racemic  acid,  and  carbonic 

anhydride,  CO’,  and  is  resolved  into  those  two  compounds  when  its  aqueous  solution  is 
heated  in  a sealed  tube  with  a small  quantity  of  sulphuric  acid  (Lowig).  The  decom- 
position of  ethylic  oxalate  by  sodium-amalgam  has  not  been  completely  investigated, 
but  the  formation  of  racemo-carbonic  acid  and  sugar  may  be  represented  by  the 
equation : 

8C*H*0«  + 14H*  - 2C»H«0*  + + 10H*O. 

Oxslic  acid.  lUcemo-  Glucose. 

carbonic  acid. 

(See  Kackmo-cabbonic  Acid.) 

8.  Etbylic  oxalate  treated  with  sinc-fthyl  or  with  rinc  and  ethylic  iodide  (which 

produce  zinc-ethyl)  and  afterwards  with  water,  yields  ethylic  diethoxalate  or  leucie 
ether,  and  homologous  products,  in  like  manner,  with  sine-methyl  and 

sinc-amyl,  (Frankland  and  Duppa,  see  page  272.) 

Combination. — Ethylic  oxalate  unites  with  stannic-chloride^  forming  a crystalline 
compound  C*H'*0*.SnCl*. 

Perchlorethi/lic  Oxalate^  — This  compound,  also  called  Prrchlorovinic 

oxalate,  Chloroxt^ic  ether,  and  Perchloroxalic  ether,  was  discovered  and  investigated  bjr 
Malaguti  (Ann.  Ch.  Pbys.  [21  Ixxiv.  299).  It  is  produced  by  the  action  of  chlorine 
on  oxi£c  ether  in  sunshine.  It  is  colourless,  crystallises  in  quadrangular  laminse,  is 
destitute  of  taste  and  smell,  perfectly  neutral,  transparent  when  newfy  prepared,  bat 
becomes  opaque  after  some  time.  It  melts  at  144^  with  incipient  decompositioa.  It 

is  insoluble  in  water.  When  exposed  for  some  time  to  moist  air,  it  becomes  acid,  gives 

off  fumes  and  ultimately  liquefies.  Alcohol,  toood-spirit,  amyl-alcohol,  oil  of  turpentine, 
and  acetone  decompose  it  immediately ; common  ether,  acetic  ether,  and  sevez^  other 
ethers,  less  rapidly. 

Dry  ammonia-gas  converts  it  into  pentachlorinated  ethylic  oxamate,  forming  at  the 
same  time  another  amide  (probably  trichloracetamide,  and  one  or  two  ammonium-salts). 
With  agueous  ammonia  it  yields  oxamide  and  trichloracetamide.  The  reactions  with 
ammoma  appear  to  take  place  as  shown  by  the  equations : 

C«C1**0*  + 2NH*  - C"H*C1"N0>  + C»H*C1*N0  + 2HC1. 

ChlorozAmethane.  TrkhlorscetAmide. 

C*H*C1'N0*  + 2NH>  « C*H*a»NO  4 C*H*N*0*  + 2HCL 

ChlorosamKhAM.  TrichlorsceCAoiide.  OzArolde. 

With  alcohol  it  yields  a number  of  compound.s  among  which  are  trichloracetic  acid, 
hydrochloric  acid,  chloride  of  ethyl,  and  an  oil  called  chloroxethide  which  Malagati 
represents  by  the  formula  C*CI**0‘*  (p.  271).  When  methylic  alcohol  is  dropped  upon 
chioroxalic  ether,  hydrochloric  acid  is  evolved,  and  on  ad^ng  water  after  the  mixture 
has  cooled,  an  oily  mixture  of  oxalate  and  chlorocarbonate  of  methyl  is  precipitated. 

Potash  converts  chioroxalic  ether  into  oxalate,  trichloracetate,  and  chloride  of  potas- 
sium : 

C*a'»0«  + 4HH)  ==  C»H*0*  + 2C’HC1K)*  4-  4HCL 

Chioroxalic  ether  several  times  subjected  to  rapid  distillation  is  converted  into 
chloride  of  carbonyl  (phosgene  gas),  oxide  of  carbon,  and  chloride  of  tricbloracetyl : 

(X3i'»o*  -=  coci»  4-  CO  4-  2((?aK).a). 

When  kept  in  a closed  vessel,  it  appears  to  undergo  after  a while  the  same  changes  as 
when  heated. 


while  triethylamine  does 
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Ktkif}~methtflic  oxalate,  C*H*0*  — C*^CH“XC*H*)0*  (Chancel,  Compt. 
Chim.  1850,  pp.  373,  403). — Produced  by  the  action  of  ethyl-sulphate  of  potassium  on 
the  methyl-oxalate,  or  of  the  methyl-sulphate  on  the  ethyl-oxalate : 

(CH*)KS0‘  + C*(C»H‘)KO*  - K*SO«  -e  C*(CH»)(C*H»)0*. 

It  is  a transparent  colourless  liquid  having  a faint  aromatic  odour.  Specific  grority 
H7  at  12°.  Boils  between  160°  and  170°,  distilling  without  alteration.  Vapour- 
density  4*677  (calc,  for  2 toL  » 4*6508).  It  bums  with  a bright  flame  blue  at 
the  edges. 

It  does  not  dissolve  in  toalrr  withont  decomposition : cold  water  and  damp  air  de- 
eompose  it  slowly ; boiling  water  dissolves  it  completely,  decomposing  it  however  into 
BiMbTlic  alcohol,  cthylic  alcohol,  and  oxalic  acid.  Potash  decomposes  it  immediately 
vithont  the  aid  of  heat.  Ammonia  also  decomposes  it  rapidly,  forming  a precipitate  of 
oiifflide. 

Ethtxoiauc  Aan,  C^H'O*  « C*H(C*H*)OV  Oxalovinic  acid.  Acid  oxalate  of 
(Mitscherlich,  Pc^g.  Ann.  xxxiii.  332). — The  potassium-salt  of  this  acid 
Bfffodoced  by  adding  to  a solution  of  oxalic  ether  in  abfK>Iutc  alcohol,  a quantity  of 
alcoholic  potash  leas  than  sufficient  to  form  oxalate  of  potassium ; and  on  dissolving 
this  salt  in  hydrated  alcohol,  carefully  saturating  with  sulphuric  acid  and  neutralising 
vith  carbonate  of  lead  or  barium,  the  ethyl-oxalate  of  lead  or  barium  is  obtained. 

The  acid  itself  is  prepared  by  decomposing  either  of  these  salts  with  sulphuric  acid ; 
but  it  is  very  unstable  and  is  decompose  by  concentration  into  alcohol  and  oxalic  acid. 

The  potassiu7n~*alt,  C*(C*H*)KO*,  forma  crystalline  scales  which  begin  to  decompose 
towards  100°. 

Tentachlorfthyloxalie  acid  or  Chloroxalovinic  acid,  C^HCPO^  (Mai  a- 
gati.  Ann.  Ch.  Phys.  [2]  Ixxiv.  308). — This  compoond  is  not  produced  by  the  action 
nf  chlorine  on  ethyl-oxalic  acid,  but  1.  In  the  decomposition  of  percbloroxalic  ether  by 
tkohol  (p.  270). — 2.  When  chloroxethide  is  treated  with  cold  aqueous  solutions  of  the 
fixed  alkalis. — 3.  When  pentachlorinated  oxamate  of  ethyl  is  treated  with  aqueous 
aaunonis ; 

C‘NH*C1K)*  + H»0  » CXNH<)CPO*. 

It  may  be  prepared  by  placing  the  last-mentioned  compound  in  contact  with  aqueous 
taiTDonia  till  it  is  completely  dissolved,  and  evaporating  in  vacuo,  whereby  ciystallised 
chloTDxalovinate  of  ammonium  is  obtained.  This  salt  is  dissolved  in  water;  the  solution 
mixed  with  carbonate  of  sodium  and  evaporated,  first  on  a sand-bath,  afterwards  in 
tacQo  over  oil  of  vitriol ; the  chloroxalovinate  of  sodium  is  extracted  from  the  residue 
by  absolute  alcohol ; the  soda  precipitated  from  this  solution  by  the  exact  quantity  of 
fulphuric  acid  required ; the  liquid  filtered  ; any  excess  of  sulphuric  acid  that  it  may 
contain  precipitated  by  baryta-water ; the  b'quid  filtered  again  ; and  the  alcoholic 
Mlntion  of  chlomxalovinic  acid  evaporated  to  the  crystallising  point,  first  over  the 
water-bath,  and  then  in  vacuo. 

It  forma  colourless  needles,  which  melt  at  a gentle  heat ; has  a burning  taste,  and 
forms  a white  spot  on  the  ton^e;  if  placed  for  a while  on  the  back  of  the  hand,  it 
prodnm  violent  pain  and  a white  spot  surrounded  with  an  inflamed  ring.  It  dissolves 
in  all  proportions  in  waUr  and  deliquesces  very  quickly  in  the  air.  It  dissolves  also 
in  alcohol  and  in  ether. 

The  emmomuTn-so/f  is  crystalline;  may  be  fused  withont  decomposing;  tastes  veij 
bitter  and  pungent ; has  a faint  acid  reaction.  When  heated  to  the  boiling  point,  it 
decomposes,  without  evolving  ammonia,  and  gives  off  thick  vapours  smelling  of  acetic 
arid.  It  deliquesces  and  turns  yellow  in  the  air,  but  becomes  white  again  when  dried 
in  Tteuo. 

Malagnti  has  described  a substance  which  he  calls  anhydrous  chloroxalovinic  acid 
or  ckloroxtihide,  CH^1*®0’,  but  which  appears  to  be  merely  a liquid  modification  of  the 
preceding.  It  is  obtained,  among  other  products,  by  the  action  of  alcohol  on  ptrchlor^ 
'yu/ici'fWfp,  270).  It  is  quite  neutral  when  newly  prepared,  but  quickly  turns  add  by 
eoDtact  with  moist  air.  It  boils  at  200°,  becoming  coloured  at  the  same  time.  It  is 
intolnble  in  water,  but  soluble  in  alcohol  and  in  ether.  Ammonia  converts  it  into 
chloroxmnothaofi. 

Oxalate  of  IStbylene.  C*H*0*  — OxalaU  of  glycol. — This  com- 

pound  appMTS  to  be  produced  by  the  action  of  bromide  of  ethylene  on  oxalate  of  silver. 
By  exbiusting  the  piquet  with  ether,  treating  the  ethereal  solntiun  with  slaked  lime, 
evaporating  the  filtrate,  a liquid  was  obtained,  having  a peculiar  sweet  taste,  in- 
soluble in  water,  boiling  with  decomposition  at  a high  temperature,  and  yicl^ng 
oxamidswhen  treated  with  ammonia.  (Wurtz,  Ann.  Ch.  Fbys.  [3]  Iv.  400.) 

Oxalatoa  of  ISetliyl.  Neutral  Mbthyuc  Oxalate,  C*H*0<  = (CH*)*|*^* 
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(Dumas  and  Peligot,  Ann.  Ch.Phys.  Iriii.  44.— Weidmann  and  Schw(*ij'<‘r, 

Pogg.  Ann.  Ixiii.  602, — Wohler,  Ann.  Ch.  Pharni.  Uxxi.  376). — This  compound 
obtained  by  distilling  a mixture  of  equal  parts  of  sulphuric  acid,  oxalic  acid,  and  wood- 
spirit;  or  by  drenching  1 pt.  of  salt-of-sorrel  with  I pt.  wood-spirit  and  1 pt.  sul- 
pnuric  acid,  leaving  the  mixture  to  stand  for  some  time,  and  then  distilling.  Towards 
the  end  of  the  distillation,  methylic  oxalate  passes  over  nearly  pure  and  cr}’stallises  in 
the  neck  of  the  retort.  The  liquid  product  which  first  passes  over  also  yields  crystal- 
lised methylic  oxalate  when  left  to  evaporate. 

Methylic  oxalate  crystallises  in  colourless  rhombic  tablets,  melts  at  51°,  and  boils  at 
161°.  It  is  soluble  in  water,  alcohol,  and  ether,  but  the  aqueous  solution  quickly  de- 
composes into  oxalic  acid  and  methylic  alcohol.  The  same  decomposition  is  produced 
still  more  quickly  by  caustic  potash  OTSoda,  With  aqueous  ammonia  it  yields  oxamide  ; 
with  gaseous  ammo/na,  methylic  oxamate  (oxamothylane) ; with  zinc-ethyl  it  }*ields 
methylic  diethoxalate  and  homologous  compounds  {infra). 

Chloromethylic  (Malaguti,  Ann.  Ch.  Pharm.  xxxii.  49). — Chlorine 

gas  acts  very  slowly  on  fused  methylic  oxalate  in  diffused  daylight,  forming  a liquid  pro- 
duct which  appears  to  be  dichloromethylic  oxalate,  C*H*CPO^  = C\CHC1*)*0\ 
insamuch  as  it  is  immediately  resolved  by  water  into  carbonic  oxide,  oxalic  acid,  and 
hydrochloric  acid : 

C*U*CPO*  + 2HH)  « 2CO  + C»H«0*  + 4Ha. 

In  sunshine,  chlorine  acts  more  strongly, producing  nacreous  laminse  of  trichloro* 
methylic  oxalate,  (^^(CCl*)^)*,  which  smell  of  chloride  of  carbonyl  (phosgene)  and 
are  resolved  by  heat  into  that  compound  and  carbonic  oxide  : 

C‘C1‘0*  - CO  + 3COa* 

With  alcohol  they  yield  othylic  oxalate,  ethylic  chloroformate,  and  hydrochloric 
acid : 

C\CC1*)*0«  + 4C*H«0  *=  C*(C*H»)*0‘  + 2Ca(C*H“)0>  + 4HCL 


Compounds  produced  by  the  action  of  Zinc-ethyl,  ^c.,  on  the  Oxalic  ethers. 

When  the  oxalates  of  the  alcohol-radicles  are  treated  with  sinc-melhyl,  rinc-ethyl, 
&c.,  ethers  are  produced,  the  acids  of  which  may  be  regarded  us  oxalic  j 0*, 

in  which  1 atom  of  oxygen  is  replaced  by  an  equivalent  quantity  (2  at.)  of  an  alcohol- 
radicle,  or  what  comes  to  the  same  thing,  as  glycolHc  acid  j 0*,  in  which  2 ul. 

hydrogen  belonging  to  the  radicle  glycollyl  are  replaced  by  2 at.  of  an  alcohol-radicle, 
thua : 


Dimethoxalic  or  DimethoglycoUic  acid  . C‘H*0* 

Ethoroethoxalic  or  EthomethoglycoUic  acid . C*H'*0’ 

Sicthoxalic  or  DiethoglycoUic  add  . . C*H'’0’ 

Amhydroxalic  or  AmoglycoUic  acid  . . C'H‘‘0* 

Elhamoxalic  or  EtbamoglyeoUic  acid  , 

Siamoxalic  or  DiamoglycolUc  acid  . . 


O' 


[C’(CH*)*Or 

[C'(C*H*XCH*)0]- 

H’ 


O* 


[C^OH‘)'Or|o. 


rcxc‘H")Hor 

H* 


0» 


■^C*H‘)Or| 


0» 


H» 


0* 


These  acids  are  therefore  homologues  of  glycollic  acid, — also  of  lactic  acid 
which  may  be  formulated  as  methydrozalic  or  methoglycoUic  acid, 


Thefirst  in  the  above  list  is  isomeric  or  identical  with  butylactic,  the  second  with  ralero- 
lactic,  the  third  with  leucic  acid.  Frankland  (Proc.  Roy.  Soc.  xiL  396)  obtained 
ethylic  leucate  or  diethoxalate  by  the  action  of  rinc-ethyl  on  ethylic  oxalate,  and  the 
ethers  of  the  other  acids  of  the  series  bare  been  obtain^  in  like  manner  by  Frank- 
land and  Duppa  (Proc.  Roy.  Soc.  xiii.  140;  xiv.  17,  79,  83,  191). 

The  acids  of  tne  glycollic  or  lactic  series  C"H**0*  differ  from  those  of  the  acrylic 
series  OH*“*-*0*  (i.  63),  by  1 atom  of  water:  e.g. 


C*H*0»  - H*0  = C»H<0* 

Lactic  acid.  Acrylic  acid. 


And  it  has  lately  been  shown  by  Frankland  and  Duppa  (C^em.  Soc.  J.  xviii.  133), 
that  by  the  action  of  trichloride  of  phosphorus,  which  abstracts  the  elements  of  water, 
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the  ethylic  ethers  of  the  glycollic  or  lactic  series  may  be  converted  into  the  ethylie 
ethers  of  a series  of  acids  isomeric  with  the  natural  acids  of  the  acrylic  series.  As  the 
ethers  are  of  coarse  included  under  the  samo  general  empirical  formula  as  the  acids 
themselves  (each  ether  being  formed  from  its  corresponding  acid  by  addition  of  C*H^) 
the  reaction  may  be  represented  by  the  general  equation : 

3OH*-0»  + PCI*  I-  3OH*^*0*  + PH»0»  + 3HC1 

e.Q,zmV*0*  + PCI*  - 3C*H»0*  + PH»0»  + 3HC1 

'Elhjrlic  leucatt.  Ethrlic  etho>  Photphor* 

crbconate.  oiu  acid. 

The  ethers  thus  obtained  may  be  converted  into  potassium*  or  barium-salts,  and 
theae  into  the  corresponding  acids,  in  the  usual  way.  In  this  manner  have  been  obtained : 
Methacrylic  acid,  isomeric  with  Crotonic  acid  . . . C*H*0* 

Metbocrotonic  acid,  isomeric  with  Angelic  acid  , . . C'H'O* 

Ethocrotonic  acid,  isomeric  with  Pyroterebic  acid  . . C*II'*0* 

Ethometho-crotonic  acid,  isomeric  with  Damaluric  acid  . C^H'^0* 


[For  further  details  respecting  the  relations  of  these  two  series  of  acids,  also  of  the 
acids  of  the  acrylic  to  those  of  the  acetic  series,  see  Appendix.] 

We  now  proceed  to  describe  the  preparation  and  properties  of  the  several  acids  of 
the  glycollic  series  above  mentioned. 

1.  Dtetbozalto,  SlethoglyooUlo  or  ILeaclo  Actdi  Ethylie  oxalate 

treated  with  zinc-ethyl  and  afterwards  with  water  yields  ethylie  leucate  together  with 
alcohol  and  hydrate  of  zinc.  The  first  result  may  bo  thus  stated: 

+ Zn**(C*H‘)*  + 2H»0  = C*H"(C*H‘)0'  + + Zn“H*0» 


The  reaction  however  takes  place  by  two  stages:  the  first  product  is  a solid  resin- 
ous-looking mass  consisting  of  zinc-monethyl-cthylic  leucate,  C'*H*"ZnO*,- a 
compound  derived  from  oxalic  ether  by  the  substitution  of  2 at.  ethyl  for  1 at.  oxygen, 
and  of  1 at.  zinc-monethyl,  ZnC*H',  for  I at.  ethyl, — and  this  compound  when  treated 
with  water  is  resolved  into  ethylie  leucate,  alcohol,  and  zinc-hydrate: 

[C*(C»H*)’Or) 

ZnC*H*  VO* 

C*H*  j 
Zinc-monethrU 

eihylic  leuca't«. 

[C*(C=H*)=0]”) 

2H*0  - H 


0* 


C’O* 

EtbjUr  oxaUte. 


2Zn' 


jC’H* 
|C«H* 

Zloc.ethjI. 


Zn' 


C»H>0 


Zlnc.«th,lo. 

cthyUte. 


ZnC*H‘ 


.0* 


C>H‘  j 

Zioc-mon.thy1-«th,Hc 


C’H* 

EihjUc  leucate. 


C'H* 

H 

Alcohol. 


0* 


Zn”>  , 
H‘jO' 

Ziiic- 

hydrAtc. 


In  this  and  in  all  the  analogous  reactions,  it  is  found  advantageous  to  use,  instead  of 
zioc-etbyl,  &c.,  a mixture  of  ethylie  iodide  and  amalgamated  zinc,  whereby  the  oi^ano- 
xinc  eomponnd  is  generated  during  the  reaction,  and  the  trouble  of  specially  preparing 
it  is  sav^  The  whole  operation  then  proceeds  at  the  ordinary  atmospheric  pressure, 
and  a larger  product  is  obtained.  The  first  stage  of  the  reaction  in  the  production  of 
leucic  ether  may  then  be  represented  as  follow.? : 

fC*0*  r?  [C*(C  IP)*0]  ^ (C*H* 

+ 4C*H»I  + Zn«  = ^ 

Ethylie  leucate  or  diethoxalate  has  been  already  described  as  leucic  etber  (iii.  578). 
When  treated  with  trichloride  of  phosphorus,  it  yields  ethylie  ethocrotonate, 

^ obuined  ethocrotonic  acid,  1 0 - 

C*H**0*  isomeric  with  pyroterebic  acid  (vid.  sup.). 

Zinc-ethyl  acts  violently  on  it,  each  drop  on  coming  in  contact  with  the  ether,  even 
if  previously  cooled  by  a freezing  mixture,  hissing  like  phosphoric  anhydride  dropt  into 
water.  The  product  of  the  reaction  is  zincmonethyl-ethylic  leucate,  the  change  con- 
sisting in  the  substitution  of  zinc-monethyl  for  hydrogen,  and  being  accompanied  by 
the  evolution  of  torrents  of  ethylie  hydride : 

C^'*(C*H>)0*  + Zn"(C*H»)*  - C«H>*(ZnC*H*y(C»H‘)0*  + C*H* 

Zinc-monetbyl-ethylic  leucate  is  a colourless  viscous  solid,  soluble  in  ether,  but 
apparently  incapable  of  crystallisation.  It  absorbs  oxygen  with  avidity,  and  effervesces 
strongly  in  contact  with  water,  reproducing  leucic  ether : 


C*H‘*(ZnC»H»XC*H»)0*  + 2H*0  - C*H*‘(C*H‘)0*  + C*H*  + Zn"H*0*. 


Vot.  IV. 


• Sf#*  pate  MS. 
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Iodine  acts  strongly  upon  it,  producing  nncoleucic  ether,  iodide  of  ethyl,  and  iodide 
of  zinc : 

2C*H'*(7.nC«H‘XC’n*)0*  + I'  = C'*H»Zn”(C»H‘)'0*  + Zn'I*  + 2C«H»I. 

ZiuC'incmKhjrl-Hhf  lie  Zincoleuctc  ether. 

leuc.ite. 

Mrthi/lic  Dirthoxalnif,  A mixtnre  of  4 at*  ethylic  iodide  and  I at.  methylic  oxalate, 
digested  with  zinc  for  about  96  hours  at  30° — 50°  solidifiea  to  a mass  of  crystals,  which 
when  treated  with  water  and  distilled,  yields  ethylic  alcohol,  and  an  ether  haring  the 
composition  of  dietboxalate  or  leucate  of  methyl : 

(C’O*)*') 

CH*  >0*  + 4C*H*I  + Zn« 

CH»  ) 

Meihylic  oxalate. 

[C*(C»H»)*0]") 

ZuC*H‘  >0*  + 2H*0 

CH*  ) 

ZfnC'tnonKhyl- 

aictbjrlic  Icucate. 

Methylic  leucate  is  a colourles-s,  transparent,  tolerably  mobile  liquid,  having  a peculiar 
odour,  not  much  like  that  of  ethylic  leucate,  sparingly  soluble  in  water,  easily  in  alcohol 
or  ether.  Specific  gravity  — 0'9896  at  16  o°.  Boils  at  165°  and  distils  unebonged, 
Vapour-density,  obs.  t»  4‘84;  calc.  **  6*03. 

Methylic  leucate  is  easily  decomposed  by  alkaline  bases,  yielding  methylic  alcohol 
and  metallic  leucate^.  The  barium-sali,  thus  obtained  is  a crystalline 

mass  verj*  soluble  in  water,  alcohol,  and  ether.  On  decomposing  it  with  sulphuric  acid 
and  eviiponiting  the  filtrate,  diethoxalic  or  leucic  acid  is  obtained  in  splendid  crystals 
which  sublime  readily  at  60°,  slowly  even  at  common  temperatures,  and  melt  at  74*6°. 
In  these  respect.s  the  acid  thus  obtained  agrees  with  ordinary  leucic  acid,  and  with 
that  obtained  by  the  action  of  zinc-ethyl  on  oxalic  ether;  but  the  silver-salts  of  the 
two  acids  differ  in  certain  respects,  that  obtained  from  methylic  leucate  ciy  stallisine 
in  anhydrous  silky  fibres  which  arc  scarcely  discoloured  at  100°,  whereas  that  obtained 
from  ethylic  leucate  forms  brilliant  radiate  needles  containing  ^ at.  water,  which  it 
does  not  give  up  at  100°,  though  it  suffers  rapid  discoloration  at  that  temperature.  It 
is  possible  therefore  that  the  diethoxalic  or  leucic  acids  obtained  by  the  action  of  zinc- 
ethyl  on  the  oxalates  of  ethyl  and  methyl  respectively  may  not  be  absolutely  identical, 
but  only  isomeric. 

Amylic  Dif  thoxalate.  A mixture  of  amylic  oxalate  and  ethylic  iodide  iu  equivalent 
proportions  digested  with  ziuc  for  several  days  at  60° — 60°,  and  subsequently  treated 
with  water,  yields  in  like  manner  a distillate  containing  amylic  diethoxalate  or 
leucate,  thus: 

C‘H‘>  >0*  + 4C*H‘I  + Zn* 

C»H'>  j 

Amylic 

oxaUle. 

[C*(C»H»)*Or) 

ZnC*H*  Vo*  + 2H*0 

C*H‘>  ) 

Amylic  tinr.moocthylo. 
leucate. 

Amylic  leucate  is  a colourless,  transparent,  slightly  oily  liquid,  having  a fragrant 
and  somewhat  amylic  odour;  insoluble  in  water,  but  soluble  in  all  proportions  in 
alcohol  and  ether.  Specific  gravity  « 0*93227  at  13°  Boils  constantly  at  225°, 
Vapour-density  obs.  « 6*74;  calc.  = 6*97.  The  boiling  point  and  specific  gravity 
in  the  liquid  state  of  this  ether  are  almost  identical  with  those  of  its  isomer,  ethylic 
ethamoxalate  (p.  276). 

SimettiojuUc  or  BtinetboglycoUlo  iLoid*  C'H*0*  -»  ^ 

mixture  of  1 at.  methylic  oxalate  and  4 at.  methylic  iodide  treated  with  amal^mated 
zinc  os  above  described,  solidifies  to  a yellowish  gummy  mass,  which  when  distilled 
with  water,  yields  methylic  alcohol,  and  leaves  a residue  of  iodide,  oxalate  and  dimethox* 
alate  of  zinc.  The  reaction  is  doubtles.s  exactly  similar  to  that  of  zinc  and  ethylic 
iodide  on  ethylic  oxalate  (p.  273),  and  might  be  represented  by  perfectly  similar 
equations,  substituting  metbjl  for  ethyl ; but  the  resulting  dimethoxalate  of  methyl 
appears  to  be  very  unstable,  and  to  be  decomposed  by  the  hydrate  of  zinc  as  fast  aa  it 


[C*(C*H»)*0)''^ 

ZnC*H‘  (O*  + Zn" 
OH"  ) 

Amylic  linc- 
moaetbylic  leucatr. 


(C»H‘ 

: c*H>'o 


+ 2ZdI». 


[CXC’H‘)«0]" 

H 

OH" 

Amylic 

leucate. 


o«  + 


Zioc-ethylo- 

amjlate. 

T|  ^ 


Zn"H*0*. 


ZuC»n‘ 

CH* 

Zinc.motiethjU 
mclliylic  Irucale. 

[C’(C’H‘)'0]' 

H 
CH* 

Methylic 
leuemte. 


}o*  .h  Zn”|gH*.o 


+ 2Znn». 


|o* 


Zioc-meChyU 

cttijUte. 


CH*! 

■ H I 

Kthylic 

hydride. 


+ Zn"H*0*. 
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u formed,  and  converted  into  dimethozalate  of  zinc,  C’H‘‘Zn"0*  This  zinc-salt 
treated  with  bai^ta-water  yields  dimethoxalate  of  barium,  C"H"Ba"0*,  which  crys- 
tallises in  brilliant  needles,  neutral,  having  the  odour  of  ir^h  butter,  very  soluble  in 
water  and  alcohol,  nearly  insoluble  in  ether. 

Dimethoralic  acid,  obtained  by  decomposing  the  barium-salt  with  sulphurie 

acid  and  agitating  the  filtrate  with  ether,  crystallises  by  evaporation  in  large  prisms, 
melts  at  ~6  ~°  and  sublimes  at  60°  in  very  fine  prismatic  crystals;  boils  at  212°  and 
distils  nncbanged.  It  is  strongly  acid  and  easily  unites  with  bases,  forming  crystal- 
lioe  salts.  The  srVeer-so/r,  C*H*AgO*,  ciystallises  in  stellate  groups  of  nacreous 
scales. 


3.  XtliameUiazaaioorBtltometlioclTcoIUo  Acl<l,C*H>*0*=.  C’(C’H‘XCH*)0|  q,^ 

— The  ethylic  ether  of  this  acid  is  obtained  by  the  action  of  zinc  on  a mixture  of 
ethjrlic  oxalate  srith  methylic  and  ethylic  iodides  in  equivalent  proportions.  The  re- 
action takes  place  as  shown  by  the  equations : 


(CK)'n 

an'  yo*  + 2CH«I  + 2C’H‘I  + Zn*  = 
C*H*  i 

Etfaylic  oxalate. 


[Cr-(CH*XC’H»)0]") 

ZnCH'  lO*  + 7.a" 

C=H>  ) 


C?H*  ^ 
C*H*0  + 


Zlnc«monom«thTl-etho*  Ztnc  fthylo* 

metboxAlnte  oicthfl.  ethrlute. 


2ZnI*. 


[C*(CH*XC*H‘)Or 

ZnCH* 

C»H‘ 


0»  -t  2H*0 


ZinC'inonomet^l-Kho- 
nrthosmUte  of  ethji. 


[C»(CH«XC’IP)Ori 

H >0«  -e  ( 

C»H*  ) “ » 

Ethvlie  etho- 
methox&l«te. 


+ Zn"H*C*. 


EthjUe  ethomethoxalikte,  ix  a colourless,  transparent,  mobile  liquid  poaaeasing 

a penetrating  ethereal  odour  much  like  that  of  leucic  ether.  It  is  very  soluble  in  water, 
alcohol,  and  ether.  Specific  gravity  = 0 9768  at  13°.  Boils  at  165  5°.  Vsponr- 
denaitT.  obs.  » 4 98;  calc.  = 5 04.  It  is  easily  decomposed  by  aqueous  solutions  of 
the  alkalu  and  of  ^ryta.  Trkhltmde  of  phosphorus  converts  it  into  the  ethylic 
ether  of  methocrotonic  acid,  isomeric  with  angelic  acid  (p.  273). 

Ethometkoxalate  of  Barium,  C'*H'"Ba"0*  is  very  soluble  in  water,  and  crystallisea 
from  aqueous  solution  as  a beantifully  radiated  mass  having  a silky  lustre. 

Ethometkoxalate  of  Hydrogen,  or  Kthonuthosaiic  acid,  is  obtained  by 

eraporation,  first  in  a retort,  afterwards  in  vacuo,  as  a splendid  white  crystalline  mass, 
melting  at  63°,  subliming  readily  at  100°,  and  condensing  on  a solid  surface  in 
magnificent  star-like  groups.  It  boils  with  decomposition  at  190°.  It  dissolves  very 
easHy  in  water,  alcohol,  and  ether ; small  fragments  of  it  thrown  on  water  rotate  like 
camphor  whilst  dissolving.  The  solutions  are  strongly  acid  and  easily  decompose 
carbonates. 

EihomethoxalaU  of  Silver,  C^IPAgO*,  crystallises  in  splendid  mammeUated  masses, 
moderately  soluble  in  water. 

4.  Ambydroxallc  or  AmoglyoolUo  .Aeid.  |o*. 

— The  ethylic  ether  of  this  acid  is  produced,  together  with  two  others,  by  the  action 
of  ainc  on  a mixture  of  ethylic  oxalate  and  amylic  iodide.  Wlien  a mixture  of  tluse 
ethers  in  e<^uivalent  proportion  is  digested  with  granulated  zinc  at  70°,  the  zinc  is 
gradoally  dissolved,  while  much  amylic  hydride  and  amylene  aro  given  off.  The 
mixture  finally  assumes  a viscous  or  semisolid  condition,  and  when  treated  with  water 
yields  a further  quantity  of  amylic  hydride  which  distils  off  at  a gentle  heat.  On  in- 
creasing the  temperature,  water  passes  over  accompanied  by  amylic  alcohol,  amylic 
iodide,  and  an  ethereal  li<|uid  which,  after  drying  with  chloride  of  calcium,  begins  to  boil 
at  132°,  the  product  which  first  passes  over  consisting  principally  of  amylic  alcohol 
mixed  vrith  amylic  iodide.  Afterwards  the  thermometer  rises  rapi<^  to  200°, 
between  which  temperature  and  206°,  ethylic  amhy droxalute,  pjis.^ 

over.  A second  rapid  rise  of  temperature  then  occurs  till  the  thermometer  remains 
stationary  between  222°  and  226°,  at  which  temperature  ethylic  ethamoxalate, 
C**H**0*,  passes  over.  Lastly,  the  temperature  rises  to  260° — 264°,  between  which 
points  ethylic  diamoxalate,  C'*H“0*,  distils  over.  These  several  ethers  are 
rarther  purified  by  repeated  fractional  distillation. 
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Thp  formation  of  ethylic  amhydroxylato  is  represented  by  the  equations. 


(C«OV 

C»H* 

C’H* 


0*  + 4C*H"I  + Zn* 


[C’(OH"KZnC»H")0]" 
ZnC»H" 

C’H* 


}o. 


+ Zn 


C*H" 

C*H*0 


+ 2ZnI*. 


rC»(,C*H’'XZnC‘H'>)Or) 

ZnC‘H"  | + 4H>0  . 


f»H‘ 


[C»H(OH" 


C‘H> 


C>H" 

H 


+ 2Zn"H«0*. 


OH'')or) 

H + 

C'H*  } 

The  componnd  C”H"Zn"0’  formed  in  the  first  stage  of  the  reaetion  consists  of  oxalic 
ether  in  which  an  atom  of  oxygen  is  replaced  half  by  amyl  and  half  by  sinc-monamyl, 
whilst  a second  atom  of  zinc-monamyl  is  substituted  for  one  of  ethyl. 

C?H(C‘H")0) 


Etkylie  arnhydroxalaie,  C*H’*0* 


H 

C=H‘ 


>0’,  is  a somewhat  oily,  trans- 


parent, slightly  straw-coloured  liquid,  of  specific  gravity  0 94  49  at  13°,  having  a 
pleasant  aromatic  odour  and  burning  taste.  It  boils  at  203°.  Vapour-density,  ole., 
= 5'47  ; calc.  — 6 0. 

AmkydroxalaU  fof  Barium^  C'*H®*Ba'*0*,  CTyetallisea  in  large  beautiful  nacreous 
scales  like  parafifin,  moderately  soluble.  The  calcium-tait,  C"H”Ca'"0*,  forms  a white 
crystalline  mass. 

The  kydro^ensall  or  amhydroxalic  acid,  C’II'*0’,  prepared  from  the  zinc-salt  which 
is  contained  in  the  residue  remaining  after  the  distillation  of  the  three  ethers  above 
described,  is  but  sparingly  soluble  in  water,  from  which,  however,  it  crystallises  in 
beautiful  nacreous  scales  which  melt  at  60  o°,  but  afterwards  remain  liquid  for  some 
time  even  at  ordinary  temperatures;  they  are  very  unctuous  to  the  touch,  and  easily 
soluble  in  alcohol  and  ether. 

The  cnpprr-salt,  C'*H”Cu"0*,  is  deposited  from  its  aqueous  solution  in  minnte  light 
blue  scales,  very  sparingly  soluble  in  water. 

6,  Ettaamoxallo  or  BtliainoglyooUlc  Aetd,  — [CXC’H  | 

— The  ethylic  ether  of  this  acid,  is  the  portion  of  the  ethereal  distillate  above 

mentioned,  which  boils  between  222°  and  226°.  Its  formation  is  represented  by  the 
equations ; 

[CXC*H"XZnC‘H")0]" 


+ 4C*H"I  + Zn*  - 


C*U>) 

C*H‘VO* 

C»H*j 

[C*(C*H"){ZnC*H‘‘)Or  1 
(C’H*)’  P 


C’H* 

C’H* 


^0’ 


+ Zn  jcsgiio  + 2Znl’. 


+ 2HK) 


+ Zn'HK)’. 


[C\C’H*)(C*H")0]" 

H 
C’H* 

Ethjiic  ethtn> 
nx«Ute. 

Ethylic  etharooxalatc  is  a straw-coloured  oily  liquid,  haring  an  aromatic  but 
somewhat  amylic  odour  and  a burning  taste.  Specific  gravity  0 9399  at  13®. 
Boiling  point  between  224°  and  225®.  Vapour-density,  oba.  «=  6 29;  calc.  = 6'92. 

By  decomposing  this  ether  with  alcoholic  potash,  adding  sulphuric  acid  in  excesa, 
and  treating  the  product  with  other,  cthamoxaLie  acidis  obtained  as  a thich  oil, 
gradually  solidifying  to  a crystalline  m;iss.  The  hanu7H~9alt  contains  C**H**Ba''0* ; the 
silver-faU,  C*H'’AgO*. 

6.  BiamazBUaorBtamoglyeoIUo  Add,  C’H’‘0*  = [C’(CW')’0]  |o  _u,e 

ethylic  ether  of  this  scid,  C’E’*©*,  is  contained  in  the  last  portion  of  the  ethereal  dis- 
tillate resulting  from  the  action  of  zinc  and  iodide  of  amyl  on  oxalic  ether.  Its  forma- 
tion is  represented  by  the  equations ; 


(CTO’)') 
C’H*  VO’ 
C’H*  3 

EthyMe 

oxa(at«« 


+ 4C*H"I  + Zn* 


(C^C'H")’0]' 

ZnC*H” 

C’H* 

P.tbriic  sine  mon- 
aiB7l><IUrnosa]ato, 


}c 


+ 2H’0 


[C’(C*H")TO]' 

. ZnC*H>' 
C’H* 

Ethylic  linc- 
mondinrl-diaiu- 
oxaUte. 

[C’(C»H")’0]' 

H 

C’H* 

Ethrllc  dl- 
anozalftte. 


}o’ 


4-  Zn' 


Zlne-amylo* 

ethylate. 


2Znn, 


}o.  . 


+ Zn'H’O’. 
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Eth^lic  diamoxdUite  ia  more  yiscid  than  the  two  laat-de^cribed  ethers,  and  has  the 
lowest  specific  gravity  of  any  ether  belonging  to  this  series,  its  density  at  13®  being 
only  0’9137.  In  fact  the  specific  gravities  of  all  these  ethers  decrease  as  their  atomic 
weights  increase.  Their  vapours  ^o  exhibit  a tendency  to  dissociation,  increasing  with 
the  weight  of  the  atoms  which  replace  the  oxygen  in  oxalic  ether,  whence  there 
arises  an  increasing  divergence  between  the  observed  and  calculated  vapour-densities. 
The  vapour-density  of  ethylic  diamoxalate  is  by  experiment  8*4,  by  calculation  only 
6*9.  Boiling  point  about  262®. 

Diamoxalate  of  Barium^  C**H**Ba"0*  obtained  by  decomposing  the  ether  with  baryta- 
water,  crystallises  in  minute  elastic  needles  having  the  appearance  of  wool  when  dry. 
It  is  moderutcly  soluble  in  hot,  sparingly  in  cold  water. 

Diamoxalic  acid,  obtained  by  decomposing  a solution  of  the  barium-salt  in  hot 
dilute  alcohol  with  sulphuric  acid,  and  evaporating  the  filtrate,  crrstullises  in  colourless 
satiny  fibres,  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  It  molts  at  122®, 
and  solidifies  immediately  after  a very  slight  reduction  of  temperature.  At  a stronger 
heat  it  sublimes  and  condenses  on  a cold  surface  in  white  crystalline  flakes  like  snow. 

7.  Action  of  Zinc  on  a mixture  of  Amylic  oxalate  and  Amylic  iodide.  When  these 
ethers  in  equivalent  quantities  are  gently  heated  with  zinc,  a brisk  reaction  soon  sets  in, 
much  amylic  hydride  and  amyleiie  are  evolved,  and  the  whole  solidifies  to  a gum-like 
mass,  which  when  distilled  with  water  yields  an  oily  liquid  resembling  that  obbiined 
when  ethylic  oxalate  is  used,  and  in  all  probability  containing  a series  of  amylic  etliers 
analogous  to  the  ethylic  ethers  describe  under  4,  5 and  6 ; but  it  has  not  yet  been 
found  possible  to  separate  them,  their  boiling  points  being  so  high  that  they  decompose 
when  an  attempt  is  made  to  distil  them. 


OXAUTS.  Native  ferrous  oxalate,  also  called  Humholdtine  (p.  258). 
OXAX»MBTU  V JbO  V Ul  X1>S.  8yn.  with  Mbthtlethylic  Oxalate  (p.  271). 
OXAlOVnrxo  A0ZX>.  Syn.  with  Ethyloxalic  Acid  (p.  271). 


OZAZtVAAjaZBS.  Oxalan. 


C*H*N*OM>r 

Tis  or 


(C0)"VN*. 


(Hosing  and  Schischkoff,  Ann.  Ch.  Pharm.  cvi.  255. — Liebig,  xhid.  cviiL  126. — 
Strecker,  ibid,  cxiii.  47). — A compound  obtained  as  a white  precipitate,  together  with, 
dialuric  acid,  by  the  action  of  ammonia  and  hydrocyanic  acid  on  alloxan : 


2C*H*N»0<  + H*0  + NH>  - C*H‘N*0«  + C<H*N»0«  + CO’. 

Alloxao.  Oxalurjiinule.  Dialuric  acid. 

Probably  also  by  the  action  of  anhydrous  ammonia  on  parubanic  acid  : 

C*H*N*0’  + NH*  = C’H‘N*0>  (Strecker). 

It  was  first  prepared  by  Rosing"and  Schischkoff,  who  called  it  oxalan,  and  assigned 
to  it  the  formula  C'*H*^N’*0'*.  Its  formation,  however,  appears  to  have  been  pre- 
•%-ioosly  observed  by  Liebig,  and  analyses  of  it  subsequently  made  under  his  direction 
do  not  agree  with  Rosing  and  SchischkoflTs  formula,  out  show,  in  accordance  also  with 
Streckeris  analysis,  that  the  body  has  the  composition  of  oxaluramide : 


CalcuJaiion. 

Boeing  and  SchUchkolT. 

Liebig. 

Strecker. 

c* 

36 

27-6 

27  0 

27-7 

26-3 

27-7 

27-7 

H* 

6 

3'8 

40 

4 '4 

4 0 

4-2 

3-8 

K» 

42 

32- 1 

30-3 

301 

32-6 

32-4 

32’4 

0* 

48 

36  6 

m 

lOO'O 

Strecker  has  sdso  shown  that  the  hydrocyanic  acid  takes  no  part  in  the  reaction,  further 
than  as  a sort  of  ferment,  and  that  the  whole  of  it  may  be  recovered  from  the  liquid 
filtered  from  the  precipitate  of  oxaluramide. 

Oxaluramide  is  a white  crystalline  powder,  insoluble  in  cold  water,  but  dissolved 
and  decomposed  by  prolonged  boiling  with  water,  with  formation  of  oxalurate  and 
oxalate  of  ammonium.  When  boiled  with  caustic  alkalis,  it  gives  off  ammonia  and  yields 
an  oxalate.  It  dissolves  completely  in  strong  stdphuric  acid,  and  according  to  Strecker 
is  precipitated  from  the  solution  by  water,  in  its  original  state.  According  to  Rosing 
and  Schischkoff,  on  the  other  hand,  the  b^y  thus  precipitated  is  a product  of  decom- 
position, containing  ; moreover  the  dilute  solution  from  which  this 

componnd  has  separated  deposits  after  a while  large  colourless  prisms  containing 
C^”N*0*.  According  to  Strecker,  however,  this  last  body  is  nothing  but  alloxantin 
(C*H**N*0'*),  formed  by  the  action  ofthe  acid  on  dialurate  of  ammonium  adhering  to  the 
oxaluramide. 
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A solution  of  alloxan  mixed  with  hydrocyanic  acid  yields,  on  addition  of  ethyl* 
amine,  phenylamine,  &c.,  precipitates  resembling  oxalnramide  and  consisting  of 
olhy  1-oxaluraraide,  C*H\C’'H*)N*0*,  pheny  1-oxaluramide,  C*H\C*H*)N*0*, 
&o.  (Strecker.) 

The  Isst-mentioned  body  is  identical  with  that  which  Laurent  and  Oerhardt 
obtained  by  heating  puiralmnic  acid  with  aniline.  It  is  a white  slightly  nacreous 
eiystalline  powder,  composed  of  welbdedned  microscopic  needles,  tasteless  and  inodorous, 
insoluble  in  boiling  water,  nearly  insoluble  in  boiling  alcohol ; it  melts  at  a high  tempo* 
rature,  and  decomposes  when  still  more  strongly  heated,  giving  off  very  acrid  vapours 
contuining  cyanogen-compounds.  When  sliglitly  heated  with  potash,  it  gives  off  aniline 
and  ammonia.  It  diNsolvcB  easily  in  sulphuric  acid,  the  solution  when  heated  gi\'ing 
off  carbonic  anhydride  and  earl^nic  oxide,  without  blackening;  and  the  product,  if 
exposed  to  tlie  air,  grsidually  becomes  dlled  with  crystals  of  acid  sulphate  of  ammonium, 
and  yields,  when  dilut^nl  witli  water,  the  n^octiun  of  pbenyl*sulphuric  acid.  (Laurent 
and  Gerhard t,  Ann.  Ch,  Phys.  [3]  xxiv.  177.) 

OatAXirXASrxUlkB.  8yn.  with  Phenyl-oxalubaxidb  (nVf.  tup.), 

OXAX.imZC  ACXB.  (Liebig  and  Wohler,  Ann.  Ch.rhann.  xxvi. 

287.) — When  parabanic  acid  is  heated  with  aqueous  ammonia,  it  is  converted  into 
oxalurate  of  ammonium ; or  carbonate  of  calcium  dissolved  in  aqueous  parabanic  acid 
yields  oxalurate  of  calcium.  Oxalumte  of  ammonium  is  also  formed  by  the  action  of 
oxygen  on  an  a<^ueous  solution  of  murexnn  (sec  Mubexam);  and  by  adding  ammonia  to 
a solution  of  unc  acid  in  warm,  very  dilute,  nitric  acid.  The  ammonium-salt  is  dis- 
solved in  warm  water,  and  the  oxalunc  acid  precipitated  by  a mineral  acid,  washed  aud 
dried  (Liebig  and  Wohler).  Lastly,  oxalunc  acid  is  produced,  together  wilh 
guanidine,  parabanic  acid,  xanthine,  and  urea,  by  the  action  of  hydrochloric  acid  and 
potassic  chlorate  on  guanine.  (Strecker,  Ann.  CIl  Phann.  cxviil  161.) 

Oxaluric  acid  is  a white  crystalline  powder,  which  has  a verj'  acid  taste,  and  reddena 
litmus.  It  neutralises  alkalis  completely.  It  ts  very  sparingly  soluble  in  cold  water  : 
its  aqueous  solution  is  decompuacd  by  boiling  into  oxalic  acid  and  urea : 

C*H*NK)*  -I-  ino  - C^H’O*  + CH*N*0. 

Oxaluric  acid  is  monobasic.  The  ammonium-salt^  C*H*(NH*)N*0*,  forms  silky 
anhydrous  needles,  readily  soluble  in  hot  water  (Liebig  and  Wohler).  Th« 
bariuvi‘9ait,  C*H*Ba"N*0".2H’0,  is  obtained  by  precipitation  in  long  colourless  needle^ 
often  intersecting  one  another.  It  gives  off  its  water  at  130®;  the  crystals  dissolve  in 
633  pfs.  water  at  9®  and  55  pts.  at  100®. — The  ca/ri«m*Wl',  C*Il*Ca''N*0*.2H*O, 
obtained  in  like  manner,  crystallises  in  colourless  needles,  soluble  in  483  pts.  water  at 
16®,  and  in  20  pts.  boiling  water  (P.  Waage,  Ann.  Ch.  Pharm.  cxviii.  601). — Th« 
siivtr-salt  is  obtained  by  adding  oxalurate  of  ammonium  to  nitrate  of  silver,  as  a flaky 
precipitate  which  dissolves  in  hot  water  and  separates  on  cooling  in  long  silky 
anhydrous  needles  (Liebig  and  Wohler).  The  separates  as  a crystalline 

powder  on  mixing  a dilute  lukewarm  solution  of  sodie  carbonate  with  a solution  of 
alloxan  containing  a little  prussic  acid.  It  is  much  less  soluble  in  water  than  the 
potassium-salt.  (Waage.) 

Oxaluric  acid  may  be  regarded  as  an  un'dic  acid  analogous  to  tbe  amic  acids ; 
C’H^N’O*  « oxalic  acid  + urea  — H*0,  just  as  oxamic  acid,  C*H*NO*  **  oxalic 
acid  + ammonia  — 11*0.  (Oerhardt  and  Laurent,  Ann.  Ch.  Phya.  [3]  xxiv.  175.) 

F.  T.  C. 

OXAZiVljsOXSTHTUSB.  Syn.  with  Methtl-Kthtlic  Oxaiatb  (p.  271). 

OXABKSTH.AJril,  Syn.  with  Etbtuc  Oxamatb  (p.  280). 

OXAMSTHYlLAim,  Syn.  with  Hbtuylic  Oxauatb  (p.  2811 

)n 

OXABCZO  ACD.  C*H»NO»  - (C*0*)"  Vq.  (Balard,  Ann.  Ch.  Phys.  [3] 

iv.  93. — Bacaloglio,  J.pr. Chem.  Ixxxi.  369. — Tous saint,  Ajm.  Ch.  Pharm, cxx.  237.) 
— An  acid  produced  by  the  dehydration  of  acid  oxalate  of  ammonium.  This  Mlt 
when  heated  in  an  uil-bath  to  about  230®,  gives  off  water,  carbonic  oxide,  and  carbonio 
anhydride,  then  carbonate  and  cyanide  of  ammonium,  and  if  the  distillation  has  not 
been  carried  too  far,  a residue  is  left  consisting  almost  entirely  of  oxamide  and 
acid.  Xbe  formation  of  tbe  latter  is  represented  by  the  equation  ; 

C*H(NH')0*  - H*0  - C*H»KO* 

The  acid  residue  is  ^ated  with  cold  water ; the  filtered  solution  is  neutralised  with 
ammonia  and  precipitated  by  a saturated  solution  of  a barium-salt;  and  the  resoltins 
crystalline  precipitate  of  oxamate  of  barium  purified  by  solution  in  boiling  wmtet 
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(decolorising  with  animal  charcoal  if  necessary)  and  crystallisation.  The  ctrstals  are 
then  decomposed  with  an  equivalent  quantity  of  very  dilute  sulphuric  acid,  and  the 
filtrate  is  evaporated  to  the  crystallising  point. 

The  acid  may  also  be  obtained  by  decomposing  the  silver^salt  with  dry  hydrochloric 
acid  gas,  treating  the  product  with  boiling  absolute  alcohol,  and  evaporating  the 
filtrate. 

Oxamic  acid  is  also  produced,  as  an  ammonium-salt,  by  boiling  oxamide  with  aqueous 
ammonia  i 

+ H*0  - C*H*(NH*)NO*, 

After  the  boiling  bos  been  continued  for  some  time,  the  ammonia  being  always  kept  in 
excess,  the  solution  on  cooling  deposits  nothing  but  groups  of  slender  prisms,  consisting 
of  amroonium-oxarnate ; and  the  saturated  solution  of  this  salt  mixed  with  strong 
hydrochloric  acid,  and  left  to  itself  for  twelve  hours,  deposits  oxamic  acid  as  a wliite 
powder,  which  may  be  washed  with  cold  water  and  left  to  dry  at  the  ordinary  tempera* 
ture.  (Toussaint.) 

Oxamic  acid  is  a white  crystalline  powder  sparingly  soluble  in  cold  water,  still  less 
soluble  in  alcohol,  insoluble  in  ether.  According  to  Toussaint,  it  dissolves  in  58  pts. 
water  at  18^  ; in  another  experiment  with  the  acid  separated  from  mi^rcurous  oxamate 
he  found  that  it  required  71  pts.  water  at  H®  to  dissolve  it.  By  boiling  with  water  it 
is  quickly  converted  into  acid  oxalate  of  ammonium.  Heated  with  caustic  alkalis  or 
with  acids  it  is  resolved  into  ammonia  and  oxalic  acid.  It  melts  at  173®,  and  is 
decomposed  into  water,  oxamide  and  formic  acid.  (Toussaint.) 

OxAMATES.  Oxamic  acid  is  monobasic,  the  formula  of  its  salts  being 
or  according  to  the  atomicity  of  the  metal.  The  ammonium-salt 

forms  stellate  groups  of  small  anhydrous  prisms,  which  according  to 
S^narmont  (Jahresb.  1857,  p.  296)  are  monoelinie,  exhibiting  the  combination 
odP  . [ ocP2]  . [ ooP»  ] . oP.  The  clinodiagonal  is  to  the  orthodiaOTnal  as  0 6489  ; 1, 
Angle  of  inclined  axes  » 64^23';  coP : cdP  in  the  clinodiugonu  principal  section 
119®  20':  [»P2J  ; [ooP2l,  in  the  same  - 81®  2';  oP  : ocP  Ill®  55'.— The 
barium-salt,  C'II'Ba'^N*0‘.3lTO,  is  acrysulline  precipitate  which  gives  off  its  water  at 
150®  (Balard). — The  cupric  salt,  C'H*Cu"N*OMPO,  is  obtained  by  precipitation  as 
a blue  gi^ular  powder  soluble  in  hydrochloric  acid,  less  soluble  in  water  and  in  nitric 
acid.  The  hydrochloric  acid  solution  of  the  precipitate  is  coloured  blue  by  potash, 
but  precipitated  only  at  the  boiling  heat  (Bacaloglio).— The  ferrous  salt, 
C'H*Fe"N^0*.H*0,  forms  yellow  microscopic  crystals.  I^cently  precipitated  ferrio 
hydrate  disi^olves  in  boiling  aqueous  oxamic  acid;  but  the  solution  decomposes,  like 
the  oxalate,  on  exposure  to  the  sunshine,  forming  a yellow  precipitate.  The  solstion 
of  ferric  hydrate  in  acid  oxamate  of  potassium  deposits  green  crystals  on  cooling 
(Bacaloglio). — The  neutral  Uad-salt,  C*H*Pb''N*0*.U‘0,  is  white,  crystalline,  spar- 
ingly  solable  in  cold,  more  easily  in  hot  water ; the  solution  has  an  acid  reaction.  The 
salt  gives  off  its  water  (4'49  ^r  cent.)  at  100®,  but  does  not  decompose  at  175®.  The 
basic  lead-salt,  C*H*Pb''N*0*  rb^O,  obtained  by  precipitating  bsisic  acetate  of  lead  with 
ammonium*oxamate,  is  a white  precipitate,  insoluble  in  water  and  anhydrous  after 
being  treated  with  lx)iling  water  (Bacaloglio). — The  mercurous  and  mercuric  salts 
are  white  precipitates,  obtained  by  heating  the  solutions  of  the  nitrates  with  ammonium 
oxamate  (Bacaloglio). — The  nickel-salt,  C‘H*Ni"N*O*.H*0,  is  a menish-whita 
gmnuUr  powder  sparingly  soluble  in  hot  water  (Bacaloglio).-»‘lne  silwr-salt, 
C*H*AgNO‘,  obtained  by  treating  a solution  of  silver-nitrate  with  bariura*oxamate, 
separates  as  the  liquid  cools  in  colourless  silky  needles,  which  uro  decomposed  by 
exposure  to  the  light,  the  silver  separating  on  the  surface  and  blackening  them. 
(Balard.) 

OXAMTO  STKISSB.  In  the  molecule  of  oxamic  acid  (C’O’)'  either  the 

H 

hydrogen  bclonnng  to  the  water-type,  or  that  belonging  to  the  ammonia-type,  may  be 
replaced  by  alcohol-radiclea.  In  the  former  case  neutr^  ethers  are  formed  belonging 
to  the  class  of  amethanea  (i.  198),  of  which  the  following  are  known : 

H* 


Hethylie  Oxamate  or  Oxamethylane  . . C’H*NO*  — 


Ethylic  Oxamate  or  Ozamethane  . . C'H’NO* 


Amylic  Oxamate  or  Ozamylane  , . C’H"NO*  — 


(C«0«)"  ^ 
CH* 

(C=0< 

C?H» 

H» 

(C*0’ 

C*H" 


r}3 


a ^le 
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Tbej  are  prodaced  by  the  action  of  dry  ammonia  on  the  corresponding  neutral  oxalic 
ethers. 

In  the  latter  case,  monobasic  acid  ethers  are  produced,  which,  if  only  one  atom  of 
hydrogen  is  replaced,  are  metameric  with  those  of  the  preceding  class  containing  the 
name  alcohol-radicles.  They  are  obtained  by  dehydration  of  the  acid  oxalatea  of  the 
corresponding  amines.  The  following  have  been  prepared ; 


DIethyl-ozamic  acid 


Ethyl-oxamic  acid 


Fhenyl-oxamic  acid 


C*H*NO*  - 


C*H’NO* 


CHTiO*  - 


H.CH«  1 

•n 

(CTOV 
H i 

In 

(C«0»/- 
H J 

n.c«H>i 

|0 

(CTO*)' 
11  1 

ammoni«-fype  wonld 

likewise  yield  monobasic  acids ; none  of  these  are  however  known  in  the  fne  state, 
bnt  the  ethylic  ethers  of  dimethyl-  and  diethyl-oxamic  acids  hare  been  obtained, 
vix. : 


Ethylic  Dimethyloxamate 


Ethylic  Diethyloxamate 


C‘H‘‘NO»  - 


C*H'*NO*  - 


(CH«) 

{C=0 

CMl 

(C«H*y 

(C’0»)' 

C’H* 


Amyllo  Oxamate,  or  Oxamylane.  C’H"NO*. — This  compound  is  prodaced 
by  the  action  of  ammonia  in  the  gaseous  state  or  in  alcoholic  solution  on  neutral 
amylic  oxalate : 

,(.9!OTfo*  + NH*  - (CTO  )'|o  + 

OH" 


H i' 


It  is  soluble  in  alcohol,  whence  it  separates  on  eraporatioo  in  rudimentary  ill> 
defined  crystals.  It  is  decomposed  by  boiling  water,  yielding  amylic  alcohol  and 
ozamic  acid. 


Stbylio Oxanates* — a.  Oxametkane. 


H*  Kw 

(Dumas  and 

C H*  3^ 


Boullay,  Ann.  Ch.  Phy».  [2]  xxxrii.40. — Dumas,  ibid.  liv.  241. — Liebig,  Ann.  Ch. 
Pharm.  ix.  129). — Prepared  by  passing  dry  ammonia  gas  through  dry  ethylic  oxalate 
till  it  soiidiAes.  The  resulting  mass  U washed  with  alcohol,  and  the  solution  is  evaporated 
till  it  crystallises. 

Oxamelhane  forms  unctuous  pearly  crystals  belonging  to  tbe  trimetric  system. 
Dominant  form,  Poo  . odPgo  . ooP  . oot’2.  Ratio  of  axes,  a : b : c « 0'924  : 1 : 
0‘715.  Angle  f*oo  : cepoo  a 126°  33';  »P  : oePoo  = 132°  43';  ocp2  : oePoo 
«■  151°  34.  It  melts  at  110°  and  distils  ut  220°.  Vapour-density  ^calc.  for  2 toI.) 

4 066  It  dissolves  veiy'  readily  in  cold  watfT  and  in  a/ei>koi.  By  boiling  with 
uat.:r  it  is  converted  into  alcohol  and  acid  oxalalc  of  ammonium: 


C^H'50«  -I-  21VO  « Cai(NH*)0‘  + 

Ammo7iia  converts  it  into  alcohol  and  oxamidc: 

C*H»NO*  + - C=H«0  + C*H*N*0*. 

According  to  Balard,  the  aqueous  solution  of  oxamethane  boiled  with  a small  quantity 
of  ammonia,  yields  oxamate  of  ammonium.  Boiled  with  bart/ta~wattr  it  gives  off 
ammonia  and  forms  a sparingly  soluble  barium-MiU.  Potash  And  soda  under  same 
circumstances  eliminate  ammonia  and  form  ethyl-oxalates. 

0.  Chloroxamf thane,  C*lVC\*isO*.  Chloroxtthamide.  (Malaguti,  Ann.  Ch. 
Phys.  Ixxiv.  304  ; ihtd.  [3]  xv.  49).— Produced  by  the  action  of  dry  ammonia-gas  on 
perchloruxalic  ether: 

C*(C*CI»)’0»  + 2NH*  - C*H*CI*NO>  + C*H*CTOO  + 2HC1. 

Perclil'ruxallc  Cblorwxamethaaa.  Trichiomect* 

ether.  amide. 

When  dry  ammonia-gas  is  passed  into  a tubulated  retort  containing  pulverised 
perchloroxalic  ether,  tbe  temperature  risea,  a flocculent  substance  is  deposited  on  the 
sides  of  the  retort,  and  a fetid  odour  is  evolved.  When  the  action  hu  ceased,  the 


Dinii'.'.o  hv  Gt>ogle 


OXAMIC  ETHERS. 


281 


rptort  is  fotmd  to  be  lined  with  small  iridescent  laminse.  The  whole  is  treated  with 
ether,  the  solution  filtered  from  sdl-siumoniac,  and  the  crystals  which  form  on  e?apora> 
tion  are  pressed  between  paper  and  purified  by  solution  in  hot  water,  treatment  with 
animal  charcoal,  and  repeated  ctystalUsatiou. 

Chloroxametbane  forms  white  c^stals  belonging  to  the  trimetric  system,  and 
isomorphous  with  oxamethanc.  Dominant  form,  Poo  . ccP| , oel^oo  . Patio  of  the  axes 
a:  b : c «»  0924  : 1 : 0*7 15.  Inclination  of  the  faces,  too  . too  = 126®  33' : ootj  : 
oetao  ■■  120^:  cctj  ; octj  ^ 120®.  It  is  Sparingly  soluble  in  cold  water,  very 
soluble  in  boiling  water,  alcohol,  and  ether;  the  solution  moot  precipitated  by  nitrate  of 
silrer  or  by  soluble  calcium-salts.  It  has  a saccharine  taste,  with  bitter  after-taste.  It 
melts  at  134®.  but  a considerable  portion  sublimes  before  melting.  Boiling  point 
abore  200®. 

Boiled  for  some  time  with  potash,  it  ultimately  disappears,  gire»  off  a large  quantity 
of  ammonia,  and  yields  ox^te  and  chloride  of  potassium,  together  with  another 
chlorinated  salt.  Aqueous  ammonia  dissolves  it  completely  in  a few  days,  producing 
cklortthyloxalaU  oj  ammonium. 

In  consequence  of  the  different  behaviour  of  oxamethane  and  chloroxametbane  w*ith 
ammonia  and  potash,  Gerhardt  and  Halaguti  suppose  that  they  belong  to  different  types. 


y.  Etkyloxamic  acirf,  C*H’NO*  -»  (C'''0*)''j-Q — Formed  in  small  quantity, 

when  oxalate  of  ethylamine  mixed  with  excess  of  oxalic  acid,  is  melted  for  some  time 
in  an  oil-bath  at  180®:  C*H(C*H»N)0«  - H»0  - C^H^NO*.  (Wurlz,  Ann.  Ch. 
Phys.  [3]  XXX.  465.) 

J.  Ethylic  Diethyloxamate,  C*H'  0*  — (C’O* )"  > — This  compound  is  produced 

j ^ 

by  the  action  of  dietbylamine  on  oxalic  ether  (ii.  555).  It  is  a liquid  which  boils  at 
260®,  is  resolved  by  filing  with  alkalis  into  oxalic  acid,  alcohol,  and  dietbylamine, 
and,  when  heated  with  alcoholic  ammonia,  is  converted  into  a substance  which  is  iso* 
meric  wdth  dietbyloxamide,  C*H**N*0*  (p.  284).  (Hofmann,  Compt.  rend.  lii.  902.) 


Metbjllc  Oxamntes.  a.  Oxamethylane.  C’H’NO*. — Prepared  by  saturating 
fused  methylic  oxalate  with  dry  ammonia  gas  till  the  whole  solidifies  to  a crystalline 
mass.  The  product  dissolved  in  boiling  alcohol  crystallises  on  cooling  or  evaporation 
in  cubic  crystals  having  a nacreous  lustre.  When  boiled  with  water  to  which  a few 
drops  of  ammonia  are  imded  from  time  to  time  to  neutralise  the  acid  which  is  produced, 
the  oxaniethylane  is  completely  converted  into  oxamate  of  ammonium  and  methylic 
alcohol.  (Dumas  and  P^ligot,  Ann.  Ch.  Phys.  [3]  Iviii.  60.) 

3.  Mithyloxamicacid,C‘n''SO‘  =(C^T|o— ^ 


-Produced,  with  elimination  of 


wat^r,  by  heating  acid  oxalate  of  methylamine  to  about  160® : C*H(CH*N)0*  — H*0 
— C*H*NO^  Part  of  the  metbyloxamic  acid  remains  in  the  residue,  while  another 
portion  volatilises,  and  sometimes  forms  a crystalline  strongly  acid  sublimate  un  the 
neck  of  the  retort.  A considerable  portion  of  the  acid  oxalate  of  methylamine  is, 
however,  converted  into  neutral  oxalate,  and  sul»equently  into  dimethyloxamide,  which 
also  crystallises  in  the  neck  of  the  retort.  It  is  advisable,,  therefore,  to  interrupt  the 
distillation  after  a while,  and  add  a little  oxalic  acid  to  the  residue.  When  the  decom* 
position  is  supposed  to  be  complete,  both  the  distillate  and  the  residue  are  to  be 
dissolved  in  hot  water,  the  solution  saturated  with  chalk,  and  filtered.  The  concentrated 
solution  deposits,  on  c«x>Iing,  a mixture  of  calcic  metbyloxumato  and  dimethyloxamide, 
which  are  e^isily  separated  by  beat,  the  dimethyloxamide  then  volatilising,  while  the 
calcic  metbyloxamate  remains  unaltered ; it  may  be  purified  by  crystallisation  from 
hot  water. 

Metbyloxamic  acid  forms  a crystalline  sublimate.  The  calcium'ialt^  C*H*Ca"N*0* 
separates  from  its  hot  aqueous  solution  in  small  well-defined  crystals.  (Wurtz,  Ann. 
Ch.  Phys.  [3]  xxx.  465.) 

y.  Ethylic  Dimetkyloxainatet  C*H“NO*  = (C’O*)"  > ^.—Produced,  like  the 

C*H»  ) ^ 

corresponding  diethyloxamate,  by  the  action  of  dimethylamine  on  oxalic  ether.  It  is  a 
liquid  boiling  between  250®  and  260®,  and  resolved  by  distillation  with  potash  into 
al^hol,  dimethylamine,  and  oxalate  of  potassium.  (H  of  m an  n,  iiL  998.) 

Vbeajloxamlo  or  Oza&Ulo  Aoldt  * (CKl’/rO  (Laurent  and 

H ) 
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Liebig  (Ann.  Ch.  PbarOL  cxiii.  146)  has  shown  that  an  aqueous  solution  of  cyazK>gea 
Gerhardt,  Ann.  Ch.  Phys.  [3J  xxiv.  166). — To  prepare  this  compound,  aniline  mixed 
with  a very  excess  of  oxalic  acid  is  fused  for  U-n  minutes  at  a high  temperature ; 
the  cooled  mass  boiled  with  water;  and  the  solution  filtered  from  the  oxanilide ; 
whereupon  it  yields,  on  cooling,  crystals  of  acid  oxanilate  of  aniline,  whilst  a portion  of 
the  salt,  together  with  a small  quantity  of  formauilide  and  u large  quantity  of  oxalic 
acid,  remains  in  the  mother-liquor,  from  which,  by  precipitation  at  a boiling  heat  with 
chloride  of  calcium,  tiltcriog  while  hot  from  the  oxalate  of  calcium,  and  cooling,  an 
additional  crop  of  crystals  of  calcic  oxanilate  may  be  obtained.  The  above-mentioned 
browTi  crystals,  which  cannot  be  decolorised  by  reciystallisation,  are  converted,  either 
by  boiling  with  baryta-water,  or  by  solution  in  ammonia  and  pri'cipitation  with  chloride 
of  barium,  into  oxanilate  of  barium,  which  must  be  washed  with  cold  water,  and  decom- 
posed by  boiling  with  an  equivalent  (|uantity  of  sulphuric  acid  (an  excess  decomposes 
the  oxanilic  acid),  after  wliich  the  filtrate  depoeits  the  oxanilic  acid  in  crystals  by 
evaporation — or  they  may  be  converted  into  (he  calcium-salt  by  solution  in  ammonia 
and  precipitation  with  chloride  of  calcium,  and  that  salt  decomposed  by  sulphuric  acid 
mixed  with  alcohol. 

Phenyloxamic  acid  forms  beautiful  laminae,  which  redden  litmus  strongly,  dissolve 
sparingly  in  cold,  abundantly  in  hot  xvater^  easily  in  alcvhoi.  When  heated,  it  gives 
off  carlx>nic  oxide,  carbonic  anhydride  and  water,  and  is  converted  into  pure  oxauilide : 

2CH'NO*  - C"H>*N*0*  + CO  + CO*  + IPO. 

By  boiling  with  dilute  hydrochhric  or  sulphuric  acid,  it  is  resolved  into  hydrocbloruts 
or  sulphate  of  aniline,  and  free  oxalic  acid.  With  a boiling  concentrated  solution  of 
potash  it  gives  off  aniline. 

The  phenyloxainntes  or  oxanilates,  which  arc  isomeric  with  the  isatates, 
give  off  the  whole  of  their  aniline  when  heated  with  hydrate  of  potHs.sium,  and  a portion 
when  boiled  with  pota.«ih-ley  or  strong  acetic  acid. 

Amm<mium-S4Uts. — The  neutral  salt,  C*H*(NH*)NO*,  forms  l>eautifnl  lamina,  which 
dissolve  sparingly  in  cold,  very  easily  in  boiling  water,  and  in  alcohol. — The  acid 
so/f,  CH\NH*)NO*.C*H^NO*,  obtained  by  precipitating  the  solution  of  the  neutral  salt 
with  hydrochloric  acid,  and  leaving  the  precipitate  to  ciystallise,  forms  scales,  sparingly 
soluble  in  cold  water.  Both  salts  begin  to  decompose  at  190^,  give  off  ammonia,  and 
afterwards  carbonic  oxide  and  carbonic  anhydride,  together  with  a small  quantity  of 
aniline,  and  leave  oxanilide. 

Barium-salt. — The  white  crystalline  precipitate,  which  the  ammonium-salt  forms 
with  chloride  of  barium,  cry  stallises  from  the  solutiou  in  boiling  water,  in  specular 
rhombic  scales,  which  contain  29‘15  per  cent,  barium,  and  are  therefore  C'*H‘*Ba"N*0*. 

Obtain(*d  in  a similar  manner  with  chloride  of  calcium.  Tufts  of 
needles  containing  10  8 per  cent  calcium,  therefore  C‘*H'*CVN*0*. 

Silver-salt. — Obtained  in  like  manner  with  nitrate  of  silver.  White  tabular  crystals 
which  are  nearly  insoluble  in  cold,  but  dissolve  readily  in  hot  water.  They  contain 
39-8  per  cent  sliver:  therefore  C*H*AgNO*. 

Nitbxzophextloxahic  Acid.  See  NrniAzopHEXTi.AiiixB,  under  Pub2vti,x- 
xntKs. 

OXAMISE.  C’n'N’O’  = |n*  (Gm.  ix.  262;  Gerh.  L 276).— ThU 

compound  was  first  obtained  by  Bauhof  in  1817,  on  mixing  oxalic  ether  with  aqueous 
ammonia,  but  it  was  regarded  as  a compound  of  oxalic  ether  and  ammonia,  till  Liebig, 
in  1834,  showed  it  to  be  identical  with  the  oxamide  which  Dumas  bad  obtained  in 
1830  by  the  action  of  beat  on  neutral  oxalate  of  ammonium  (p.  252). 

When  neutral  oxalate  of  ammonium  is  subjected  to  dry  distUlation,  till  the  residue 
disappears,  oxamide  is  obtained,  partly  sublimed  in  the  neck  of  the  retort  tc^ther 
with  carbonate  of  ammonium,  partly  floating  in  flakes  on  the  watery  distillate.  The 
whole  is  suspended  in  water,  and  the  oxamide,  amounting  to  4 or  5 per  cent  of  the 
ammonium  salt,  is  collected  in  a filter  and  wa.«bed  with  water  (Dumas).  In  this 
process,  however,  a considerable  quantity  of  the  oxamide  is  decomposed  by  the  heat. 
Kence  it  is  more  advantageous  to  prepare  it  by  the  action  of  ammonia  on  oxalic  ether 
(p.  269).  For  this  purpose  aqueous  ammonia  is  mixed  with  oxalic  ether,  either  pure 
or  dissolved  in  alcohol,  and  the  precipitated  oxamide  is  washed  with  water  and  alcohol 
(Bauhof  and  Liebig).  Or  the  distillate  obtained  from  1 pt.  of  salt  of  sorrel,  1 pt. 
alcohol,  and  2 pts.  oil  of  vitriol,  maybe  immediately  shaken  up  with  aqueous  ammonia. 
The  clear  mixture  becomes  heated  and  deposits  oxamide,  which  must  be  washed  first 
with  water  and  then  with  alcohol.  (Liebig.) 

Oxamide  is  also  formed  from  cyanogen  and  cyanides.  Playfair  found  it  amongst 
the  products  of  the  action  of  nitric  acid  on  ferrocyanide  of  potassium  (ii.  251). 
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mixed  with  aldehyde  gradually  deposits  crystals  of  oxamide^  the  whole  of  the  cyanogen 
being  thereby  conrerted  into  oxamide,  while  the  aldehyde  appears  to  undergo  no 
alteration,  as  the  solution,  if  again  saturated  with  cyanogen,  yields  an  additional 
quantity  of  oxamide.  An  aqueous  solution  of  hydrocyanic  acid,  mixed  with  peroxide 
of  hydrogen,  gradually  yields  a crystalline  deposit  ot*  oxamide:  2CNH  + H O*  a 

Oxamide  is  also  formed  when  a mixture  of  potassiam-cyanide  and 
manganic  peroxide  is  heated  with  a small  quantity  of  sulphuric  acid.  (Attfield,  Chem. 
80c.  J.  xvi.  94.) 

A small  quantity  of  oxamide  appears  to  be  sometimes  formed  by  the  action  of  nitric 
acid  upon  acetone.  (Kiche,  Jahresb.  1859,  p.  340.) 

}*r(rp€rtiei. — Oxamide  is  a light  white  powder,  tasteless,  odourless,  and  insoluble  in 
cold  water.  Boiling  water  dissolvee  it  in  small  quantity,  and  deposits  it  on  cooling  in 
crystalline  flocks.  The  solution  is  neutral  to  test-papers,  and  aoes  not  precipitate 
calcium  salts.  Oxamide  is  insoluble  in  (UcoKqI. 

Dteompoeitions. — 1.  Oxamide  heated  in  an  open  tuberolatilisee  andfonnsaconfusedly 
crystalline  sublimate ; heated  in  a retort  it  decomposes  partially,  leaving  a residue  of 
charcoal.  The  vapour  passed  through  a red-hot  glass  tube  2 feet  long,  is  completely 
resolved,  without  deposition  of  carl^n,  into  carl^nic  oxide,  carbonate  of  ammonium, 
hydrocyanic  acid,  and  urea  (Liebig); 

2C*H*N*0*  - CO  + CO*  + NH*  + CNH  + CH<N*0. 

Oaamhle.  Ures. 

But  when  hermetically  sealed  in  a metal  tube  (which  conducts  the  heat  well)  and 
heated  for  some  minutes  to  3 1 0*^,  it  is  partially  decomposed,  yielding  cyanogen,  carbonic 
anhydride,  and  ammonia  (Malaguti).  The  flrst  products  are  probably  cyanogen 
and  water : 

C*H^N*0*  « 2CN  + 2H»0; 

but  the  water,  acting  at  200^^on  another  portion  of  the  oxamide,  forms  oxalate  of 
ammonium ; 

C*H^N*0*  + 2H*0  « C*(NH*)*0*; 

and  the  oxalate  of  ammonium  is  resolved  at  220°  into  ammonia,  carbonic  anhydride, 
and  carbonic  oxide.  Similarly,  a mixture  of  oxamide  and  sand,  heated  in  a retort  to 
300° — 330°,  yields  nothing  but  cyanogen,  carbonic  oxide,  and  carbonate  of  ammonium. 
(Malaguti) 

2.  Heated  with  phosphoric  anhydride^  it  yields  a large  quantity  of  cyanogen, 
together  with  carbonic  anhydride  and  carbonic  oxide.  (Bertagniui,  Ann,  Ch.  Pharm. 
civ.  176.) 

3.  Oxamide,  kept  in  contact  for  some  time  with  saturated  chlorine-water^  disappears 
completely,  forming  hydrochloric  acid,  oxalic  acid,  and  probably  also  chloride  of 
nitrogen,  which  then  undergoes  further  decomposition,  but  without  formation  of  sal- 
ammoniac.  (Malaguti) 

4.  Oxamide,  boil^  with  a fourfold  quantity  of  nitric  acid,  of  specific  gravity  P35, 
is  resolved  into  a mixture  of  1 voi  nitrogen,  1 vol.  nitrous  oxide,  and  2 vol.  carbonic 
anhydride  (Malaguti) : 

C*H*N*0*  + 2HNO*  - N*  + K*0  + 2C0*  + 3H*0. 

According  to  Bauhof,  nitric  acid,  even  when  hot,  has  no  action  upon  oxamide;  accord- 
ing to  O.  Henry  and  Plisson,  strong  nitric  acid  forms  with  it  ammonia  and  carbonic 
aniiydride. 

6.  With  strong  sidphuric  acid,  but  only  when  heated,  oxamide  forms  carbonic 
oxide  and  carbonic  anhydride  in  equal  volumes,  ammonia  remaining  behind  in  com- 
bination with  the  sulphuric  acid,  which  remains  colourless  (Dumas,  Liebig): 
eH'N»0*  + H»0  - CO  + CO*  + 2NH*. 

6.  All  the  stronger  acids  in  the  dilute  state  decompose  oxamidc,yieldinganammoniam- 
aalt  and  free  oxalic  acid.  (0.  Henry  and  Plisson.) 

C*H*NH)*  + H*SO*  + H*0  - (NH*)*SO*  + C*H»0*. 

Such  is  the  action  exerted  by  sulphuric,  hydrochloric,  nitric,  and  tartaric  acid,  as  well 
as  by  oxalic  acid  itself;  but  not  by  acetic  acid,  which  indeed,  when  boiled  with 
oxamide,  goes  off  in  vapour  without  exerting  any  action.  (0.  Henry  and  Plisson.) 

7.  Oxamide  is  not  altered  by  fourteen  days’  contact  with  cold  water,  or  by  boiling 
with  water ; but  when  heated  with  water  to  224°  und«r  increased  pressure,  it  yields  a 
liquid,  which  is  acid  offer  evaporation,  gives  off  ammonia  with  hydrated  oxide  of 
leM, and  yields  an  abundant  precipitate  with  calcium-salts.  (0.  Henry  and  Pliiaon  ) 
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8.  Oz&mide,  heated  with  aqucoaa  alkalis^  is  resolved  into  alkaline  oxalate  and 
ammonia,  which  TolatilUes,  without  any  trace  of  alcohol  (Dumas): 

+ 2KHO  - C*K*0*  + 2NIP. 

Aqueous  ammonia  decomposes  oxamide,  even  at  ordinary  temperatures,  gradually 
dissolving  it  in  the  same  manner  (0.  Henry  and  Plisson).  By  continued 
boiling  with  aqueous  ammonia,  oxamide  is  converted  into  oxamic  acid  (Toussaint, 
p.  279).  Boiling  carbonate  of  polaetiurti,  according  to  Bauhof,  has  no  action  upon 
oxamide. 

The  boiling  aqueous  solution  of  oxamide  does  not  precipitate  nitrate  or  acetote  of 
lead  ; but  on  the  addition  of  a small  quantity  of  ammonia,  and  application  of  b at  it 
throws  down  basic  oxalate  of  lead ; the  decomposition  of  oxamiae  into  oxalic  acid 
and  ammonia  takes  place  much  more  quickly  under  these  circumstances  than  under 
the  influence  of  acids  or  alkalis  alone,  being  assisted  probably  by  the  insolubility  of  the 
lead'Salt  (Peloure.) 

9.  On  gently  heating  oxamide  in  contact  with  poiasHum^  cyanide  of  potassium  is 
formed  with  vivid  deflagration  (Liebig) — probably  thus : 

C=H*N»0*  + K<  - 2CNK  + 2KH0  + H>. 

10.  When  oxamide  is  boiled  with  water,  and  mercuric  oxide  is  gradually  added,  a 
compound  of  the  bodies  containing  2C^H*N’'0*.Hg‘’0  separates  as  a white  powder 
(Dessaignes).  But  dry  oxamide  heated  with  mercuric  oxide,  is  oxidiW,  yielding 
urea  and  carbonic  anhydride  (W  i 1 1 i a m s o n) : 

+ Hg'O  - CH«N*0  + CO»  + Hg. 

Oxamidea  containing  Alcohol -rad idea. 

(C*0»)" 

Slxnetlkyloxaialde.  » (CH*)* 

464). — Neutral  oxalate  of  methylamine  is  resolved  by  dry  dLstUlatioo  into  water  and 
dimetbyloxamide : 

C»(Cn'N)»0*  -=  C*H'N»0*  + 2H*0. 

The  transformation  is  much  more  complete  than  that  of  oxalate  of  ammonium  into  ox* 
amide,  because  dimetbyloxamide  is  much  more  volatile  than  oxamide.  The  dimethyl- 
oxamide  collects  in  the  neck  of  the  retort  in  the  form  of  long  delicate  needles  inter- 
lacing each  other  in  all  directions. 

The  compound  is  also  produced  by  the  action  of  a solution  of  methylamine  on 
oxalic  ether,  the  products  being  alcohol  and  dimethyloxamide : 

OiOlVfO*  + 2CH‘N  = 2C»H»0  + C'H-NK)*. 

This  isthebetter  mode  of  preparation.  The  reaction  takes  place  immediately,  with  evo- 
lution of  heat,  the  product  being  a white  magma  compost  of  delicate  nct*dles;  these 
dissolve  readily  in  hot  water,  and,  as  the  solution  cools,  the  dimethyloxamide  cr^'stal- 
lises  in  the  form  of  long  interlaced  needles.  It  dissolves  in  alcohol  less  readily  than 
in  water.  The  fixed  alkalis  decompose  it  easily,  with  evolution  of  methylamine  and 
formation  of  an  alkaline  oxalate: 

C«H'N’0»  + 2KHO  = OK*0*  + 2CH*N. 

It  is  carbonised  by  phosphoric  anhydride. 

Bletbyloxamlde.  C*H'*N*0*  = (C*H*)*lN*  (Wurtx,  Ann.  Ch.  Phys.  [3] 

H*  J 

XXX.  490). — Obtained  by  methods  precisely  similar  to  those  which  yield  dimethyl- 
oxamide ; the  reaction  of  ethylamiue  on  oxalic  ether  affords  the  best  mode  of  pre- 
paration. 

Diethjloxamide  is  more  soluble  in  alcohol  and  water  than  oxamide.  From  the 
alcoholic  solution  it  crystallises  in  beautiful  needles.  It  is  volatile,  and  condenses  on 
the  surface  of  cold  lK>dies  in  woolly  crystals.  Potash  decomposes  it,  forming  ethyl- 
amine  and  oxalate  of  potassium : 

+ 2KHO  - C*K»0*  + 2C*H’N. 

Phosphoric  anhydride  carbonises  it. 

Hofmann,  by  acting  on  ethylic  diethyloxamate  (p.  281)  with  ammonia,  obtained  a 
compound  metameric  with  that  just  described,  but  d^ering  from  it  in  the  mode  of  its 
decomposition  by  alkalis,  yielding,  not  2 at  methylamine,  bnt  1 at.  diethylamine  and 
1 at  ammonia.  It  may,  in  fact  be  regarded  as  consisting  of  a molecule  of  diethylamine 
and  a molecule  of  ammonia,  bound  together  by  the  diatomic  radicle  oxalyl : 


j-N^.CW urtz,  Ann.  Ch.  Phys.  [3]  xxx. 
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(C’0*)"{  + 2KH0 

H»  }N 


- C»K*0‘  + C‘H"N  + H»N. 


Wurtz’a  dietbjloxamide,  on  the  other  hand,  consists  of  2 at.  ethylamine  bound  to- 
gether  in  a similar  manner. 

(c»o»r) 

niAiiiyloxamlde.  — (C*H*')*  >N*  (Wurtz,  /or.  cii.). — Obtained 

H*  ) 

hy  beating  etbjlic  oxalate  with  amylamine.  It  solidibes  to  a mass  of  eilky  needles, 
melting  at  139*^,  and  perfectly  volatile.  It  is  insoluble  in  water,  but  dissolves  in  hot 
alcohol,  firom  which  it  separates  almost  wholly  on  cooling. 

VapbthjUoxamldea.  a.  Dinaphthtl-ozakiob.  Oxanaphthalidf.  C**H‘*N*0* 

* (0*0’)"  >N*  (Zinin,  Ann.  Ch.  Pharm.  cviii.  22). — Produced,  together  with 

H»  ) 

naphthyl-formamide,  by  the  action  of  heat  on  neutral  or  acid  oxalate  of  naphthylamine. 
(Forthemodeof  formationand  preparation,  sceii.  681.)  It  forms  small  scales  insoluble 
in  water,  sparingly  soluble  in  filing  alcohol,  melting  at  about  200'^.  When  heated 
above  iu  melting  point,  it  is  gradually  decomposed,  mving  off  carbonic  oxide  and  leaving 
dinapbthylcarb^ide.  When  boiled  with  alcoholic  potash^  or  heated  with  very 
strong  aqueous  potash,  it  is  resolved  into  naphthylamine  and  oxalic  acid. 

0.  CrAXO-mNAPHTHTLoxAMiDB.  MmaphthoTimidc.  C**H'*N*0*  — ^ 

H j 

(Perkin,  Chem.  Soc.  Qu.  J.  ix.  8).  This  compound,  which  has  the  composition  of 
acid  oxalate  of  menaphtbylamine  minus  2 at.  water  (C’'H*’N*.C’H'0*  — 2H*0 
C**H‘*N*0*).  is  deposited  from  an  alcoholic  solution  of  dicyanide  of  menaphthylamine 
(p.  24)  mixed  with  hydrochloric  acid  and  left  at  rest,  in  small  yellow  spangles 
insoluble  in  water,  very  slightly  soluble  in  alcohol  and  riher.  It  melts  at  245^, 
and  decomposes  at  260^,  emitting  white  vapours  probably  containing  c^’anate  of 
naphtbyL  By  aqueous  potash  aud  hy  acids,  it  is  resolved  into  oxalic  acid  and  menaph- 
thylamlne. 

t.  Monoprextloxamidb  or  Oxaktlahide,  C*H"N’0* 


TCeajrloxamliles. 

(C*oT) 

C*H*  (A.  W.  Hofmann,  Ann. 
H*  j 


Ch.  Pharm.  Ixxiii.  181). — This  body  is 


To 


found  among  the  products  of  the  decomposition  of  cyaniline  by  hydrochloric  acid, 
prepare  it,  a solution  of  cyaniline  in  dilute  hydrochloric  acid  is  evaporated ; the  white 
crystalline  mass  is  freed  from  sal-ammoniac  and  bydrochlorate  of  aniline  by  digestion  in 
cold  water;  the  residue  well  boiled  with  water;  the  solution  evaporat^  to  di^mesa 
after  being  filtered  from  diphenyloxamide  ; and  the  residue  exhausted  by  boiling  with 
alcohol.  The  alcoholic  solution,  when  cooled  or  evaporated,  deposits  the  monophenyl- 
oxamide,  which  may  be  purified  by  recrystallisation  from  hot  water.  The  compound 
is  not  obtained  by  treating  oxamethane  with  aniline. 

Pbenyloxamide  forms  snow-white,  silky,  capillaiy  flakes,  which  sublime  in  the 
ferm  of  a soft  powder.  It  is  soluble  in  alcohol  and  ether,  and  ciystallises  from  boiling 
water. 

Strong  sulphuric  acid  eliminates  carbonic  oxide  and  carbonic  acid  from  it,  and  leaves 
sulphate  of  ammonium  together  with  sulphanilic  acid: 

2CH>2W*  + SH’SO*  = 2CO  + 2CO*  + (C«NH’)»S*0*  + (NH*)*S0‘. 

The  originally  transparent  solution  in  strong  potashAcy,  from  which  acids  throw 
down  the  pbenyloxamide  unaltered,  becomes  gradually  clouded  with  drops  of  aniline, 
the  more  quicUy  as  it  is  stronger  and  wanner,  then  gives  off  ammonia,  and  forms 
oxalate  of  potassium : 

C-HTTO*  + 2KHO  - C*H»N  + NH*  + C’K*0*. 

(C’0’)"1 

Diphkktloxakidb  or  OxAKiLiDB,  C‘*H'*X*0*  * (C*H’)*>X*(Gerhardt,  Ann. 

H*  ) 

Ch.  Phys.  [3]  xir.  120;  zv.  88; — J.  Pharm.  [3]  ix.  406; — Hofmann,  Ann.  Ch. 
Pharm.  Ixv.  66;  Ixxiii.  181  ; Ixxiv.  35). — This  compound  is  formed:  1.  Together  with 
phenyl-formamide  by  heating  oxalate  of  aniline  to  between  160°  and  180°  : 
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(C*H’N)*.C*H’0‘  =>  C”H'*N«0*  + 2IPO. 

Oxalate  of  aniline.  Dipheoyloaamlde. 

(C«H’N)*C*H*0<  = C^’KO  + C-H’N  + CO*  + H*0. 

Phenjrlfonn* 

amiile. 

The  ADplicntion  of  heat  muftt  be  continued  till  the  erolution  of  gaa  ceases,  and  the 
solidified  mass  exhausted  with  alcohol,  which  dissolve  the  pheD/lformamide,  and 
leaves  the  diphenyloxamide.  (Oerhardt.) 

2.  Toother  with  oxamide  and  monophenyloxamide,  in  the  decompoeition  of  cyani- 
line  by  dilate  hydrochloric  or  sulphuric  acid : 

4C'«H'*N*  + 8H»0  + 8HCI  « 4NH*C1  + 4C*H*NCI  + C»H*N*0* 

C/anllioo*  H}^rocblorat«  Oasmid*. 

of  anilitM. 

+ 2C*H*N*0»  + C“H'*N*0* 

Pbeojloxainlde.  Dipbenvl- 

OKamhle.  . 

The  solution  of  cyanlline  in  excess  of  dilate  hydrochloric  acid  is  evaporated  over  the 
water-bath  ; the  dry  residue  treated  with  cold  water  to  remove  sal-ammoniac  and  hydro- 
chlorate  of  aniline,  then  with  boiling  water,  to  dissolve  oxumide  and  monophenyloxamide ; 
and  the  diphenyloxamide  which  remains  undissolved  is  purified  by  solution  in  benzene, 
filtration,  and  evaporation,  and  by  washing  the  crystals  with  alcohol.  (Hofmann.) 

PmpcrfiVs.— Diphenyloxamide  crystallises  in  white  nacreous  scales,  which  melt  at 
245^,  and  solidify  in  a radiating  mass  on  cooling.  It  boiU  at  320^^,  giving  off  a sharp 
vapour  like  that  of  benzoic  and  distilling  for  the  most  part  without  decomposition,  and 
sublimes  at  a gentle  heat  in  iridescent  laminse.  It  does  not  di.«solve  in  water  or  in 
dilute  sulphuric  acid,  even  at  the  boiling  heat,  but  dissolves  in  slightly  heated  $trovg 
tuiphurie  arid ; and  is  precipitated  therefrom  without  alteration  by  water.  It  is  in- 
Boluble  in  cold,  sparingly  soluble  in  boiling  alcohol,  more  soluble  in  bcntene,  insoluble 
in  ether. 

Decompemtions. — 1.  Diphenyloxamide  subjected  to  rapid  distillation  yields  a small 
quantity  of  oil  containing  a trace  of  anilocyanic  acid,  which  gives  it  a powerful  odour. 
— 2.  i/romi«e  acts  violently  upon  diphenyloxamide,  giving  off  hydrobromic  acid,  and 
forming  a substance  which  dissolves  in  ether  and  crystallises  therefrom  (Oerhardt). 
— 3.  Hot  m'fric  oci'rf  gives  off  red  vapours  (GerhardtV  Aqueous  chromic  acid  and 
other  dilute  acids  do  not  act  upon  it,  even  when  heated. — The  solution  of  diphenyl- 
oxamide in  warm  oil  of  vitriol  effervesces  when  strongly  heated,  giving  off  carbonic 
oxide  and  carbonic  anhydride  in  equal  volumes;  it  then  turns  slightly  brown,  and,  on 
the  addition  of  a small  quantity  of  water,  deposits  a large  quantity  of  aniloeulphurie 
acid  in  the  form  of  a white  crystalline  powder  (Oerhardt) : 


C‘*H»*N*0*  + 2H*SO*  - (C?*H’N)*S*0*  + CO  + CO*  + H*0. 


6.  Diphenyloxamide  distilled  with  phosphoric  anhydride  or  chloride  of  zinc,  gives  off 
carbonic  oxido  and  carbonic  anhydride,  and  is  almost  completely  carbonised  ; never- 
theless, especially  with  phosphoric  anhydride,  the  oil  which  smells  of  anilocyanic  acid 
passes  over,  together  with  sublimed  diphenylcarbamide,  in  larger  quantity  than  when  the 
diphenyloxamide  is  distilled  alone  (Hofmann). — fi.  Vapour  of  diphenyloxamide  passed 
over  red-hot  lime  yields  a body  which  may  be  regarded  as  C‘*H*N*  (Hofmann).— 

7.  Diphenyloxamide  heated  with  dry  lime  giv<-s  off  aniline,  and  becomes  partially  car- 
bonised,  and  sometimes  heated  to  redness  (Oerhardt).  Anhydrous eliminates 
scarcely  an}’thing  butsniline  (Hofmann).  Diplienyloxamide  heated  with/>ofu.vA*frmc, 
hydrate  of  potassium,  or  concentrated  (not  with  dilute)  polashdcy,  is  resolved  into  a 
distillate  of  aniline  and  a residue  of  oxalate  of  potassium.  (Oerhardt.) 


y.  Craxo-DiPHSXTLoxa)fn>i  or  liKtAyoxonsB,  C**H"N*0* 


(CTI*)* 
(C*0*)' 
CN 
II  , 


N* 


(Hofmann.  Chem.  Soc.  Qu.  J.  ii,  307). — This  compound,  which  has  the  composition 
of  oxalate  of  melaniline  minus  2 at.  water,  is  formed  in  the  decomposition  of  dicyano* 
melaniline  by  acids : 


+ 2HQ  + 2H*0  C»*H“N*0*  + 2NH*CL 

To  prepare  it,  dicyanomelnniline  is  dissolved  in  moderately  strong  hj’drochloric  acid, 
and  the  gradually  precipitated  crystalline  powder  (or  slowly  crystallising  resin)  washed 
with  water.  It  is  a pale  yellow  indistinctly  crystalline  powder,  insoluble  in  VHxUr  and 
in  aqueous  acids,  sparingly  soluble  in  boiling  alcolud,  whence  it  crystallises  in  crusts. 
In  squeons  ammonia  or  potash  it  dissolyas  at  first  without  decomposition,  and  may  ba 
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precipitAted  from  the  solution  by  acids;  afterwards  decomposition  takes  place.  Its 
solntiOQ  in  weak  alcohol  forms,  with  nitrate  of  silver,  especially  on  addition  of  a small 
quantity  of  ammonia,  a light  yellow  amorphous  precipitate,  containing  from  25  4 to 
28*57  and  30'6  per  cent,  of  silver. 

Dremnpositions.^X.  Meliinorimide  melts  when  hcatfd,  giving  off  a large  quantity  of 
carbonic  oxide,  leather  with  a small  quantity  of  carl>onic  anhydride  (probably  result- 
ing from  a secondary  decomposition),  and  with  the  strong-smelling  vapour  of  anilocyanic 
acid,  about  10  per  cent,  of  which  condenses  in  the  form  of  a yellowish  liquid ; at  a 
stronger  heat,  the  melanoximide  ultimately  yields  diphenylcarbamide  sublimed  in 
radiating  crystals,  and  leaves  a nalc  yellow  transparent  mass  of  resin. — 2.  Melanoximide 
is  but  slightly  decompo^  by  ailute  sulphuric  or  hpdrochl4)ric  acid  ; but  when  dissolved 
in  alcohol  and  boiled  with  concentrated  hydrochloric  acid,  it  is  resolved  into  oxalic  acid, 
melaniline,  and  needles  not  yet  fully  examined,  the  solution  at  the  same  time  acquir- 
ing a deep  yellow  colour,  and  emitting  a powerful  odour  of  aniloeyanic  acid. — 3.  Its 
alcoholic  solution  solidifies  in  contact  with  am}nonia  or  potash^  either  of  which  takes  up 
a lar^e  quantity  of  oxalic  acid,  forming  crystals  of  melaniline;  and  a similar  decom- 
position takes  place  gradually  in  its  solution  in  aqueous  ammonia  or  potash,  especially 
when  concentrated. 

OZAWAPBTKAltZBS.  Syn.  with  DntAFRTHTLOXAMins  (p.  285). 

OXASmiLMISS.  Syn.  with  Puekyloxaxxob  (p.  285). 

OXAWZliZC  ACX1>.  Syn.  with  Pken-tloxauic  Acid  (p.  281). 

oaCAJrxuz>B.  Syn.  with  Diphbntloxahidb  (p.  285). 

OXAirZXiXJrB.  OH'NO  (R.  Schmidt,  Chem.  Soc.  J.  xvii.  194).— A base 
produced,  t^^ether  with  other  bodies,  by  the  action  of  heat  on  amido-salicylic  acid : 

C'H'NO*  = CH'NO  -f  CO* 

To  obtain  it,  amido-salicylic  acid  is  heated  with  pumice-stone,  and  the  resulting  sub- 
limate is  treated  with  alcohol  slightly  acidulated  with  acetic  acid;  oxaniline  then 
remains  in  the  form  of  a white  inodorous  mass.  It  dissolves  in  hot  water  and  hot 
alcohol,  and  separates  on  cooling  in  slightly  coloured  crystals. 

The  aqueous  solution  turns  brown  in  the  air,  and  deposits  a brown  amorphous 
substance.  It  easily  reduces  the  solutions  of  the  noble  metals,  acquiring  at  the  same 
time  a splendid  violet  colour,  which  is  also  imparted  to  it  by  nitric  acid.  When  mixed 
with  an  alkaline  liquid,  it  acquires  a deep  indigo-blue  colour,  which  disappears  on 
addition  of  an  acid. 

Oxaniline  unites  readily  with  hydrochloric,  hydrobromic,  hydriodic,  sulphuric  acid, 
&c.,  forming  soluble  crystallisable  salts.  The  solutions  decompose  in  contact  with  the 
air,  if  they  are  perfectly  neutral,  but  are  stable  when  add. 

OXAWTXUL&OBVa.  See  Pabakaputhalbnb. 

OXATOX.'TZ.ZO  ACZ2>.  (Moller  and  Strecker,  Ann.  Oh.  Fharm. 

rrjii-  56.)— An  add  produced,  together  with  methylic  alcohol,  by  boiling  vulpic  add 
with  potash-ley  of  specific  gravity  1*05  to  1*15  : 

+ 3H*0  = + CH*0  + 2CO* 

Vulpic  scid.  OxatoljUc  acid.  Methjrlic 

alcohol. 

When  the  decomposition  is  complete,  which  may  be  known  by  the  change  of  colour  of 
the  predpitate  from  yellow  to  a faint  dingy  tint,  the  oxatolylic  acid  may  be  precipitated 
by  hydrochloric  acid.  Itcrystallisesfromdcobol  in  colourless,  brittle,  right  rhombic,  four- 
sided prisms,  terminated  by  domes.  It  melts  at  154^,  volatilises  with  decomposition  at  a 
higher  temperature,  is  sparingly  soluble  in  hot  water,  easily  in  alcohol  and  other.  It  has 
a strong  acid  reaction,  and  forms  easily  soluble  salts  with  the  alkalis,  sparingly  soluble 
with  the  alkaline  earths.  The  barium-salt,  C**H“Ra"06.4H*0,  the  silver-sali,  C**H**AgO* 
and  the  Uad-saXt,  C**H**Pb"0*  4H*0,  are  crystalline  precipitates;  the  tther, 

C**H'*(C*H*)0*,  prepared  by  saturating  the  alcoholic  solution  of  the  add  with  hydro- 
chloric acid  and  beating,  or  more  easily  by  treating  the  silver-salt  with  ethylic  iodide, 
forms  colourless  prismatic  crystals,  which  melt  at  45*5^. 

Oxatolylic  adi  boiled  with  potash-ley  of  specific  gravity  1*2  to  1*3,  is  resolved  into 
oxalic  add  and  hydride  of  benzyl  (toluene),  C^H*,  which  distils  over : 

+ H*0  - C*H*0*  + 2CH*. 

It  dissolves  in  futniny  nitric  acid,  forming  nitro-oxatolylic  acid,C**H*(N0*)0*, 
which  is  resolved  with  greater  facility  by  boilixtg  potash  into  olalic  acid  and  hydrids 
of  nitrobenzyl. 
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OXSTKTXte  This  name  is  appIiM  to  peroxide  of  ethyl,  C*HK),  entmog  into  com- 
bination as  a monatomic  radicle,  (^e  Etrtlsxx^basbs,  iL  593,  and  PHOspHORrs-BASss.) 

Lichen  (Ann.  Ch.  Pharm.  cxxxiii.  287),  by  treating  the  chlorinated  derivatires  of 
ethylic  oxide,  with  ethylate  of  sodium  or  alcoholic  potash,  has  obtained  com- 

pounds consisting  of  ethylic  oxide,  in  which  1 or  2 at.  hydrogen  is  replaced  by  oxethyl. 

C*H*C1  1 

a.  Oxttkyl-chlorcthylic  oxide^  — This  compound  is  obtained  by 

treating  dichlorethylic  oxide  with  an  alcoholic  solution  of  sodium : 

^ v.pjTTni  (n  ...  vn 

C»n<Cli^  0 » C’H«(C*H»0)j^ 

The  action  begins  at  common  temperatures,  bnt  requires  the  aid  of  a gentle  heat 
to  complete  it.  The  alcoholic  liquid  is  then  to  be  mixed  with  a lai^e  quantity  of  water 
to  dissolve  out  the  chloride  of  sodium,  and  the  oil  which  separates  washed  with  water. 
Alcoholic  potash  acts  in  a similar  manner,  but  gives  rise  at  the  same  time  to  the  forma- 
tion of  a considerable  quantity  of  resinous  products. 

The  oil  obtained  as  above  consists  mainly  of  oxethyl-chlorethylic  oxide, 
which  is  heavier  than  water,  has  a very  agreeable  refreshing  odour,  and  boils  at  159®. 
It  is  difficult,  however,  to  obtain  this  compound  pore,  as,  according  to  the  greater  or 
smaller  Quantity  of  sodium-ethylate  emplo^r^.  the  product  is  contaminated  either  with 
dioxethyl-ethylic  oxide  (riW.  in/.)  or  with  dichlorethylic  oxide.  The  latter  may 
be  removed  by  beating  the  oil  to  100^  with  aqueous  potash,  but  the  remaining  oil  is 
still  contaminated  with  a more  highly  chlorinated  proauct. 

0.  Dioxfthytic  oxidf,  — Obtained  by  heating  dichlorethylic  oxide 

in  a sealed  tube  for  some  hours  to  about  140®,  with  excess  of  alcoholic  potash  or 
sodium-ethylatc : 


:iS» 


2NaCl. 


C*H‘(C«H»0)  ] 

1‘Clj^  - c»H\C’H*0,; 

Th«  product  is  washed  with  water  or  solution  of  chloride  of  caldnm.  and  dried  over 
chloride  of  calcium.  When  thus  purified  it  is  lighter  than  water,  and  boils  at  about 
1680. 

7.  Ethyl-oxtthyUe  oxidr,  qih‘(C’H*0)|  ethyl-chlorethylic  oxide 

the  product  obtained  by  the  action  of  tinc-ethyl  on  dichlorethylic  ether, 

■8  treated  with  sodinm-ethylate  or  alcoholic  potash,  and  the  product  treated  with  water 
as  above,  an  oil  is  obtained  consisting  chiefly  of  etbyl-oxetbylic  oxide,  together 
with  a very  small  quantity  of  another  compound  boiling  at  70o,  The  principal  re- 
action is  represented  by  the  equation  ; 


c=H<a  r' 


KC’HH) 


_ C>H'(CH‘) 

C=H*(OH‘0)P 


KCL 


Ethyl-oxethylic  oxide  is  an  oil  of  ethereal  odour,  lighter  than  water,  and  boilingat  1 48®. 
By  using  s^ium-methylate  instead  of  sodium-ethylate,  and  zinc-methyl  instead  of 
zinc-ethyl,  a whole  series  of  compounds  might  be  obtained,  homologous  with  those 
just  described.  (Lie ben.) 

OXMTHTMOrg-BAaM.  See  Ethtxzxs-baszs  (u.  593). 

OZBTH  T b.TRZETBTZe>TBOflVHOM  lUBL  See  PHOSPHORrs-BXSXS. 


OlUtAVEBXTS.  Syn.  with  ApoPHTLLrrs  (i.  357). 


See  OxTOBK. 


OXZ3>  ATZOV.  > 

oxxsss.  ( 
oxxmtxc  Aim. ; 
oimrBicASzir. ; 

OXOVXO  ACZB.  Syn.  with  Gltcoluc  Acid.  F.  Schulze  applied  this  name 
to  the  acid  obtained  by  the  action  of  nascent  hydrogen  on  pure  oxalic  acid,  supposing 
it  to  be  a distinct  acid  (see  it.  910,  No.  8). 


'I  Products  of  the  decomposition  of  indican  (iii.  247). 


OXtnuo  ACZX>.  Wkitt  puTfurk  acid. — These  names  were  applied  by  Van- 
qnelin  to  a product  obtained  by  treating  uric  acid  with  nitric  acid,  and  nentraliaing 
with  lime ; it  appears,  however,  to  have  Wn  merely  a mixture  of  alloxan  and  alloxanie 
acid.  (See  Gnulin't  Handbook,  x.  169.) 


OXTACAWTSZV.  A bitter  neutral  substance  obtained  by  Leroy  (VierVel- 
jahrseebr.  pr.  Pharm.  viiL  576)  from  the  whitethorn  (Crata^  oxyaeantba). 

OXTACAJTTBZWB.  C"H"X*0"  7 rinHint.  (Polei,  Arch.  Pharm.  vi.  286. — 
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W Ackcr,  Jahresb.  1861,  p.  645). — An  alkaloid  existing,  togplhor  with  borberln^,  in  th<» 
roof  of  BerhfrtA  vulgaris.  To  extmct  it,  the  root  is  cxhuiuvtod  with  nl<H3hol,  a little 
water  ia  added  to  the  extract,  and  the  alcohol  is  dlstiile^l  off.  The  remaining  liquid 
de(»<Mit0  a resin,  which  must  be  separated  by  fUtraliou,  and  the  filtrate  when  concen- 
trated deposits  crystals  of  V>erlK*riiio.  When  the  mother-liquors  no  longer  yield  this 
base,  they  are  to  be  diluted  with  four  raoasurea  of  water  and  precipitalwl  by  carb  iiiato 
of  sodium,  the  precipitate  waslnnl  with  cold  water  and  dissolved  in  dilute  sulphuric 
acid,  the  solution  docoloriscil  with  animal  charcoal,  and  the  oxyacanthiiic  again  pre- 
cipitated by  carbonate  of  sodium.  (Polex.) 

Oxyaoanthioe,  when  pure,  is  a white  powder  ordinarily  with  a yellowish  tinge.  It  may 
ht'  obtaioM  in  the  crystalline  state  by  spontaneous  evaj>oration  of  it.s  alcoholic  solution 
mixed  with  a qnantity  of  water  not  suffiiuent  to  render  it  turbid.  It  ha.s  a bitter  ta.ste, 
turns  brown  on  exposure  to  air  and  light,  melts  wheu  heated,  and  gives  off  water,  em- 
pyreumatic  va()Ours,  and  ammonia,. leaving  a carlx)naceous  residue  (Polex).  It  melti 
at  139^,  and  decomposes  at  a higher  temperature  (W acker).  It  is  nearly  insoluble  in 
cold  water,  but  when  recently  precipitatt'd  it  dissolves  in  a small  quantity  of  Iniiltng 
water.  It  U soluble  in  aleoliol,  ether,  and  oih  both  fixt^l  and  volatile:  its  solutiun.s 
bare  an  alkaline  reaction  (Polex).  According  to  Wacker,  it  dissolves  in  30  pts. 
of  Cfdd  alcohol,  and  in  its  own  weight  of  boiling  alcohol  of  90  per  cent.;  in  125  |>ts. 
cold  and  4 pts.  warm  ether,  also  in  chloroform.  VV'heii  precipitated  by  ammonia  fmm 
its  salts,  it  dissolves  in  a large  cxciuis  of  ammonia,  much  more  easily  in  caustic 
I*otiish,  not  in  alkaline  carbonatf-s. 

Oxyacanthine  is  dccompoe<Hl  by  mineral  aciils.  Nitric  acid  when  boiled  with  it  first 
rwsiuises  it,  and  then  conviTts  it  into  oxalic  acid  and  a Ixsly  resembling  lx*rberine, 
which  is  precipitated  in  yellow  flfxiks  by  water  (I^olex).  With  iodic  acid  and  asmall 
quantify  of  water,  it  sejMirates  iodine,  assuming  a yellow  or  brown  colour.  (W  ack  o r.) 
Air-tiriixi  oxyacanthine  lias,  accortiiug  to  Wacker, the  composition 
The  salts  hare  a bitter  taste  (Polex),  The  A//rfrfx’W«r<rff,  C**H**N^O*'.2lICI.4lPO, 
(Tvstallises  in  white  noilules:  so  likewise  the  sulpkatr^  and  the  less  soluble  nitrate ^ 
w^ich  contains  4 at.  water.  The  oxalaU  crj'stallises  in  sparingly  soluble  uet'dlos ; the 
aettatr  is  nnerystallisable.  (Wacker.) 

The  neutral  solution  of  the  acetate  gives  a white  precipitate  with  tincture  of  galls, 
nitrate  of  silver,  mercuric  chloride,  tartar-emetic,  and  stannous  chloride;  brown-n'd 
with  iodine;  yellow  with  plat iiiic  chloride  and  picric  acid:  it  is  not  precipitated  by 
roerrorous  nitrate,  ferric  chloride,  neutral  or  basic  acetate  of  lead,  copper-salts  or 
gelatin.  (Polex.) 

H*  ■)  Iff 

03CTAVZSAMIC  ACX1>.  CII'NO*  - (C*1PO)'*'Iq,.— Air©  uly  described  ea 

an  anisamic  acid  (i,  296).— The  rational  formula  just  given  represents  it  aa  derived 

.J 

from  a triatomie  and  monobasic  oxyanisic  acid.  C’H'O*  = (C*H*0)  >0*.  It  may 

also  b#*  regarded  as  amido-anisic  acid,  C"IP(NH^)0\  H ) 

StauMMala-oxjAnlAU&lo  Aoid«  or  DiazaanisamiSanisit:  acid,  C'*IP‘NH^*  « 
C*H*NHP.C“H*Nt>*.  (P.  Griess,  Ann.  Ch.  Pharm.  rxiii.  337;  cxvii.  44;  Jahresb. 
1859,  p.  467;  1861,  p.  414).  — An  acid  prcMluced  by  the  action  of  nitrous  acid  or  a 
nitrous  ether  on  an  alcoholic  solution  of  oxyani.snmic  acid  : 

2C"H*NO*  -I-  NIIO*  «.  C'*H“N’CP  + 2IPO. 

The  reaction  moi^t  take  place  at  a rather  low  temperature,  and  all  exce.ss  of  nitrous 
arid  must  be  aroitlfHl. 

Diazoanis-oxyaniicimie  acid  is  a yellow  or  greenish-yellow  amorphous  substance, 
an.*Uogoas  in  its  properties  and  reactions  to  diazob<*nro*oxyl'enzamic  aci4i  (p.  291). 
It  may  be  regarded  either  as  formwl  fnim  a double  molecule  of  oxyanisaniic  acitl  by  the 
sulistitution  of  I at.  nitrogen  for  3 at.  hydnigen,  and  repr«*sent«‘il  by  the  fnrrnuU 
or  aciX)nHng  to  Griess,  as  a compound  of  diazoanisie  acid  {i.e, 
aniaic  acid,  CH"0>,  in  which  2 atoms  of  hyd^en  nrt>  rt  plactnl  b)*  2 atoms  of 
nitrogen),  with  amido-anisie.  acid  (i.e.  anisic  acid  in  which  1 at.  hydrogen  is  r»‘placed  by 
amidog^n.  Mi*),  that  is  as  C^H*N*O*.C-H/(NH;)0>. 

The  reactions  of  diazoanis-oxyanisamic  acid  are  similar  to  those  of  diazbenzo- 
oxybenzamic  acid.  With  hydrochloric  acid  it  gives  off  nitrogen  and  forms  hydro- 
chlorate  of  oxyanisamic  acid,  which  remains  dissolve^!,  an<l  a re<l  amor|  hous 
powder  which,  when  purified,  exhibits  the  eharacters  of  an  acid  : 

2C’«H*^VO*  + 2IIC1  + IPO  - 2(CTPNOMICl)  + C'*IP*0^  + N*. 

Kthvlic  diazoanis-oxyanisamatf*  (iiW.  tn/',)  bf haves  with  Iiy<lrochIorie  acid  in  a similar 
manner.  Chlorantsic  acid  is  never  formeil  in  this  reaction;  neither  is  bromanisio 
VoL.  IV'.  U 
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ncid  produced  by  the  action  of  hydrobromic  acid  on  diazoonis-oxyanisamic  acid. 
//yc/nW/c  aciif,  on  the  contrary,  forms  iodunisic  acid  and  hydriodate  of  oxy- 
anisic  acid : 

+ 2IU  = C'lriO’  + C*H*NO».HI  + X*. 


The  iodanUic  acid  separates  as  a reddish  crystalline  mass,  and  when  purified  forms 
small  needles  easily  soluble  in  alcohol  and  ether,  nearly  insoluble  in  water.  The  hydro- 
chlorate  of  ozyanisamic  acid  which  remains  in  solution,  may  be  obtained  in  stellate 
groups  of  laminae  and  needles. 

Diazoanis-oxyauisumic  acid  suspended  in  boiling  alcohol  is  decomposed  by  nitrous 
acid,  with  evolution  of  nitrogen  and  formation  of  anisic  acid  and  acetic  aldehyde  : 

+ IINO»  2C=n‘0  = 2C*H*0*  + 2C»H*0  + 2H*0  + N*. 

Di-izo4nU>oxf>  Nitrous  Alcohol.  Aniiic  acid.  Alilehytle. 

anift^miic  acid.  acal. 


Alkalis  decompose  diazoanis-oxyanisamic  acid,  • forming  oxyouisamic  acid  and  the 
above-mentioned  red  body  C**H‘*0*. 

The  diazoanis-oxyanisamates,  C’*H‘*M*N*0*  or  C**H'*M"N*0*  (according 
to  the  atomicity  of  the  metal),  are  very  unstable  in  solution,  but  when  drj'  they  can 
bear  a heat  above  160^  without  decomposition.  The  alkali-mctul-salts  are  soluble  in 
water  ; tlie  rest  are  yellow  or  greenish-yellow  precipitates. 

The  ammoninvi^$uH  forms  golden-yellow  laminae,  and  decomposes  rapidly  wlien  its 
aqueous  solution  is  boiled.  The  potassinm^salty  C'*H**K’N*0*.2li*0,  forms  golden- 
yellow  Umime  which  give  off  three-fourths  of  their  water  at  120'^,  the  remainder  at 
about  160®;  at  180®  the  salt  decomposes  with  slight  detonation.  The  9odium-«aIt, 
2C'*ll‘*Na®N*0*.3lI*0,  crj’BtalUscs  in  golden-yellow  six-sided  tablets.  The  magnesium- 
salt  forms  greenish-yellow  crystals  sparingly  soluble  in  water. 

The  fthcra  of  diazoanis-oxyanisamic  acid  are  preptircni  by  passing  nitrous  acid 
vapour  into  alcoholic  solutions  of  tlie  corresponding  oxyanisamic  ethers.  The  rthylie 
fthrr  is  easily  soluble  in  hot  alcohol,  whence  it  ciystallises  on  cooling  in  narrow  yellow- 
red  laminre;  it  is  likewise  soluble  in  ether,  but  insoluble  iu  water.  The  msthylic  cthrr 
is  exactly  similar. 


II* 

AOZ3>.  = (C*H*0)"^q*  Bencamie  acid, 

Amidohrnzoic  acid.  (Zinin,  J.  pr.  Chem.  xxxri.  103.—  Chancel,  Compt.  rend.xxriii. 
422.— Gerland,  Ann.  Ch.  Pharm.  Ixxxvi.  143;  xci.  186. — Voit,  tAfrf.  xeix.  100.)— 
This  acid,  the  amic  acid  of  oxybenzoic  acid  C'HH)’,  was  formerly  aUled  Bencamie 
acid;  but  the  dr-uomination  is  improper  since  benzoic  acid  is  monobasic  and  cannot 
form  an  amic  acid  (u  165).  It  may  also  be  regarded  us  amidobencoic  acid 
C*H*(NH*)0*,  that  is  as  benzoic  acid  in  which  1 at.  hydrogen  is  replaced  by  amidogen. 

It  is  metamcric  with  phenyl-carbamic  acid,  (CO)"  Vtv- 

H 


It  is  best  prepared  by  dissolving  nitrobenzoic  acid  in  aqueous  ammonia,  and 
satuniting  the  boiling  solution  with  sulphuretted  hydrogen,  air  being  excluded  as  far  as 
possible.  The  liquid  is  decanted  from  the  separated  sulphur,  and  neutralised  with 
acetic  acid,  when  it  deposits  crystals  of  oxybenzamic  acid,  which  are  purified  by  reciystal- 
lisation  from  water  (CJerland).  Schiff  (Ann.  Ch.  Pharm.  ci.  94)  obtains  it  by 
digesting  nitrobenzoic  acid  with  iron-filings  and  acetic  ncid.  Chancel  obtains  it  by 
boiling  oxybenzo^liamide  with  strong  potiish  until  ammonia  ceases  to  escape,  and 
super-saturating  the  liquid  with  acetic  acid.  The  following  aro  the  reactions : 


C»H*NO*  -f-  SIPS  = C^U’NO*  + 2H*0  + S* 

Nitrobeotoic  add.  OxylH-ncamtc  «cid. 

CIl'N^O  + KUO  = C'IPKNO*  + NIP 

Ozfbt-iiZixliamide.  PcU»atc  Oxjbrhzamate. 


Oxybenzamic  acid  forms  white  crystalline  nodules,  or  tninsparent  needles,  according 
as  its  aqueous  solution  is  PvajiGratcd  rapidly  or  slowly.  It  has  a sweetish-sour  tast«?, 
and  reddens  litmus  strongly  ; is  sparingly  wduble  in  cold  water;  readily  in  lx>iUng 
water,  alcohol  or  dher.  Its  solution  decomposes  by  exposure  to  the  air,  and  yields  a 
brown  resinous  substance.  When  heated,  it  melts,  gives  off  irritating  vapours,  and 
Icavt's  an  abundant  residue  of  carbon,  lleatod  with  »p<-ngi/  platinum,  it  is  decomposed 
into  aniline  and  carbonic  acid.  Heated  with  Sofia  pitiash,  it  gives  off  empyrea- 
matic  vapours  containing  ammonia,  but  no  aniline;  under  the  same  circumstances 
phenylcarbamic  acid  yields  aniline  abundantly.  Boiled  with  fuming  liitric  acid. 
It  is  converted  into  trinitrophenic  (picric)  acid.  When  nitrous  acid  fwnrs  are  passed 
into  its  aqueous  s<dution,  nitrogen  is  evolved,  and  a red  amorjdious  pr«H!ipitate  formed, 
which  redisaolves  if  the  at!tion  of  the  gas  is  prolonged : the  solution  yields  on  evapora- 
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tion  erjstalfl  of  oxybenzoic  acid.  Nitrous  acid  passed  into  an  alcoholic  solution  of 
oxybenzamic  acid  converts  it  into  diazobenzoxybenzamic  acid  {vid.  but 

when  a solntion  of  oxybenzamic  acid  in  cold  aqueous  or  alcoholic  nitric  acid  is  exposed 
to  the  action  of  nitrons  acid,  the  product  consists  of  nitmto  of  diazobenzoic  acid, 
C*H*N*0».NH0*.  tGriess,  p.  293.) 

Ox^'benzamic  acid  is  converted  into  benzoic  acid  by  boiling  with  water  and  peroxide 
of  manganfgf^  or  p^rmanganafr  of  poia^^sium^  and  by  chhrinf  (in  an  aqueous  solution). 
In  an  alcoholic  solution,  chlorine  produces  a black  resinou.s  substance,  insoluble  in 
water,  soluble  in  alcohol  with  violet  colour.  It  Ls  attacked  by  polassic  chromate  and 
$ulphuric  acid,  carbonic  anhydride  being  evolved. 

yietallic  OTybencamateti.  C’H^MO*. — These  salts  resemble  the  anthranilates 
very  closely.  The  alkaline  and  alkaline-earthy  salts  are  readily  soluble  in  water  and 
alcohol,  and  crystallise  with  difficulty.  When  heated  with  potash  or  lime  they  evolve 
carbonic  anhydride,  aniline,  and  ammonia.  The  coppcr-$alt  is  a green  precipitate, 
insoluble  in  water  and  alcohol,  soluble  in  acids.  There  are  three  lead-saits ; one, 
pnlvenilent  and  insoluble  in  water;  another  forming  sparingly  soluble  neeiiies;  a 
third,  more  soluble,  forming  shining  laminte.  The  sihrr^a/t  is  a white  curdy  precipi- 
tate, which  soon  becomes  crystalline;  in  boiling  water  it  becomes  violet-brown,  but 
does  not  dissolve  ; it  is  decomposed  when  heated  above  100^. 

Oxy-hencamic  ethers.  (Chancel,  Compt.  rend.  xxx.  751.) — The  only  two 
known  are  the  oxyfi^^camate  of  meMy/,  C^H*(CH*)NO®  and  of  ethyl,  C^H*(C^H*)NO*. 
They  are  obtained  by  the  action  of  sulphide  of  ammonium  on  the  corresponding  nitru- 
benzoates;  on  the  addition  of  water,  they  separate  as  heavy  oily  liquids,  and  are 
puriti<*d  by  repeated  solution  in  alcohol  and  precipitation  by  water.  I’otash  converts 
them  into  oxybenzamic  acid  and  the  corrospouding  alcohol;  ammonia,  into  oxybenzo- 
diamide  and  the  corresponding  alcohol : 

CTH"NO'  + NIP  = C'H*N*0  + C’H-O. 

Oxrbentafnatc  ethyl.  Oxybeiiii>dUmlde. 

Like  phcnyl-carbamic  acid,  oxybenzamic  acid  combines  directly  with  acids.  The 
kydrochlorate  of  oxybenzamic  acid,  C^IPNO*.HCl,  separates  in  groups  of  needles,  when 
hydrochloric  acid  is  added  to  the  liquid  obtained  by  treating  nitrobenzoic  acid  with 
sulphide  of  ammonium  (V^ oit).  With  dichloride  of  platinum,  it  forms  a yellow  chloro- 
plaiinatf,  2C'H'NO*.H^l’.Pt'^CI‘.  The  nitrate,  C^H’NO*.NO*H,  is  formed  when  oxy- 
benzamic  acid  is  he^ited  with  nitric  acid;  the  acid  disrolves  quietly,  and  crystals 
separate  out  on  cooling,  which  are  repeatedly  crystallised  from  water.  It  forma  thin 
laminm,  permanent  in  the  air,  and  soluble  in  water  and  alcohol.  The  sulphate, 
2(C’H’NO*).SO*H*,  is  formed  when  oxybenzamic  acid  is  dissolved  in  strong  sulphuric 
a«'id.  Heat  is  evolved ; and  the  mixture  solidifies  on  cooling  into  a mass  of  shining  crystals, 
which  are  purified  by  recrystallisation  from  hot  water.  It  is  permanent  in  the  air,  and 
has  an  intensely  sweet  taste.  It  is  partly  decomposed  by  hot  water,  sulphuric  and  oxyben- 
xamic  acids  being  formed;  the  same  decomposition  is  effected  by  potash,  by  the  carbo- 
nates of  barium  and  lead,  and  by  boiling  with  chloride  of  barium.  (Gerland.) 

F.  T.  C. 


Jteetozjbensamlo  Aeid,  C*H*NO’ 


Q (G.  C.  Foster,  Chem. 


H 

C’H'O 
(C’H«0)"f 
H 

Soe.  Qu.  J.  xiii.  235). — This  acid,  mehimeric  with  hippuric  acid  (benzoxacetamic  acid, 
H 

V 

Q,  ii.  698 ; iii.  156),  is  produced:  1.  By  he.iting  oxybenzamic  acid  with 


C’H‘0 
<C^*0)' 

U 

acetic  acid  to  130® — 140®  in  a seale<l  tube  : 

+ CHPO* 


C»H*NO»  + H-0. 


2.  By  the  action  of  chloride  of  acetyl  or  acetic  acid  on  oxybenzamate  of  zinc : 
C“H'»Zn-N«0'  + 2C»H*OCl  - 2C*H"NO>  -t-  ZnTR 

The  first  process  is  the  best.  The  prodnet  is  di.ssolved  in  an  alkali,  precipitated  with 
hydrochloric  acid,  and  purified  by  recrystallisation,  with  aid  of  animal  charcoal. 

Acetoxybenzamic  acid  is  a white  powder  consisting  of  micr»>seopic  crystals,  nearly 
insoluble  in  cold  toaUr  and  ether,  sparingly  soluble  in  boiling  water,  easily  in  boiling 
alc^’hol.  Like  hippuric  acid,  it  di-ssolves  easily  in  ordinary’  phosphate  of  senlium,  forming 
an  acid  solution  from  which  it  is  precipitated  by  acetic  acid  and  uy  mineral  acids.  Wttii 
strong  sulphuric  acid  and  glacial  acetic  acid,  it  forms  colourless  solutions  which  are 
precipitated  by  water.  With  hydrocldoric  and  nitric  acids  it  appears  to  form  solid  but 

V 2 
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easily  decomposible  compoundB.  It  subliroeg  at  200®,  molts  between  220®  and  230®, 
and  begins  to  boil  at  260-^.  It  is  not  decomposed  by  boiling  with  water  or  with  dilute 
acids,  but  when  heated  with  hydrochloric  or  diliUr  ixUphuric  acid  to  140®  in  a seule<l 
tube,  it  is  resolred  into  acetic  acid  and  (hydrochlorate  or  sulphate  of)  oxybenzaniic 
acid,  just  os  hippuric  acid  is  resolved  under  similar  circumstances  into  bcnxoic  and 
oxyacetamic  acid  or  glycocine  (iii.  158) : 

CTI'NO*  + H»0  = C*H‘0»  + C'H'NO*. 

When  treated  with  an  alcoholic  solution  of  hydrochloric  acid,  it  yields,  slowly  in  the 
colli,  more  quickly  at  100®,  oxybenzamato  and  acetate  of  etliyl,  together  with  the  free 
acids.  When  nitrous  acid  is  passed  into  a boiling  solutiun  of  acetoxybenzamic  acid, 
or  when  a mixture  of  the  latter  with  nitric  acid  is  treated  with  uitrie  oxide  giis,  nitro- 
compounds are  produced,  but  no  acetoxylK'nzoic  acid. 

Aettoxyhenzamates, — The  ‘potassium^  and  sodinm-faUs  are  easily  soluble  in 
water  and  in  alcohol,  insoluble  in  ether,  and  difficult  to  ciystnllise.  The  sodiuiU'SaU 
dried  at  120®  has  the  composition  C*H*NaNO*.  The  }>arium-mlt,  C'*H'*Ba"N*0*.3H*(>, 
is  also  easily  soluble  and  crystallises  in  slender  needles.  The  calcium-salt,  C'*H‘'ra” 
N*0*.3H*0,  is  deposite<l  from  the  hot  solution  in  thin  rhombic  laminae.  The  lead-salt 
is  a white  precipitate  which  melts  in  boiling  water  and  gradually  dissolves.  Nitrate 
of  silver  and  chloride  of  zinc  do  not  precipitate  moderately  strong  solutions  of  acotoxy- 
bonzanintos. 

Ethylic  oiylumznmatf  appears  to  be  obtained  as  an  oily,  gradually  solidifying  com- 
pound by  heating  acetoxybenzamic  acid  with  alcohol  to  150®. 

Bcnsozybensamlo  Aold,  C'*H"NO'  — (C’n^'0)~[o'  1° 

duced  by  th5  action  of  chloride  of  benzoyl  on  oxybenzamate  of  zinc.  The  product, 
which  is  insoluble  in  ether,  sparingly  soluble  in  water  and  in  alcohol,  and  resf'mbles 
acetoxybenzamic  acid  in  taste  and  in  appearance  under  the  microscope,  is  probably  iden- 
tical with  the  ylycobcnzamic  acid  wliich  Ca hours  obtained  (Ann.  Ch.  Phorm.  ciii.  90) 
by  treating  oxybenzamate  of  silver  with  chloride  of  benzoyl.  (F oster.) 

SiaxoDenxo  •ozybensamlo  or  Slazobenso- amldobensoio  JLotd. 
C'<H"N>0*  = C’H*N*0*.C^H^N0».  (P.  Griess.  Ann.  Ch.  Pharm.  exvii.  334:  civii.  1.) 
— This  acid  is  a product  of  tlio  action  of  nitrous  acid  on  oxybenzamic  acid : 

2C’H’NO*  +.  NHO*  ..  C>*H"NO*  + 2HK). 

It  may  be  regarded  either  as  a double  or  coniugatetl  acid  composed  of  a molecule 
of  oxybenzamic  acid  associated  with  a molecule  of  benzoic  acid  having  2 atoms  of 
hydrogen  replaced  by  2 atoms  of  monatomic  nitrogen,  as  represented  by  the  pre  ceding 
formula,  or  as  a double  molecule  of  oxybenzainie  acid  having  3 atoms  of  nydrogeu 
replaced  by  1 atom  of  triatomic  nitrogen,  in  which  case  it  may  be  called  azo-dioxy- 
benzamic  acid,  and  represenUni  by  the  formula  C‘\H"N'")N’0*.  The  former  is  the 
Tiew  adopted  by  Griess  for  this  acid  and  its  homolc^es. 

It  is  prepannl  by  passing  nitrous  acid  vapour  into  an  alcoholic  solution  of  oxy- 
benzamic  acid  externally  cooled  (the  aqueous  solution  does  not  yield  a pure  pi\Kluct), 
or  iKtter  by  mixing  nitrite  of  ethyl  (obtained  by  saturating  alcohol  in  the  cold  with 
nitrous  acid)  with  alcoholic  oxybenzamic  acid,  and  heating  the  mixture  to  about  30®. 
The  acid  then  separates  in  microscopic  crystals,  wliich  may  bo  purified  by  wasbiug 
with  alcohol. 

Diazubcnzo-oxybcuzamic  acid  forms  crystalline  granules  or  small  needles  of  a fine 
orange-yellow  colour.  It  has  neither  taste  nor  smell,  an<l  is  nearly  in«oluble  in  vatcr, 
alcohol,  ether,  sulphide  of  carlton,  and  chloroform.  It  dissolves  in  mineral  acids,  especiidly 
with  aid  of  heat,  but  does  not  separate  therefrom  without  alteration.  It  dissolves  in 
potash  and  in  ammonia,  and  is  precipitated  from  the  solution  by  acids,  even  by  acetic 
acid.  It  may  bo  dried  at  100°  without  decomposition,  but  at  180®  it  exploiles  and 
gives  off  gas  with  violence.  Hydrochloric  acid  at  a gentle  heat,  converts  it  into 
chlorobonzoic  acid  and  hydrochlorate  of  oxybenzamic  acid,  with  evolution 
of  nitrogen  : 

C*H*N*O^C»H’NO*  + 2na  - C’H^aO*  + C»H^OUICl  N*. 

TJydriodic  acirf  acta  in  a similar  manner,  producing  iodobenzoic  acid  CWIO*, 
and  hydriodate  of  oxybenzamic  acid.  A similar  action  appears  also  to  be  exortM  by 
hydrojiuoric  acid,  hydnycyanic  acid,  and  the  l/roniide,  ioilide,  &c.,  of  ethyl.  Bromine  in 
the  anhydrous  state  acts  with  groat  violence  on  diazobenzo-oxybenzamic  acid,  nitrogen 
and  hydrobromic  acid  being  given  off,  and  a resinous  mixture  formed,  consisting  of 
several  broroinated  acids.  If  bromiue  bo  added  to  the  acid  suspended  in  water,  the  action 
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tftkes  place  more  quietly,  anda  product  iBobtamed  from  which  bromobenzoie  acid, 
C^H*BrO*,  and  tribromobenzoicacid,  C’H*I5r*0*  (or  compounds  isomeric  t herewith), 
may  be  separated.  Brominated  deriTatires  of  oxy benzoic  acid  and  of  oxybenzamic  acid 
are  probably  formed  at  the  same  time.  Chlorine  acta  like  bromine.  Iodine  acta  less 
enei^nically,  the  dry  vapours  not  attacking  the  acid  at  all ; but  when  iodine  is  added  to 
boiling  water  in  which  the  acid  is  suspended,  iodoxy  benzoic  acid  is  formed,  together 
with  hydriodate  of  oxybenzamic  acid.  The  former  of  these  products  is  nearly 
insoluble  in  water,  the  latter  easily  soluble: 

C'^H"N»0*  + I*  + H»0  « C»H‘IO*  + C’HT^OMn  + N* 

Fuming  nitric  acid  decomposes  diazobenaMixybenxamic  acid  with  violence,  and  sets 
it  on  fire.  Ordinair  concentrated  nitric  acid  dissolves  it  at  a gentle  heat,  forming  a 
reddish  liquid,  which  decomposes  at  a higher  temperature,  with  violent  evolution  of  red 
vapours;  and  the  remaining  liquid,  when  evaporated,  yields  among  other  products, 
crystals  of  trinitroxybenzoie  acid,  Kitroua  acid  passed  into 

boiling  water  in  which  diazobenzo-oxy^nzamic  acid  is  suspended,  converts  it  into 
nitroxybenzoic  acid,  C’H*(N0*)0*,  with  evolution  of  nitrogen.  Probably  oxy- 
benzoic  acid  is  first  formed,  according  to  the  equation : 

C'*H"N»0*  + NHO*  = 2C’H*0>  + N*. 

But  if  the  diazobenzo^oxybenzamic  acid  be  suspended  in  alcohol  previously  saturated 
with  nitrous  acid,  an  additional  quantity  of  nitrous  gas  then  passed  into  it,  and  the 
alcohol  afterwards  evaporated,  a red-brown  residue  is  obtained  consisting  chiefiy  of 
salylic  acid.  The  reaction  appears  to  take  place  as  follows : 

C*’H"N*0*  + 2C*H«0  + NHO*  =*  2C’H*0*  + 2C*H*0  + 2H»0  + N*. 

DUzob^nso-oxyben-  Alcohol  Nitrous  Saljlicacid.  Aldehyde, 

aamic  acid.  acid. 

When  a solution  of  diazobcnzo-ozybenzamic  acid  in  aqueous  ammonia  is  evaporated  till 
nitrogen  ceases  to  escape,  then  a little  furtherconcentrated  on  the  water-bath,  and  mixed 
with  hydrochloric  acid,  a red  amorphous  substance  sep^tes,  having  apparently  the  com- 
position ; and  the  liquid  retains  oxybenzamic  acid  combined  with  hydrochloric 

acid: 

2C"H"N'0‘  + H»0  = C>*H'*0*  + 2C'H’NO*  + N‘. 

Diazobenzo-oxybenzamates.  The  acid  dissolves  in  alkalis,  neutralising  them 
completely,  and  expels  carbonic  acid  from  carbonates.  The  general  formula  of  its  salts 
is  C**H*if*N*0*,  or  C’*H*M'*N*0\  according  to  the  atomicity  of  the  metal.  The  diazo- 
beuzo-oxybenzamates  of  the  alkali-metals  are  easily  soluble  in  water,  stable  when  diy, 
but  decompose  easily  in  solution,  giving  off  nitrogen  gas.  With  solutions  of  the  earth- 
metals  and  heavy  metals,  the  acid  forms  insoluble  or  sparingly  soluble  precipitates. 

The  C^H*(NIP)*N*0\  forms  microscopic  needles.  The  potassium* 

salt,  C'H*K*N*0\  is  best  prepared  by  dissolving  the  acid  in  a largo  excess  of  carbonate 
of  potassium  heated  to  about  80^.  It  then  separates  on  cooling  in  extremely  small 
vellowish-white  needles,  which  exhibit  brilliant  iridescence  while  floating  in  the  mother- 
liquor.  It  dissolves  readily  in  hot  water,  cryetaUising  tberefoom  in  nodules ; sparingly 
in  a strong  solution  of  carbonate  of  potassium;  not  at, all  in  alcohol  or  ether.  Afier 
drying  in  the  air,  it  does  not  give  off  any  thing  at  160°,  but  detonates  at  a higher 
temperature.  The  $odium~aalt  eXoaeXy  resembles  the  potassium-salt.  The  barium-salt, 
C‘^H*Ba"N*0\  is  obtained  by  mixing  the  solution  of  the  potassium-salt  with  nitrate  of 
barium,  as  a yellowish-white  crystalline  precipitate,  nearly  insoluble  in  water,  quite 
insoluble  in  alcohol  and  ether.  The  calcium-salt  is  very  similar.  The  magnesium-salt 
crystallises  in  yellow  needle  often  grouped  in  small  spheres,  readily  soluble  in  water. 
The  ferric  salt  is  a yellow  precipitate.  The  is  yellowish,  amorphous,  insoluble 

in  water.  The  copper-salt  when  dry  is  a greenish  amorphous  powder.  The  mercuric 
salt  is  a yellow-^eu  precipitate.  The  silver-salt,  C**H*Ag*N*0\  obtained  by  treating 
a nontral  solution  of  the  ammonium-salt  with  nitrate  of  silver,  is  a greenish-yellow 
gelatinous  precipitate,  yellow  when  dry,  insoluble  in  water,  alcohol,  and  ether,  per- 
manent at  100°  C,  detonating  at  higher  temperatures. 

Diaeobemo-oxyhemamic  ethers.  The  compound,  C**IP(CTI*)*N*0^ 

is’obtained  by  passing  nitrous  acid  gas  into  an  alcoholic  solution  of  ethylic  oxybenzamate, 
and  separates  m yellow  crystals,  \^ich  quickly  increase,  and  cause  the  liquid  to  solidify, 
if  not  too  dilute.  By  washing  with  cold  alcohol,  and  recrystallisation  from  boiling 
alcohol,  the  ether  is  obtained  in  golden-yellow  capillary  needles.  It  is  insoluble  in 
water,  moderately  soluble  in  boiling  alcoliol  and  eth«T.  Melts  at  144°  but  does  not 
solidify  a^n  till  it  has  been  kept  for  a day  at  a low  temperature.  When  strongly 
heated,  it  decomposes  with  evolution  of  nitrogim.  It  dissolves,  though  with  difiicultyi 
in  dilute  acids,  and  is  precipitated  by  ammonia. 
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The  mUkylic  cther^  C'*U*(CH*)“N*0\  may  he  prepared  like  the  ethyl-CDmpound,  or 
Iwtter  by  passing  nitrous  acid  into  an  ethereal  solution  of  roethylic  oxybenzamate.  It 
8e|»arate8  in  crystalline  spherules,  which  dissolve  with  moderate  facility  in  warm 
alcfdio),  and  Kepamte  on  cooling  either  in  the  same  f«>rra  or  in  obtuse  lancet-shaped 
yellow  ciy'Htals.  It  is  insoluble  in  water,  melts  at  160"  and  exhibits  the  same  peculi- 
arity in  solidifying  us  the  ethyl-compound,  which  it  likewise  resembles  in  other 
res|>ects.  ( G r i e s s. ) 

priTivsn  > 

Blaxo1>en»oto  Acid.  C’H*N=0*  = >0.  (Griess,  Ann.  Ch.  Pharm. 

cxx.  125). — This  ncid  is  sc|virated  by  alkalis  fn>ni  its  compound  with  nitric  acid,  as  a 
yellow  mass  which  quickly  decomposes.  It  unites  with  other  acids,  namely  with  nitric 
and  hydrochloric  acids,  and  with  oxyl>enxamic  acid,  forming  the  acid  just  described. 

SUruio^iatobtnsQic  acid,  CTPNHP  » C’U^N*0®.NII0*,  is  produced  by  the  action 
of  nitrous  acid  on  a cold  solution  of  oxybimzamic  acid  in  aqueous  or  alcoholic  nitric 
acid.  It  separates  from  iho  solution  in  white  prisms,  which  dissolve  sparingly  in 
cold  water,  and  explode  violently  when  heated.  Boiling  water  decomposes  it  quickly, 
with  evolution  of  nitrogen,  separation  of  nitric  acid,  and  probably  with  formation  of 
oxybeoxolc  acid : perhaps  thus, 

C’H*N*0*NH0>  + 11*0  - Cai«0*  + N>  + K1I0«. 

Ethylic  nitrato-diacoUnsoaU  is  obtained  by  the  action  of  nitrous  acid  on  ethylic 
nitr.ito-oiybenzamate ; its  aqui*ous  solution  mixed  with  auric  chloride  yields  a gold-salt, 
C^H*(C’U'*)X*0*.UCl.AuCl*,  which  crystallises  from  alcohol  in  golden-yellow  prisms. 

The  pUitinuvi-salt  of  chlorkydrato-diazobcnzoic]  acid,  2C^n*N*0’. 21101, Pl'’Cl\  U 
obtaine<f  in  yellow  prisms  on  mixing  an  miuious  solution  of  nitrato-diazobenzoic  acid 
with  platinic  chloride.  When  treated  with  sulphydric  acid,  it  yields  sulphoxyben- 
zoic  acid, probably  thus, 


2C'H«N’0’.2HCUHCP  + 4H*S  - 2C'IIK)*S  + 6HC1  + PtS*. 

11*  )v 

Biozybenxamlo  Aold.  CGPN'O*  — (CG1*0)'">q  , (Voit,  Ann.  Ch.  Pharm. 


xcix.  IOC.) — This  acid,  which  mav  be  regarded  as  a diamic  acid  derived  from  a hypo- 
thctical  dioxybenzoic  acid,  ' H*  ^ diamido-benzoic  acid, 


CGP(NH^)*0*,  is  formed  by  the  reduction  of  dinitrobenzoicacid  by  sulphuretted  hydrogen 
or  ferrous  acetate.  A hot  ammuniacal  lolution  of  dinitrobenzoic  acid  is  saturated  with 
sulpliurettcd  hydrogen,  filtered,  evaporated  on  the  water-bath,  saturated  with  hydro- 
chloric acid,  and  filtered  hot ; and  the  crystals  of  hydroclilorate  which  separate  are 
converted  into  sulphate,  and  decompo.sed  by  barytic  carbonate.  The  filtrate  on  evaj>or- 
alion  (first  over  a water-bath,  finally  over  sulphuric  acid), yields  small,  greenish,  pointed 
cr}'stalsof  dioxybenzaniic  acid.whieh  have  no  taste,  arc  neutral  to  litmus,  and  soluble  iu 
water,  alcohol,  or  ether;  they  melt  and  blacken  at  196®,  and  cannot  be  sublimed. 
Nitrous  fumes  pat^sed  into  its  hut  solution  from  a red  rt*sinous  mass. 

This  compound  is  no  acid,  for  it  does  not  combine  with  bases ; on  the  contniry,  it 
combines  with  several  aciih*,  forming  definite,  mostly  crystallisuble  salts.  The  acetaU, 
obtained  by  decomposing  the  sulphate  with  acetate  of  barium,  turns  brown  on  evapor- 
ation, and  finally  deposits  brownish  prismatic  crystals.  The  impure  hydrochlorate 
obtained  as  above,  is  purifitd  by  solution  in  water  and  addition  of  hydrochloric  acid; 
the  pure  compound,  C^1PN*0*.211C1,  is  tlien  obtained  in  white  nceilies,  soluble 
in  w'utcr,  alcohol,  or  ether.  Its  solution  decomposes  in  the  air,  or  when  heat*;d. 
It  does  not  precipitate  platinic  chloride,  but  the  mixture,  when  evaporated  over 
sulphuric  acid,  yields  brown  cru.‘<t8  of  llic  chhroplatinate,  2C’Il*N*0’.4HCl.Pl‘'CT*. 
T!\\c  nitrate,  and  oj*a/a/r  are  both  crystalline  and  dark-coloured;  the  eulphatc  may  be 
obtained  almost  colourless  by  recrystallisution  from  alcohol ; it  is  less  soluble  in  alcohol 
than  in  water.  F T.  C. 


OXTBSirZODXAMlSZ.  C’H'NK)  ->  (C"H*0)  Amidobenzamide, 

^ ^^|n.  (Chancel,  Ann.  Ch.  Pharm.  IxU.  274.) — This  compound,  isomeric 

with  phenyl-carbamide  or  aniline-urea  (i.  765),  is  obtained  by  the  action  of  sulphide 
of  ammonium  on  nitrob«'nzumide  in  aqueous  solution  : 


C=H-^NO=)Ojj,.  ^ ^ + 2IP0  . S>. 

It  separates  from  the  solution  in  crystals  containing  1 at.  water  (C^H*N’0.H*0X  which 
it  gives  off  at  100® — 120®.  It  is  soluble  in  tenter,  alcf/hol,  and  ether,  but  the  alcoholic 
solution  quickly  turns  red  and  appears  to  decompose.  Crystallised  oxybenzodiamide 
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melts  at  72^ ; tlic  dehydrated  compouod  above  100*^  ; at  higher  temperatures  it  decom* 
poses,  leaving  a carbonaceous  residue.  When  gently  heated  with  potash-lime^  it  is 
resolved  into  ammonia  and  oxybenzamate  of  potassium: 

Cm*N’0  + KliO  - NH>  + C*H•K^’0^ 

the  latter  being  further  resolved*  at  a higher  temperature,  into  aniline  and  potassic 
carbonate : 

eil'KNO*  + IvHO  « OH'N  + K-CO*. 

Heated  with  sulphuric  acid,  it  is  resolved  into  carbonic  anhydride,  acid  eulpliate  of 
ammonium,  and  phenyl-sulphamic  acid : 

C^H'N^O  + 2H=S0‘  =-  CO*  + |S0*  + 

Oxybenzoiliamide  unites  with  acids.  Tht  nitrate,  CHI*N*O.KHO*,  forms  crystalline 
crusts  or  nodular  groups  of  prisms  sparingly  soluble  in  water.  On  mixing  moderately 
dilute  solutions  of  oxybenzodiamide  and  silver-nitrate  at  the  boiling  heut,  the  liquid  on 
cooling  deposits  the  compound  C*H'’N*O.NAgO*  in  needles  w*hicb  become  coloured 
wJien  exposed  to  light.  The  kydrochhrate,  C'I1*N*0.HC1,  crystallises  from  aqueous 
solution  in  small  needles.  A solution  of  oxybenzodiamide  in  boiling  water,  mixed  with 
excess  of  hydrochloric  acid,  and  then  with  platinic  chloride,  yields  long  orange-coloured 
prisms  of  the  platinum-salt,  2C*H*N*O.U*Cl*.Pl*'Cl*.  (Chancel.) 

An  ethereal  solution  of  oxybenzodiamide  treatcnl  with  nitrous  acid,  yields  white  explosive 

CHI*N*0  f 

needles  of  nitrate  of  diazobenzamide,  jj,  JN.XHO*,  which,  when  treated 

with  hydrochloric  acid  and  platinic  chloride,  yields  the  salt  2C*H*N’O.H*CP.Pt‘’Cl^. 
(Griess,  Ann.  Ch.  Pharm.  cxx.  127.) 

OX7BBVZOZO  ACZO.  C'H»0*  = (C^H‘0)"lO*.  (Gerland,  Ann.  Ch. 

. i 

Pharm,  xci.  186. — Griess,  ihid.  cxviL  1;  Zeitsclir.  Ch.  Pharm.  1862,  p.  97.) — An 
acid  metameric  with  salicylic  acid,  obtained:  1.  Py  the  prolonged  action  of  nitrous  acid 
on  oxybenzamic  acid  (Gerland).  In  this  reaction,  which  yields  but  a small  quantity 
of  oxybenzoic  acid,  diazobenzo-oxybenzumic  acid  is  6rst  formed,  and  aAerwanis  par- 
tially converted  into  oxybenzoic  acid  (Griess,  p.  292). — 2.  It  is  much  more  easily 
obtained  by  decomposing  nitrato-diazobenzoic  acid  with  boiling  water  (Griess) : 

C*H*N*0*.NH0*  + H*0  « C^U«0>  + NIIO”  + N* 

Oxybenzoic  is  a colourless  oryelJowish  crystalline  powder,  sparingly  soluble  in  cold  water 
and  dlcokol,  easily  soluble  in  the  same  liquids  at  boiling  heat ; the  solutions  are  strongly 
acid.  It  melts  at  a high  temperature,  and  dislils  without  decomposition ; volatilises 
with  vapour  of  water  when  its  aqueous  solution  is  boiled,  and  condenses  in  shining 
needles.  It  is  permanent  in  the  air,  and  does  not  lose  weight  at  100^.  When  quickly 
heated,  it  splits  up  (like  salicylic  acid)  into  carbonic  anhydride  and  phony  lie  alcohol ; 
the  decomposition  takes  place  more  easily  when  the  acid  is  heated  with  slaked  lime. 
It  is  distinguished  from  salicylic  acid  by  the  fact  that  its  aqueous  solution  is  not 
coloured  violet  by  ferric  salts.  (Gerland.) 

Oxybenzoic  acid  is  monobasic;  it  displaces  carbonic  acid  and  neutralises  alkalis.  The 
oxybenzoates  of  the  alkali-metals  are  very  soluble  and  difficult  to  ciystallise;  those  of 
the  alkaline  earth-metals  are  less  soluble  and  crystallise  in  needles;  the  rest  are  insoluble 
in  water  and  in  alcohol,  but  soluble  in  acids.  The  lead-salt  contains  C’*H‘"Pb  "0*. 
(Gerland.) 

lodoxyhenzoic  acid,  — Produced  by  the  action  ofiodino  on  cHazobenzo- 

oxybenzamic  acid  (p.  292).  It  msually  crystallises  in  long  narrow  colourless  laminee, 
which  sublime  at  a gentle  beat,  but  are  decomposed  when  quickly  heated,  giving  off 
vapours  of  iodine.  (Griess,  /oc.  ci^.) 

Hitroxyhenzoic  acid,  C’H*KO*  ■■  C^H*(N0*)0*,  is  formed  by  the  action  of  nitric 
acid  of  specific  gravity  P36  at  ordinary  temperatures  on  oxylienzoicacid ; with  stronger 
nitric  acid,  more  highly  nitrated  products  are  obtained  which  explode  violently  when 
heuted(Gerland).  The  monoiiitrated  acid  is  also  produced  by  the  action  of  nitrous 
acid  on  diazobenzo-oxybcnzamic  acid.  (Griess.) 

Nitroxybenzoic  acid  dissolves  in  hot  water,  and  separates  on  evaporation  in  fine  yellow 
crystals  belonging  to  the  rhombic  system.  It  ha.s  a bitter,  disagreeable  taste,  and 
imparts  a yellow  colour  to  a large  quantity  of  water.  It  is  strongly  acid  and  displaces 
carbonic  acid.  Sulphide  of  ammonium  decomposes  it,  with  precipitation  of  sulphur. 

isitroxyhaizmie  of  potassium,  C*H*K(N0^)0\  is  sparingly  soluble  in  cold,  easily 
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soluble  in  boilin(;  water,  and  crystallises  therefrom  inlieautifal  golden-rellow  shining 
prisms,  resembling  picrute  of  potassium.  It  explodes  slightly  when  heated.  (Gerland.) 

7'rinitrojj/  benzoic  aciV,  C*H*N*0*«»C'H*(N0*)*0*,  is  produced  by  the  action  of 
ordinary  nitric  acid  at  a gentle  heat  on  diozobenzo-oxybenzamio  acid.  It  ciy  stnlliscs 
in  nearly  white  rhombic  prisms,  which  hnTC  an  intensely  bitter  taste,  dissolve  easily  in 
wafer,  alcohol,  and  ether,  forming  yellow  solutions,  melt  when  heated,  and  detonate 
violently  at  higher  tem|K*raf  urea.  Tlieacid  is  decomposed  by  sulphide  of  ammonium,  with 
separation  of  sulphur,  and  formation  of  a new  coni|x>und. 

The  trinitroxybenzoatoa,  C*HM*N*0*  or  C’lIM'N’O*,  are  nearly  all  soluble  in 
water,  and  some  of  them  form  6ne  crystals.  The  ammonium^li  contains 
2H*0  j the  barium^saU  and  the  tilwr-salt  are  anhydrous.  (Griess.) 

OXT8UTTUC  ACITD.  This  name  is  sometimes  applied  to  Wurtz's  butylactic 
acid,  C*HK)*  (i.  688),  produced  by  the  action  of  dilute  nitric  acid  on  hydrate  of  amylene. 
Friedeland  Machuca,  however  (Ann.  Ch.  Pharm.  cxx.  279),  apply  it  to  an  acid 
hanng  the  mime  composition  as  butylactic  acid,  but  diff  ring  from  it  in  some  respects, 
which  is  obtaineii  by  oxidising  dibromobutyric  acid  with  silver-oxide.  It  forms  h 
einc^mlt  containing  C*ll“/n"0*,  which  crystalli>e«  in  radiate  no<lub*s,  not  in  nacreous 
lumimc,  like  the  butylactate.  The  acid  separated  from  the  zinc-salt  yields  on  evapor- 
ation a syrup  which  ciyslalliscs  in  vacuo  or  over  oil  of  vitriol,  in  deliquescent  rosettes. 


OXTBinmOZTXi*PSOPXOVXO  STBIUI.  Kolbe's  name  fur  Wurtz’u 

C*IPO  ^ 

butjrolttctic  ether, (C*H*0)''>0*,  which  he  represents  by  the  formula* 

(7H»  ) 

C-II‘0,C-|c.j£jc.0.}[C«0-].0. 

OBTCA&aozmo  ACX1>.  — An  acid  produced  by  the  action  of 

chlorine  or  nitric  acid  on  trihydrocarix>xy lie  acid  (in.  189).  It  crystallises  in  hard, 
colourless,  rhombic  prisms,  inmjluble  in  alcohol  or  ether,  sparingly  soluble  in  eohl  water, 
easily  soluble  in  dilute  nitric  acid.  When  heated  to  lOO^,  ortreati-d  with  warm  water 
or  with  bases,  it  l>ecomes  brown-rod,  and  is  convert4-d,  with  evolution  of  gas,  into  dihy- 
drocarboxylic  acid.  (^Lerch,  Ann.  Ch.  Pharm.  exxir.  20.) 

Carboxylic  acio,  C*®U*0'*,  is  known  only  in  its  salts,  which  are  formed  by 
oxidation  of  the  hydrogen  in  the  trihydro-,  dihydro-,  and  hydro-carboxylates.  Tho 
neutral  potassium-mlty  C'*K*0'*,  is  black,  but  turn.s  r«*d  when  exposed  to  the  air.  A 
green  erystnllino  p»taseium-»alt,  C‘*HK*0'*,  tlie  corresponding  ammunium^Milt^ 
(’'•1I(NH*)H)‘*,  anti  n red  acid  poUvffium-salt.  C**H*K*0'*,  have  likewise  K'cn  obtaimnl. 
These  salts  when  decomposed  by  acids,  yield,  not  carboxylic  but  rhodizonic  acid, 
according  to  the  equation  : 

C'*H'0'*  + 2H“0  « 2CMPO* 

CArlioxyllc  Htiodisonie 

ackl.  arid. 

OZTCARTCCXVZC  ACX1>.  C*H*0*. — An  acid,  said  by  Schutzcnberger(Ann. 
Ch.  Phys.  [3]  liv.  62)  to  exist  in  cocliineal,  together  with  canuinic  acid  (see  Caumixk, 
i.  804). 

OXTCBltO&ZC  ACZ2>.  Syn.  with  PKUCULoitlc  Acid  (see  Ciilorikb,  Oxidbs 
OXYOEX-ACIDS  OF,  i.  910). 


OXYCBZiORZBSS.  Also  called  Sasic  Chlorides.  Compounds  of  metallic 
chloridt's  with  tho  basic  oxides  of  the  same  metals ; they  may  be  formulated  on  Uie 

* JP^  I • They  are  produced  by  imperfect  precipitation  of  a nietallie  cMorid*; 


with  an  alkali,  r.  y.  of  mercuric  chloride  by  lime-water ; by  the  action  of  water  on 
metallic  chlorides,  as  in  the  precipitation  of  aniimonious  chloride  by  water;  by  tho 
partial  decomposition  of  chlorides  by  oxygen,  or  of  oxides  by  chlorine  at  high  t<‘m|H  m- 
turcs.  Scvcral*oxycbloride«  occur  as  natural  minerals,  haring  been  formed  by  the 
action  of  air  and  water  on  chlorides  (see  the  several  Metals). 

OXTCBZiOBOOAABOVZC  AOZZ>.  Syn.  «ith  Chloride  op  Ca&bontl  or 
PaosoEXB  (i.  774). 


OXTOZirOBOJmra.  (H.  Strecker.  Ann.  Ch.  T’harm.  cxxiii. 

379.) — A l>a«e  isomeric  with  quinine,  obtalntHi  by  tho  action  of  |>otash  or  silver-oxide 
on  an  alcoholic  solution  of  dibromocinchonine  (i.  978).  Py  passing  carbonic  acid  gas 
into  the  solution  after  ]>rolongcd  boiling  till  the  potash  is  neutralised,  then  evaporating, 
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treating  the  residue  first  with  water,  then  with  alcohol,  and  leaving  the  alcoholic  solu- 
tion to  cool,  oxyciochonine  is  obtained  in  colourless  crystullino  lamime,  easily  soluble 
in  acids.  The  solutions  are  not  fluorescent,  and  tlo  not  Ix'come  green  on  addition  of 
chlorine-water  and  ammonia.  The  neutral  sulphatfy  2C*®U**N*O^.II-SO\  crystallises 
well.  Tlio  chloroplatinate,  C’*H**N*0*.lI^Cl*.Pt‘’Cl‘,  is  light  yellow,  sparingly  soluble  in 
hot  water,  insoluble  in  alcohol  and  ether.  The  di-acid  salts  do  not  crystallise. 
OZTCOBA&TZO  8ABT8.  See  Cobalt-uasks,  AMMuNtACAL  (i.  1056). 
OXTCXOCOXrxO  ACZX>.  Syn.  with  Lbuconio  Aero  (iil  584). 

n»  w 

OXTCiraCZWAMZO  ACX1».  C>*H‘»N0*  - or  Amidoc^minic 

H 

add,  C**II"(NH*)0*.— An  acid  derived  from  oxycuminic  acid  in  the  same  manner  os  its 
homologue  oxybenEamic  acid  is  derived  from  oxybenzoic  acid  (see  CVminic  Aero,  ii.  179). 

Dia^ocumin-ffXj/cuminamic  add,  C^H**N*0*  = C'*U‘®N*0*.C'*H”N(P,  is  obtained  by 
the  action  of  nitrous  acid  on  an  alcoholic  solution  of  oxycnminamic  acid  cooled  with  ice, 
carefully  avoiding  an  excess  of  nitrous  acid.  It  crystallises  in  yellow  microscopic  prisms 
orlumime.  It  is  the  least  stable  of  all  the  compounds  of  the  series,  being  decomposed 
with  evolution  of  nitrogen  when  boiled  with  alcohol  lU  reactions  are  precisely 
analogous  to  those  of  diazobcnzo-oxybenzamic  acid  (p.  291). 

OXYCUMryxC  ACXX>.  C'*11'*0*.  See  Cuxnnc  Aero  (il  179). 
OXTBZBXOMOVBBim-SirZiVBnXZC  ACXX>,  C‘E*Br^SO*— An  acid 

produced  by  the  action  of  boiling  water  on  diaxo-dibromophenyl-sulphuric  acid  (see 

FuiSNTL-suLPHumc  Acio). 

OXTX*BirORXDBS.  Compounds  analogous  to  the  oxychlorides,  and  referrible  to 

,,  , ;«HF  1 

thetjpo 

OXXOEV.  Atomic  weight  16.  Symbol  0. — Synonymes : Oxygens,  Oxyymium, 
Sautrjttoff,  yUal  Air,  Pure  Air,  htpldogutigaUd  Air,  Feuerluft,  Addifying  prindple. 
Oxygen  is  the  most  abundant  of  all  the  elements.  It  forms  eight-ninths  of  water, 
nearly  one-fonrth  of  the  air,  and  about  one-half  of  silica,  chalk,  and  alumina,  the  three 
most  plentiful  constituents  of  the  earth’s  surface.  With  a few  exceptions  only,  of 
which  the  principal  are  rock-salt,  fluor-spar,  blende,  galena,  and  pyrites,  it  enters  into 
the  constitution  of  all  important  rocks  and  minerals.  Independently  of  its  existence 
in  the  water  of  the  tissues,  it  is  an  inMential  constituent  of  all  bring  organisms.  It  is 
absorbed  by  animals  during  respiration,  and  evolved  in  the  free  state  bpr  growing  vege- 
tables when  exposed  to  sunlight.  The  oxygen  of  tlie  atmosphere  is  mechanic^dly 
mixed  with  the  nitrogen  and  other  constituents,  but  is  chemically  free  or  uncomhined. 
Oxygen  gas  was  discovered  by  Priestlev  in  1774,  and  ayeor  later  by  Scheele  (see 
Gas,  ii.  773).  Its  namo  is  derived  from  6^v,  acid,  and  ytrdtir,  to  produce,  because  it  was 
formerly  regarded  as  essential  to  the  constitution  of  an  acid,  (^e  Acids,  L 41.) 

Preparation. — 1.  Oxygen  gas  may  be  prepared  by  applying  a greater  or  less  degree  of 
heat  to  various  oxidised  substances,  such,  for  instance,  as  the  oxides  of  mercury,  silver, 
gold,  and  platinum  ; the  peroxides  of  hydrogen,  barium,  lead  and  manganese ; and  the 
chlorates,  nitrates,  bichromates,  &c.,  of  potassium  and  other  bases. 

a.  Oxide  of  mercury  is  interesting  as  being  the  substance  from  which  oxygen  was 
originally  obtained.  By  heating  it  in  a fla-sk,  it  breaks  up  into  mercury-vapour,  which 
may  be  condenseil  in  a receiver,  and  oxygen  gas,  which  may  be  collect^^  over  water. 

h.  Peroxide  of  manganese  is  a very  cheap  source  of  oxygen  when  large  quantities  ari» 
required.  The  substance  should  be  heated  to  ri'dni'ss  in  an  iron  bottle,  whereby  oxygen 
gas  is  given  ofl[^  and  a lower  oxide  of  manganese  left  behind : 3MnO*  = Mn*0*  + 0*. 

y.  Ohlorate  of  potassium,  however,  constitutes  the  most  generally  avaQable  source  of 
the  gas  for  preparation  on  the  hiboratory  scale.  When  strongly  heated  in  a flask 
of  hard  glass,  it  melts,  crives  off  the  whole  of  its  oxygen,  and  leaves  a residue  of  chlo- 
ride of  potassium:  KCIO*  = KCl  + 0*.  The  temperature  required  to  effect 

tills  decomposition  completely  Is  so  high,  that  the  flask,  though  made  of  difficultly 
fusible  glass,  usually  becomes  softened,  and  yields  to  the  pressure  of  the  gas,  which  at 
last  forces  an  opening  through  its  side  or  bottom.  It  is  found  that  the  chlorate  givesoff 
its  oxygen  at  a much  lower  temperature  when  mixed  with  about  one-eighth  of  its  weight 
of  some  metallic  oxide,  such  as  that  of  cupper,  or  iron,  or  manganese.  Under  these 
circumstances,  the  salt  does  not  fuse;  but  the  resulting  gas  is  less  pure  than  when  tho 
unmixed  chlorate  is  employed. 

5.  A concentrated  miueous  solution  of  hypochloriU  of  caldum  (bleaching  powder), 
gently  heated  with  a small  quantity  of  pero.xide  of  cobalt,  is  completely  resolved  into 
chloride  of  cjilcium  and  oxygen.  The  gas  is  evolved  with  great  ease  and  regularity,  so 
that  the  method  is  well  adapted  for  the  preparation  of  largo  quantities.  The  same 
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quantity  of  cobalt*  peroxide  (about  ^ to  ^ of  the  weight  of  the  bleaching  powder)  may  be 
jx'peatedly  used  for  the  purpose,  us  it  does  not  undergo  any  permanent  change,  but 
appears  to  act  merely  as  a carrier  of  oxygen,  first  taking  it  from  the  hypochlorite  and 
paisaing  to  a higher  state  of  oxidation,  and  then  giving  it  up  again.  The  special  pre- 
pjiration  of  the  cobait-]>croxide  may  even  be  dispensed  with  altogether,  a few  dropa 
of  any  cobalt-solution  being  simply  added  to  the  solution  of  bleaching  powder  at  the 
commcncemeul  of  the  process;  the  cobalt  is  then  iminediutely  converted  into  peroxide 
by  the  oxidising  action  of  the  hypochlorite.  It  is  necessary  to  use  a clear  solution  of 
bleaching  powder,  as  if  milky  it  is  apt  to  froth  considerably.  (T’leitmann,  Ann.  Ch. 
Phurm.  cxxxiv.  64.) 

«.  PiToxide  of  ftarium,  when  strongly  heated,  gives  up  one-half  its  oxygen  to  pro- 
duce baryta : llaO*  ■*  15aO  + U.  By  passing  a cum  nt  of  moist  air  over  the 
less  heaU^  baryta,  it  absorbs  oxygen  and  re-produces  the  p<TOxide,  which  a stronger  heat 
again  decomjios*^ ; so  that,  by  repetitions  of  the  process,  a small  quantity  of  the  peroxide 
can,  as  was  shown  by  BoussingauU  (Chem.  *Soc-  Qu.  J.  v.  26U),  furnish  an  indefi- 
nitely large  quantity  of  oxygen.  A patent  for  the  prepanition  of  oxygen  in  this  man- 
ner and  its  application  in  various  chemical  operations,  has  been  taken  out  by  Messrs. 
Swindells  and  Nicholson  (Chem.  Gaz.  18o6,  p.  139  ). 

Deviilc  and  JUebray  (Compt.  rend.  li.  822;  Ann.  Ch.  Pbarm.  civii.  296) 
recommend  for  the  preparation  of  oxygen  on  the  largo  scale  : — 1.  The  ignition  of  zinc- 
sulphate,  which  at  a temperaturo  not  higher  than  that  required  for  the  decomposition 
of  peroxide  of  manganese*,  gives  off  a mixture  of  sulphurous  acid  and  oxygen. — 2.  Tho 
deconq>osition  of  sulphuric  acid,  which,  when  passed  in  the  state  of  va|X)ur  over  red- 
hot  platinum-foil  or  platinum  sj'onge,  is  resolv«*d  into  sulphurous  acid  and  oxygen.  By 
passing  the  gaseous  mixture  obtained  by  either  of  these  processes  through  water  or  an 
alkaline  solution,  the  sulphurous  acid  is  absorbed,  and  the  oxygen  sot  free.  Tho 
aqueous  sulphurous  acid  thus  obtained  mav  be  utilised  in  tho  manufacture  of  sulphuric 
acid.  Tho  decomposition  of  sulphuric  acid  in  this  way  is  recommended  by  Dcville 
and  Be  bray,  also  b^  De  Luca  (Compt.  rend.  Uii.  166),  os  the  cheapest  of  all  methods 
of  obtaining  oxygen  in  large  quantities. 

ij.  Another  method  which  has  been  proposed  for  obtaining  oxygon  on  the  manufac- 
turing scale  is  the  ignition  of  a mixture  of  nitrate  of  sodium  and  oxide  of  zinc.  (See 
an  examination  of  this  process  by  J.  H.  Pepper,  Chem.  News,  vi.  *218.) 

2.  Oxygen  may  also  be  prepared  by  the  action  of  sulphuric  acid,  at  a moderate  tem- 
perature, iqx>n  certain  highly  oxidised  compounds,  such  as  the  pen^xidcs  of  lead  and 
manganese,  the  bichromate  and  permanganate  of  potassium,  &e.  These  rt>uctions  are 
Hcldom  employed  for  the  purpo.se  of  obtaining  free  oxygen  gas,  but  are  extremely  con- 
venient as  means  for  affording  oxygen  to  various  other  bodies,  or,  in  other  words,  for 
oxidising  them.  Thus  hydrochloric  acid  HCl,  when  treated  with  sulphuric  acid  and 
permanganate  of  potassium,  becomes  hypochlorous  acid  IICIO.  Alcohol  C*H®0.  when 
treated  with  sulphuric  acid  and  p«Toxiue  of  manganese,  yields  aldehyde  and 

water  H’O.  Cumiuic  acid  treated  with  sulphuric  acid  and  acid  chromate  of 

potassium,  }*ields  insolinic  acid  C*I1*0,  ^together  with  carbonic  anhydride  CO*  and 
two  atoms  of  water  211*0.  The  reactions,  so  far  as  regards  tho  evolution  of  oxygen, 
are  as  follow's ; 


H«SO* 

+ 

MuO’  - 

MnSO* 

4- 

II-O  + 

0 

2II’S0* 

KMuO*  = 

K>iTi(SO')* 

2II-0  + 

0» 

4 IPSO* 

+ 

K’Cr’O’  = 

2{KCr(.S0*)’} 

+ 

4U=0  + 

0» 

3.  Oxygen  may  bo  obtiined  by  tho  electrolysis  of  water,  being  libcratc-d  at  the 
positive  pole.  (See  EiiCTUiciTT,  ii.  432.) 

4.  Whfu  fresh  mint,  or  parsley,  or  other  active  leafy  plant,  is  immersed  in  carlionic 
acid  water  and  oxpost^il  to  sunlight,  oxygen  is  libcratwl  from  the  leaves  in  considerable 
quantities.  The  experiment  is  be.st  conducted  in  a tall  inverted  cylinder,  so  that  the 
oxygen  gas  may  colf«*ct  in  its  upp<*r  part,  by  displacement  of  the  carbonic  acid  water 
w hich  should  originally  fill  the  vessel, 

5.  There  are  numerous  other  reactions  which  serve  to  liberate  oxygen,  but  they  are 
not  employed  as  means  for  the  preparation  of  the  gas.  ikjme  of  them,  however,  ar« 
very  interesting.  Thus  when  oxide  of  silver  reacts  with  peroxide  of  hydrogen,  there 
aro  pixxluced  water,  metallic  silver,  and  oxygen  : 

+ Ag»0  = 11*0  + Ag»  + 0\ 

/Vo/vrriVa.— Oxygen  is  colourless,  tasteless,  and  inodorous.  It  is  the  least  refractive 
of  all  tho  gases.  It  has  resisted  evojy  attempt  to  effect  its  liquefaction.  It  is  the  most 
magnetic  of  all  gases  (see  MAO.*oms.M,  iii.  773).  It  is  heavier  than  atmospheric  air 
in  the  proportion  of  1T066  to  1 0000.  It  is  very  sparingly  soluble  in  water,  100  vol- 
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umes  ofwhicli  at  ordinar^  temporuturee  can  only  retain  about  3 volumes  of  the  gas.  (See 
Uasbs.  Absorption  of,  ib  797.)  Nearly  all  natural  waters  contain  dissolved  oxy- 
gen, and  can  only  bo  freed  therefrom  by  prolonged  ebullition  in  vacuo.  The  chemical 
reactions  of  atmospheric  air  depend  priuci|uilly  ujk>u  the  oxygen  w’hioli  it  contains; 
the  air  being,  in  its  chemical  relations,  merely  oxygen  g:ia  mixed,  or  diluted,  with  about 
lour  times  its  volume  of  nitrogen. 

Oxygen  in  the  free  state,  whether  or  not  diluted  w ith  nitrogen, manifi'sts  considerable 
chemical  activity,  even  at  ordinary  temperatures.  With  the  single  exception  offluorine,  it 
has  been  made,  directly  or  indirectly,  to  unite  with  oveiy  known  element.  Some  reactions 
of  oxvgen  are  inten-sliug  from  their  employment  as  means  for  detecting  the  presence  of 
the  gas,  or  effecting  its  removal.  Thus  an  alkaline  solution  of  xvkitt  indiyo  al>sorbs  oxygen 
rapidly,  at  the  same  time  b<HX)ming  blue.  An  alkaline  solution  oi&}ftfroyaUutc  absorbs 
oxygen,  forming  an  opaque  black  liquid.  Citric  oxidt  gas,  which  is  perfectly  colourless, 
unites  with  oxygen  to  form  deep  orauge-rcd  vajxjurs.  Dujsghortis  slow'ly  absorbs  oxy 
gen,  as  do  also  moist  irvn-mrt,  moist  Uad-turnings,  moisi  saw-dust,  and  many  metallic 
compounds,  such,  for  instance,  as  ammouio-subchlundo  of  copjx'r,  or  chloride  of  cupros- 
ammonium,  the  protoliydrates  of  iron  and  manganese,  the  white  double  cyanide  of 
potassium  and  iron,  &c. 

The  majority  of  the  metiils,  when  in  the  massive  state,  remain  perfectly  bright  and 
unxicted  upon  in  dry  oxygen  or  air ; but  in  moist  oxygen  or  air,  many  of  them  become 
slowly  oxidised.  The  coating  of  oxide  first  forrocKl  frequently  protects  the  metal  from 
mure  thou  a superficial  oxidation,  os  is  notably  the  case  with  lead.  Some  of  the 
ordinarily  permanent  metals,  when  in  a very  finely  divided  state,  for  instance  lead  as 
obtained  by  the  ignition  of  its  tartrate,  and  iron  as  produced  by  the  ignition  of  Prussian 
blue,  undergo  so  violent  an  oxidation,  that  spontaneous  combustion  results  from  their 
mere  exposure  to  air  or  oxygen.  Hence  they  are  termed  pgrophori.  Various  other 
bodies,  which  expose  a large  surface  to  tho  action  of  air  or  oxygen,  become  gradually 
heated  through  slow  oxidation,  and  finally  undergo  spontaneous  combustion.  Greasy 
tow  and  woollen  refuse  are  peculiarly  liable  to  this  action. 

Many  substances,  when  heated  to  redness,  unite  with  oxygen,  and  thereby  give  rise 
to  the  phenomena  of  combustion  or  burning.  The  combustions  of  phosphorus,  charcoal, 
sulphur,  iron,  zinc,  and  naphthalene,  in  undiluted  oxygen,  constitute  very  brilliant  ex- 
^riments.  In  each  case  the  results  are  oxidised  compounds  of  the  substance  burned. 
The  weight  of  oxidised  products  corres{X>nds  exactly  with  the  weight  of  the  body  burned, 
plus  the  weight  of  tho  oxygen  consumed.  When  an  ordinary  combustible  body,  such 
as  wood,  paper,  or  wax  caudle,  is  inflamed  in  air  and  then  immersed  in  a vessel  of 
oxygen,  the  combustion  proceeds  with  greatly  increased  intensity.  If  the  fiame  of  the 
w(wd,  paper,  or  wax  candle  be  extingui^f^l,  and  any  portion  of  the  substance  be  left 
in  a glowing  state,  it  will,  when  immersi'd  in  oxygen,  immediately  burst  into  fiame. 
This  is  a very  characteristic  property  of  undiluted,  or  but  slightly  diluted,  oxygen, 
which  it  shares  only  with  nitrous  oxide  gas.  A jet  of  hydrogen  gas  bums  in  oxygen 
as  in  air,  but  more  rapidly.  Of  course  tlie  two  gases  can  only  unite  where  they  are  in 
contact  with  one  another,  that  is  immediately  around  tho  jet  of  hydrogen.  Hence  for- 
merly the  hydrogen  was  said  to  bum,  and  the  oxygen  merely  to  support  combustion. 
But  if  a jet  of  oxygen  be  introduced  into  a vessel  of  hydrogen,  the  flame  will  proceed 
from  the  oxygen  and  the  hydrogen  become  the  supporter  of  combustion,  r or  this 
purpose  tlie  hydrogen,  containe<l  in  a somewhat  narrow-mouthed  inverted  jar,  should 
be  ignited  at  the  mouth  of  the  jar.  Then  the  jet  of  oxygen,  in  passing  through  the 
flume,  will  itself  become  ignited  and  bum  in  the  interior  of  the  jar.  In  like  manner, 
oxygen  may  be  made  to  burn  in  ammonia-gas,  by  introducing  it  through  a bent  tube 
into  a wide-mouthed  flask  in  which  strong  aqueous  ammonia  is  kept  in  a state  of  gentle 
ebullition,  and  applying  a lighted  taper  to  the  end  of  the  tube.  (Heintz,  Ann.  Ch. 
Pharm.  exxx.  102.) 

Kespccting  the  evolution  of  light  and  heat  in  oxidation,  the  conditions  of  inflamma- 
bility, tho  nature  of  flam<‘,  &e.,  see  Combustion  (i.  1089).  Kespectiug  the  quantities 
of  heat  evolved  in  the  oxidation  of  various  bodies,  see  Hbat  (iii.  102). 

Oxygon  is  capable  of  replacing,  directly  or  indirectly,  hydrogen,  chlorine,  bromine, 
iodirn*,  &c.,  one  atom  of  oxygon  always  tidung  the  place  of  two  atoms  of  each  of  those 
elements ; thus  in  the  conversion  of  alcohol  into  acetic  acid  by  direct  oxidation,  and  of 
pentacbloridti  of  phosphorus  into  tho  oxychloride  by  the  action  of  wrater,  we  have: 

C'H«0  + O - H* 

PCPO  ==  PCP  + 0 - CP. 

Actiwe  Oxygen  or  Oxone — Under  certain  circumstances,  oxygen  gas  acquires 
a greatly  increased  chemical  activity,  together  w'ith  a peculiar  smeU.  In  this  state  it 
constitutes  ozone  and  has  the  characteristic  property  of  decomposing  iodide  of 

potassium,  with  liberation  of  iodine.  Oxygen  gas  tl^ugh  which  electric  sparks  have 
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been  passed,  that  in  which  phoephoras,  ether,  turpentine,  and  some  other  substances 
have  been  slowly  oxidising,  and  that  productnl  by  tlie  electrolysis  of  an  acid  liquid, 
alike  n'act  with  iodido  of  potassium  as  above  described.  According  to  Andrews, 
the  osoDt'  produced  by  these  three  processes  is  the  same,  and  consists  solely  of  oxygen 
in  an  allotropic  state.  According  to  Williamson  and  Baumert,  the  ozone  pro* 
duced  by  electrolysis  is  a trioxide  of  hydrogen  R’O*,  as  is  probably  also  that  producc*d 
by  the  oxidation  of  phosphorus.  With  regard  to  tlio  ozone  produced  by  electrical 
discharges,  they  admit  that  perfectly  dry  oxygon  is  capable  of  being  modihed  by  such 
discharges,  but  consider  that  the  peculiar  properties  of  ozone  are  not  manifested  until 
the  action  of  moisture  upon  tho  modified  oxygen  has  resulted  in  the  formation  of 
trioxide  of  hydrogen.  The  recent  conjoint  experiments  of  Andrews  and  Tail,  how- 
ever, and  likewise  those  of  v.  Babo,  seem  to  have  established  the  correctness  of  tho 
former  view. 

More  than  half  a century  after  Van  Marum’s  original  observation,  that  oxjgen 
through  which  electric  sparks  had  been  passed  acquired  a peculiar  smell  and  the  power 
of  attacking  mercurv,  8chdnbein,  in  1840  (Pogg.  Ann.  1.  616),  published  his  first 
paper  on  ozone.  He  showed  that  in  the  electrolysis  of  acidulated  water,  an  odorous 
gas  WHS  produced  at  the  positive  pole,  which  might  bo  preserved  for  a long  time  in 
well  closea  vessels.  He  also  observed  the  same  product  to  nwilt  from  the  discharges 
in  air  of  n common  eh'Ctrical  machine,  and  recognised  the  identity  of  tho  smell  with 
that  accompanying  a flash  of  lightning.  Soon  after  he  noticed  the  production  of  ozone 
by  the  slow  oxidation  of  phosphorus  in  moist  air  or  oxygen.  Marignac  and  Dc  la 
Kive  then  showed  that  ozone  might  l>e  obtained  bv  j>a6sing  electric  sparks  through 
perfectly  dry  oxygen,  a result  confirmed  by  ¥ my  and  Becq  uerel  (Ann.  Ch.  Phys.  [3] 
XXXV.  62;  Chera.  Soc.  Qu.  J.  v.  272),  and  sub^uently  by  Andrews  (Chem.  iix?. 
Qu.  J.  ix.  1G8).  But  they  found,  on  the  other  hand,  that  dry  air  or  oxygen  did  not 
become  ozonised  by  transmission  over  dry  phosphorus.  Fr^my  and  Becquerel 
oacertoined  that  pure  oxygen  gas,  standing  over  a solutiou  of  iodide  of  potassium, 
might  be  completely  absorbed  by  the  passage  of  electric  sparks  through  it.  Dry 
oxygen,  however,  as  shown  bv  Andrews,  can  be  only  partially  ozonised  by  electric 
discharges,  unless,  indiHMl,  the  ozone  be  absorbed  as  fast  as  it  is  produced. 
Houzeau  (Chem.  Soc.  J.  viii.  237)  noticed  the  ozonic  character  of  oxygen  set  free 
by  the  action  of  sulphuric  acid  upon  peroxide  of  barium.  According  to  He  Luca,  tho 
oxygen  evolved  by  the  action  of  light  upon  plants  is  also  ozonic.  Schonbein,  and 
also  Phipson  (Chem.  News,  viii.  103),  have  observed  tliat  air  in  contact  with  tho 
juice  of  fungi  becomes  ozonised ; the  latter  also  finds  that  ozone  is  produced  when  fresh 
slices  of  apple  are  exposed  to  the  air,  and  is  of  opinion  that  the  processes  of  fermentation, 
putrefaction,  and  decay,  are  likewise  attended  with  ozonisation  of  tho  air. 

Ozone  is  best  prepared  by  one  or  other  of  the  following  processes,  a.  Ozonised  air 
or  oxygen  may  bo  obtained  by  placing  one  or  two  sticks  of  clean  moist  phosphorus 
in  a bottle  of  air  or  oxymn,  when,  after  an  hour  or  so,  the  smell  of  ozone  will  bo  very 
obvious.  The  sticks  of  phoephorus  should  then  be  taken  out,  and  the  gas  washed 
with  water  to  remove  the  phosphorous  acid.  If  the  phosphorus  be  allowed  to  remain 
in  the  bottle  for  several  hours,  the  ozone  gradually  disappears.  Or,  a cum^nt  of  moist 
air  may  be  slowly  forced  through  a succession  of  largo  Wolfe’s  bottles,  containing 
each  a few  sticks  of  clean  phosphorus,  and  finally  through  a U-tubo  containing  water 
or  dilute  alkali.  The  junctions  should  be  as  few  as  possible,  and  should  be  effected 
with  sound  corks,  or  preferably  by  grinding.  Ozone  may  at  once  produced  by 
plunging  a heated  glass  rod  into  a mixture  of  air  and  ether-vapour. 

0.  By  electrolysis  of  water  acidulated  with  sulphuric  acid.  According  to  Andrews, 
a mixture  of  one  volume  of  sulphuric  acid  with  throe  volumes  of  water  is  most  pro- 
ductive; while  Beumert  recommends  the  electrolyte  to  consist  of  water  strongly 
acidulated  with  both  chromic  and  sulphuric  acids.  The  following  arrangement  may 
advantageously  adopted.  A coated  wire,  having  attached  to  its  extremity  a piece  of 
crumpled  platinum  foil,  which  constitutes  the  positive  electrode,  is  dipped  into  tho 
electrolyte  contained  in  a cylindrical  porous  cell,  and  an  inverted  tul^funncl,  just 
sufficiently  small  to  slide  into  tlie  ct>U,  is  suspended  therein,  over  the  foil.  This  ffinnel 
serves  to  collect  the  oxygen  which,  during  the  electrolysis,  issues  in  a continuous 
stream  from  its  narrow  orifice.  The  negative  electrode  may  be  constituted  of  a plate 
of  platinum  foil  dipping  into  another  vessel  of  the  electrolyte,  surrounding  the  porous 
cell.  Electrolytic  oxygen  has  not  been  found  to  contain  more  than  ^ part  of  iu 
weight  of  ozone. 

y.  Ozone  may  be  obtained  by  passing  electric  discharges  through  air  or  oxygen. 
Oxygen  gas,  prepared  by  beating  chlorate  of  potassium,  is  conducted  successively 
through  a strong  solution  of  caustic  potash,  and  over  pumice  and  oil  of  vitriol. 
Electrical  dischargers  may  then  be  passe<l  through  the  gas  in  its  transit,  when  by  a 
stream  of  pure  ozonised  oxygen  is  obtained;  or  tho  gas  may  first  be  collected  by 
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displacement  in  suitable  tubes,  and  then  oaonifled  by  the  dischaip).  Andrews 
usually  collects  his  oxygen  in  a straight  glass  tube,  one  end  of  which,  previously 
contracted  by  the  blowpipe,  is  in  communication  with  the  supply  of  gas,  while  the 
other  end  is  fused  to  an  almost  capillary  piece  of  tubing,  bent  in  the  form  of  a 
U'gaoge.  After  the  tube  has  been  two  or  thm  times  alternately  exhausted  by  an  air* 
pump,  and  filled  with  oxygen,  the  extremity  of  the  capillaty  gauge  is  detached  from 
the  aiivpump,  during  the  passage  of  the  gas,  and  dipped  into  oil  of  vitriol.  The 
supply  of  gas  is  continued  for  some  time  longer,  ana  the  excess  allowed  to  bubble 
through  the  oil  of  vitriol  in  its  escape.  The  contracted  extremity  of  the  reservoir 
part  of  the  tube,  in  communication  with  the  source  of  oxygen,  is  then  sealed  by  the 
blowpipe,  and  a few  bubbles  of  gas  are  expelled  by  gentle  warming.  Upon  cooling, 
oil  of  vitriol  is  drawn  into  the  gauge,  so  as  to  connne  the  oxygen  in  the  reservoir. 
The  free  extremity  of  the  gauge  is  next  sealed  in  such  a manner  as  to  leave  a small  space 
of  air  above  the  oil  of  vitriol  Then  by  means  of  platinum  wires,  previously  fused  into 
the  reservoir,  electric  discharges  are  passed  through  the  oxygen,  whereby  it  becomes 
oeoniiied.  In  this  way,  any  alteration  in  the  bulk  or  tension  of  the  oxygen,  consoquent 
upon  the  production  or  suhaequent  destruction  of  the  ozone,  is  recognisable  by  an  altera* 
tion  in  the  level  of  the  oil  of  vitriol  in  the  gauge.  Andrews  found  that  the  Kiihmkorff 
spark  was  ill-suited  for  the  production  of  ozone,  and  that  even  the  ordinary  machine 
spaik  was  much  less  effective  than  the  silent  discharge,  obtained  by  attaching  one  of 
the  platinum  wires  of  the  reservoir-tube  to  the  prime  conductor,  and  the  other  to  the 
ground,  and  turning  the  machine  slowly. 

In  addition  to  its  property  of  displacing  iodine  from  iodide  of  potassium, 
080D6  is  found  to  be  rapidly  absorbed  by  merenry,  and  to  be  completely  destroyed  or 
decomposed  at  a temperature  of  250^ — 300°.  Availing  themselves  of  these  properties, 
Andrews  and  Tait  obtained  the  following  results.  When  the  silent  discharge  was 
passed  through  pure  dry  oxygen  contained  in  one  of  the  gauge-tubes,  condensation  was 
observed  to  take  place,  at  first  rapidly  and  then  more  slowly.  The  maximum  con- 
traction ever  obtained  was  equal  to  ^ of  the  entire  volume  of  the  gas.  On  heating  the 
contracted  or  ozonised  gas  to  300°,  it  recovered  its  original  volnme ; and  this  alternate 
contraction  bv  the  silent  dischaige,  and  restoration  by  a temporary  heat,  could  be  re- 
peated an  inaefinite  number  of  times.  The  extreme  contracdon  gradually  diminished 
when  the  tube  was  set  aside  for  some  days.  The  ordinary  electrical  spark  effected  a 
very  small  contraction  of  the  gas,  not  exceeding  of  the  whole ; and  when  the  spark 
discharge  was  passed  through  the  gas  contract^  by  the  silent  discharge,  an  expansion 
took  place  curres[>ouding  to  the  i xet-sM  of  contraction  effected  by  the  silent  discharge, 
beyond  that  which  the  spark-dlncharge  could  have  produced.  By  introducing  into 
reservoirs  of  the  tubes,  before  filling  them  with  oxygen,  small  quantities  of  mercury  or 
solution  of  iodide  of  potaeeiumy  contained  in  thin  glass  bulbs,  and  then  ozonifying  by 
the  silent  disdiarge,  so  as  to  produce  a much  contracted  gas,  Andrews  was  able  to 
act  upon  the  ozone  with  these  reagents,  which  could  be  set  for  the  pur{x>sc  by  a 
smart  concussion  and  consequent  fracture  of  their  containing  bulbs.  After  the  action 
of  the  mercury  or  iodide  of  potaiuium  upon  the  contracted  gas,  it  no  longer  underwent 
any  permanent  expansion  when  heated  to  300°,  showing  the  complete  absorption  or  de- 
composition of  the  ozone  by  the  reagent  But  very  curiously,  this  abeorptiou  of  the 
ozone  was  not  attended  with  any  diminution  in  the  bulk  of  the  contracted  oxygen. 
In  other  words,  the  active  oxygen  absorbed  by  the  reagent  occupied  no  part  of  the 
bulk  of  the  ozonised  gas,  inasmuch  as  its  removal  did  not  diminish  that  bulk.  When 
the  ozone  was  absorbed  by  solution  of  iodide  of  potassium,  the  amount  of  iodine 
liberated  was  found  to  correspond  exactly  with  the  amount  of  original  contraction, 
that  is,  with  the  quantity  of  oxygen  whi^  had  apparently  ceased  to  occupy  space. 
The  a^ve  remarkable  re^t  seems  to  be  best  explained  by  the  following  hypothesis. 
If  we  consider  ozone  to  be  a compound  of  oxygen  with  oxygen,  and  the  contraction  to 
be  consequent  upon  their  combination,  then  if  one  portion  of  this  combined  or  con- 
tracted oxygen  were  absorbed  by  the  reagent,  the  other  portion  would  be  set  free,  and 
by  its  liberation  might  expand  to  the  volume  of  the  whole.  Thus,  if  we  suppose  three 
volumes  of  oxygen  to  be  condensed  by  their  mutual  combination  into  two  volumes, 
then  on  absorbing  one-third  of  this  combined  oxygen  by  mercury,  the  remaining  two- 
thirds  would  bo  set  free,  and  consequently  expand  to  their  normal  bulk,  or  two 
volumes : — 

2 folt.  2 Toll. 

— + — + +— 

OOO+Hg-HgO  + 00 

Upon  this  h3rpothesi8,  Andrews*  maximum  contraction  of  ^ would  indicate  the  oonver- 
sioD  of  I of  his  oxygen  into  ozone.  Similar  results  have  been  obtained  by  v.  Babo 
and  Clausius  (Ann.  Ch.  Pharm.  Suppl  i.  297 ; Jahresb.  1663,  p.  137). 

Andrews  also  ascertaiued  that  a stream  of  dried  electrolytic  ozone,  when  heated  to 


30*2 


OXYGEN. 


d«v»onipc«ition.  nnd  passt*d  over  phosphoric  anhydride,  did  not  afford  a trace  of  moisture. 
When  passed  conacsjutivoly  thismeh  solutions  of  iodide  of  potoasiam  and  oil  of  ritriol, 
the  increase  in  the  wei^rhl  of  the  two  liquids,  from  the  al^rj>tion  of  the  aetiTc  oxygen, 
corresponded  exactly  with  the  equivalent  of  iodine  s«t  free,  as  estimatod  by  Bunsen’s 
Volumetric  m<  tbod.  But,  acconling  to  Williamson  (Aun.  Ch.  Pharm.  liv.  127)and 
B Humert  (Pogg.  Ann.  Ixxxix.  38  ; C'hem.  Soc.  Qo.  J.  vi.  169),  ilried  electrolytic  ozone 
does  yield  water  a«  a pnaiuct  of  its  decomposition  by  heat.  According  to  'Baurorrt 
also,  dried  el«*ctrolytic  ozone  when  piiased  consecutively  through  solution  of  iodide  of 
potassium  and  oil  of  vitriol,  sets  fr«*e  a quantity  of  iodine  corresponding  to  only  ^ of 
the  total  increase  of  weight  t)f  the  two  liquids.  Heno*  the  formula,  previously  sug- 
gested by  Williamson,  11*0*  ; for  11*0*  =■  HK)  + O*  or  50  = 18  + 32,  whence 
0*  — ^ H'O*.  Andrews'  view  is  however  confirme-1  by  the  r»‘Cent  experiments 

of  V.  Babo  (Ann.  Ch.  Pharm.  Suppl.  ii.  205;  Jahnsb.  1863,  p.  131),  and  of  Sorct 
(Ann.  Ch.  Pharm.  cixvii.  38;  exxx.  95).  Aiulrews  found  that  electrolvtic  wtonised 
oxygen,  when  decomjK>aed  by  h«  at  in  one  of  his  guuge-tubes  underwent  a varinble 
increase  of  bulk,  according  to  the  proportion  of  ozone  present.  The  expansion,  how- 
ever, never  exceeded  of  the  entire  volume  of  gas. 

The  general  characters  of  ozunc  are  those  of  an  oxidising  agent.  Thus,  it  cor- 
rodes oignnic  matter,  os  shown  by  its  rapid  action  on  caoutchouc  or  vulcanite  con- 
nectors. It  bleaches  most  vcgetafde  colour,  as  exemplified  particularly  bvits  conver- 
sion of  indigo  into  is:itin.  It  oxidHt4>s  black  sulphide  of  li*ud  into  white  sulphate  of 
lead,  changes  the  yellow  ferrocyanide  into  the  red  ferridtyanide  of  potassium,  and 
colours  moist  sulphate  of  manganese  brown  from  formation  of  the  hydrat«*d  per- 
oxide. It  is  ab8orl>ed  by  moist  iron,  copper,  mercury,  and  silver,  with  production  of 
their  resjjective  oxides.  Moist  silver  is  even  converted  into  the  state  of  peroxide. 
Dry  ozone  is  also  n adily  absorbf  d by  dry  mercury  and  dry  iodine. 

In  some  casfs,  liowever,  ozone  acts  as  a dooxygenant.  Thus  it  decomposes  peroxide 
of  hydn^en  and  peroxide  of  b;irium,  with  evolution  of  inactive  oxygen,  derived  both 
from  the  ozone  and  the  peroxide,  as  represented  hypotlietieally  by  the  following 
equation : — 

— + - +—  + -+  -»•  — 

O O O + O O * 2 O 0 + H’  O. 

Dry  ozone  is  decomposed  in  unlimited  quantity  by  the  dry  j>eroxide8  of  manganese  and 
lead,  and  by  black  oxide  of  copper,  these  oxides  not  undergoing  any  alteration  of  weight 
by  the  reaction.  It  is  also  d»*compf»sed  to  an  unlimited  extent  by  dry  silver  leaf  or 
filings.  These  unlimited  effects  may  be  explained  by  the  sueces.sive,  or  simultaneous, 
occurrence  of  oxidation  and  re<luction.  Thus  dry  silver  leaf  is  at  first  obviously  oxi- 
dised by  ozone ; and  the  oxide  of  silver  so  formed  is  then  rc<luced,  and  so  on  consecu- 
tively. 

Ozone  is  practically  insoluble  in  water  and  acid  solutions,  ^^^^en  ozonised  gas  is 
passed  through  potash  or  sods,  the  first  j^ortions  are  aliw>rbed.  pr»>baMy  from  the 
presence  of  some  oigunie.  matter  in  the  alkaline  liquid,  but  after  a little  time,  the  ozone 
passes  through  apparently  unaltortd. 

Schdnbcin  (Ann.  Cm  I’hann,  cviii.  157)  regards  ozone  as  permanently  negative 
oxygen.  He  also  believes  in  the  existence  of  a j>erraanently  positive  oxygen,  or  anto* 
roTW,  which  at  present  is  known  only  in  combination  ; and  considers  that  inactive  oxy- 
gen is  a product  of  the  union  of  ozone  and  antozone  O O. 

This  idea  of  the  existence  of  two  essentially  distinct  varieties  of  oxygen,  which  is  like 
wise  advocated  by  Meissner  (C^w/crsMcAw«^c«  uher  dUn  Saurratoff^  Hannover  1863. 
Jahresb.  1863,  p.  126),  is  founded  chiefly  on  certain  differences  ob.-served  in  the 
behaviour  of  oxygen  evolved  from  the  alkaline  peroxides  on  the  oue  hand,  and  that 
evolved  from  peroxide  of  manganese  or  peroxide  of  lead  on  the  other,  the  fiurmer 
exerting  for  the  most  part  a reducing,  the  latter  an  oxidising  action.  But  Brodie 
showed  several  j'cars  ago  (Phil.  Tmns.  1850,  p.  759),  and  has  further  demonstmteil  by 
more  recent  experimimts  (Phil.  Trans.  1863,  p.  837  ; Chem.  Soc.  J.  xvi.  316).  that  the 
pmtitivo  or  negative  chiiraeter  of  oxygen  (and  imle^of  every  other  element)  is  not 
j>erraanent,  but  depends  essentially  upon  that  of  the  other  elements  with  which  it  is 
asK>ciated  at  the  moment  of  chemical  change  (see  page  304  ; also  iii.  198), 

According  to  Meissner,  onlinary  oxygen  is  re«olve<l  by  electrisation  into  ozone  and 
antozone,  the  former  of  which  is  absorbe^l  by  iodide  of  potassium,  pyrogallic  acid, 
&c..  while  the  latter  remains  unabaorbed.  He  finds  that  when  |wrfectly  dry  electrised 
air  is  made  to  jxis.h  through  water,  white  fumes  are  produced  on  its  exit  into  the  air, 
and  that  the  *mmc  fumes  are  produc<»d  when  the  dry  electrised  air  is  made  to  flow  into 
moist  air.  These  fumes  he  regards  as  a mechanical  mixture  of  antoxono  with  aqueous 
vapour.  Accorvling  to  v.  Babo,  however,  these  fumes  are  for  the  most  part  pwduced 
only  in  presence  of  nitrogen  or  oxidisablo  substances ; ho  regards  them  os  consisting 
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of  peroxide  of  hydrogen,  which  is  known  to  be  formed  by  the  action  of  ozone  on  water, 
either  in  the  liquid  or  the  g&soous  form.  Von  Babo  also  asserts  that  the  proportion  of 
ozone  protluced  in  air  or  oxygen  by  electrisation  is  the  same  whether  the  electricity 
used  be  positive  or  negative  or  the  two  alternately,  a result  which  appears  inconsistent 
with  the  production  of  two  oppositely  polarised  varieties  of  oxygen  by  eli*ctrisation. 
Moreover  ozonised  air  suffors  no  diminution  in  its  amount  of  ozone  by  passing  through 
a solution  of  permanganic  acid,  where^is  such  diminution  always  occurs  if  the  air  has 
previously  been  in  contact  with  oxidisable  substances,  which  may  have  given  rise  to 
the  formation  of  peroxide  of  hydrogen. 

Compounda  of  Oxygen. — Oxldea  and  Hydrates. 

Oxygen  may  enter  into  combination  in  various  ways,  taking  the  place  of  hydrogen  (in 
the  proportion  of  1 aU  O to  2 at.  H)  in  the  radicles  of  compounds  formed  on  either  of 
the  types,  HCl,  11*0,  H*N,  11*0,  thus  giving  rise  to  oxy-chJorides,  oxy-iodides,  oxy- 
nitrides, &c.;  but  the  term,  “oxido”  is  SfM'cially  applu-d  to  compounds  derived  from 
a single  or  multiple  atom  of  water,  11^0  or  wH*0,  where  part  at  h ast  of  the  oxygen 
occupies  the  place  external  to  tlie  radicle.  Vlirii  the  hydrogen  in  the  type  is  partly 
iTplaced  by  other  elements  or  by  compound  radicles,  the  rt*.sulting  compound  is  a 
hydrate,  basylous,  acid  or  salinn,  according  to  the  nature  of  the  sul)«tituted  ra- 
dicles; thus  KIIO and  BaTI’O*  are  basylous  hydra tes;^  ^ |o*,  and 

acid  hydrates  or  acids;  jo’  and  are  saline 

hydrates  or  acid  salts.  If  the  whole  of  the  hydrogen  is  replaced  by  one  or  more 
radicles,  the  resulting  compound  is  an  anhydrous  oxide,  basylous,  acid  or  saline, 
according  to  the  miture  of  the  radicles  which  enter  into  its  constitution;  thus  K*0,  Ba"0, 

and  Bi'O*  are  basylous  oxides;  (C'U*0)*0.  (S0*)"0  and  (P™0)*0*  are  acid  oxides, 
anhydrous  acids,  or  anhydrides;  saline 

oxides  or  neutral  salts. 

It  must  be  observed,  however,  that  the  distinctions  between  basic,  acid  and  saline 
oxides  are  in  great  part  merely  conventional,  inasmuch  as  basylous  and  chlorous 
elements  or  radicles,  and  consequently  basic  and  acid  oxides  and  hydrates,  shade  off 
into  one  another  by  insensible  gradations,  so  as  to  preclude  the  possibility  of  drawing 
any  strict  line  of  demarcation  between  them.  Still  there  are  certain  hydrates  which  have  a 
marked  tendency  to  exchange  their  hydrogen  for  a chlorous,  acid,  or  electro-negative 
element  or  radicle,  these  constituting  the  basylous  hydrates ; while  others  have  a decided 
tendency  to  exchange  their  hydrogen  for  a metallic,  basylous,  or  electro-positive 
element  or  radicle,  and  these  constitute  the  acid  hydrates  or  acids.  The  chemical  or 
electro-chemical  characters  of  the  anhydrous  oxides  are  less  marked  than  those  of  the 
hydrates  ; nevertheless  some  of  those  containing  radicles  of  decided  acid  tendency  unite 
more  or  le.ss  readily  with  those  containing  nidiclfs  of  opposite  character,  the  resulting 
compound  being  a salt;  thus  sulphuric  anliydride  SO  , passed  in  the  state  of  vapour 
over  moderately  heated  anhydrous  baryta  Ba"0,  unites  with  it  readily,  the  combination 
being  attended  with  virid  incandescence,  and  forms  sulpliate  of  barium  Ba"SO*:  in  like 
manner  silicic  and  boric  anhydrides  unite  readily  with  basylous  oxides  when  ignited 
in  contact  with  them,  and  expel  carbonic  anhydride  from  carbonates. 

The  general  properties  of  acid  hydrates  and  oxides  have  been  already  described  in 
the  artich“8  Acids  and  ANniYDumas.  We  have  here  therefore  only  to  speak  of  the  com- 
position and  properties  of  the  more  basic  or  |x>sitive  among  these  compound.s. 

Metallic  Oxides  and  Hydrates. 

1 . OridfS  vdth  one  atom  of  oxygen,  formed  on  the  type  of  a single  atom  of  water,  H*0. 
^The  alkali-metals,  lithium,  sodium,  potassium, caesium,  and  rubidium,  and 
one  of  tlic  heavy  metals,  namely  thallium,*  which  are  mono- or  proto-equivaleut,  that, 
is  capable  of  replacing  hytlrogcn — atom  for  atom — form  mono-  or  proto-hydrates  haring 
the  general  formula  M'HO.  These  hydrates  are  soluble  in  water,  forming  strongly 
alkaline  solutions  which  precipitate  the  solutions  of  all  other  metals,  exceptiug  the 
alkaline  earth-metals,  barium,  strontium,  and  calcium.  The  hydrates  of  the  alkali- 
metals  volatilise  slightly,  but  do  not  decompose  oven  at  the  highest  temperatures. 
Hydrate  of  thallium,  on  the  other  hand,  becomes  anhydrous  when  heated  at  100® 
in  the  air,  or  left  over  oil  of  vitriol  at  common  temperatures. 

AU  proto-equivol<‘nt  metals  also  form  anhydrous  protoxides,  having  the  general 

* Thallium  In  many  other  of  ita  chemical  relailooi  exhibiti  a marked  rcaembUnce  to  the  alkali-meUli. 
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formula  M*0.  To  this  group  belong  also  the  saliilable  oxidoB  of  the  di-equiraleut 
tnctaU,  included  in  the  formula  ; such  are  tho  oxides  of  barium,  stroutium, 
calcium,  of  all  tho  other  earth*metals  excepting  aluminium,  and  of  niunj  of  tho  heavy 
metalB,  namely  zinc,  cadmium,  chromium,  mangauese,  iron,  nickel,  cobalt, 
uranium,  copper,  mercury,  lead,  palladium,  platinum,  tin,  and  a few  others. 
Lastly,  there  are  two  oxides  containing  4 atoms  of  metal  to  I atom  of  oxygen,  viz. 
Ag^O  and  Cu*0.  The  former  has  long  been  known ; the  latter  was  obtained  by 
H.  Hose  (Bull.  See.  Chim.  1864,  p.  33U)  by  treating  a cupnc  s;Ut  with  an  alkaline 
solution  of  stannous  oxide.  In  these  oxidi-s,  2 atoms  of  metal  take  the  place  of  1 atom 
hydrogen.  They  are  easily  decomposed  by  acids,  with  separation  of  metal,  and  forma- 
tion of  argentic  and  cupric  salts  respwtively. 

The  protoxides  of  the  alkali-metals  and  of  thallium  arc  decomposed  by  water,  with 
formation  of  soluble  hydrates  (c.  g.  K’O  + 11*0  « 2KHO)  ; the  oxides  of  barium, 

strontium,  and  calcium  unite  directly  with  water,  also  forming  soluble  hydnites  (c.  g. 
Ba"0  + 11*0  ss!  Ba^H’O*).  AU  other  protoxides  are  insoluble,  or  nearly  so,  and 
are  for  the  most  part  unaltered  by  water;  tho  protoxides  of  magnesium  and  lead,  how- 
ever, arc  slowly  convcrtcnl  by  water  into  hydrates.  Protoxidt's  and  protohydraU*» 
are  decomposed  by  most  acids,  with  formation  of  salts,  and  elimination  of  1 atom  of 
water : e,  g. 


KHO 

+ 

nci 

H'O 

+ 

Ka. 

TIO 

+ 

2HCI 

H-0 

+ 

2TICI. 

Ba"0 

+ 

2HCn 

H=0 

+ ■ 

Ba"Cl». 

BaK) 

+ 

H'SO*  - 

HH)‘ 

Ba"S0‘. 

2.  Oxides  and  HydraUi  cftntaining  two  atoms  of  Oxygen^  formed  on  ths  type  of  a 
double  atom  of  waU  r^  HH)*. — This  group  includes  : — a.  Tho  hydrates  of  the  di-eijui- 
Talent  metals,  barium,  calcium,  lead,  copper,  Ac,,  barytic  hydrate 

cupric  hydrate  Cu"I£*0*,  staunuus  hydrate  .Su"ll''0*.  The  hydrates  of  barium,  strontium 
and  calcium  are  soluble  in  water ; the  rest  are  insoluble  or  very  slightly  soluble,  as  hydrate 
of  lead.  All  these  hydrates  are  decomposed  by  heat  into  metallic  oxide  and  water;  but  tho 
degree  of  heat  required  to  effect  the  change  is  different  in  each  particular  instaiici'. 
Thus,  cupric  hydrate  is  decomposed  at  a temjierature  below  that  of  boiling  water,  whereas 
hydrate  of  calcium  requires  a full  red  heat  to  resolve  it  into  quicklime  and  water.  These 
hydrates  are  decomposed  by  acids,  with  formation  of  salts  and  elimination  of  2 at.  water : 
Ba"H*0*  -I-  2HC1  = 2H*0  + Ba'Cl* 

Cu"H*0*  + H*SO*  « 2H*0  + Cu'SO\ 

3.  The  anhydrous  salifiablo  oxides  of  tetra-equivalont  metals,  e.g.  zirconia 
thori na  Th‘^0*,  stannic  oxide  Sn*’0*,  platinic  oxide  Pf’O*,  and  tho  com-s- 
pondiug  oxides  of  the  other  metals  of  tho  platinum  group ; also  titanic  oxide  Ti'*0*, 
tantalic  oxide  Ta^’O*,  niobic  oxide  Nb‘*0*,  and  the  dioxidesof  molybdenum, 
tungsten,  aud  vanadium.  All  these  dioxides,  excepting  those  of  titanium,  tan- 
talum, and  niobium,  have  more  or  less  of  a basylous  character,  and  are  converted  into 
salts  by  the  action  of  acids;  but  they  all,  excepting  those  of  molybdenum,  tungsten  and 
vanadium,  likewise  exhibit  the  characters  of  acid  oxides,  and  foi-m  salts  witli  the  more 
basylous  oxides.  In  the  same  group  of  acid  oxides  may  also  be  included  the  dioxides 
of  certain  semimetallic  dements,  namely  silicic  oxide  or  anhydride  SiO*,  sel- 
eniuus  oxide  Se'’0*,  and  tellurous  oxide  Te''0*. 

y.  Certain  double  or  saline  oxides  in  which  half  the  hydrogen  is  replaced  by  2 atoms 
of  a mono-equivalent,  and  half  by  1 atom  of  a di-equivalent  metal,  such  us  potassium- 
zinc-oxide  K’Zn"0*,  platiniteof  potassium  K*l:‘t"0*,  stannito  of  sodium 
Ka*Sn"0*,  &c. 

9.  In  addition  to  tho  acid  and  basylous  dioxides  above  mentioned,  there  are 
certain  other  oxides  with  two  atoms  of  oxygen,  possessed  of  vexy  different  properties. 
In  these  last  dioxides,  typified  by  peroxide  of  hydrogen  H*0*  the  second  atom  of 
oxygen  seems  to  be  retain<^  on  a very  uncertain  tenure.  Oxides  of  this  description 
aro  usuallv  termed  peroxides,  to  distinguish  them  from  the  salifiable  oxides  already 
considered.  These  peroxides  do  not  form  any  correspKmding  chlorides,  or  corresponding 
salts  in  general,  but  when  acted  upon  by  hydrochloric  acid,  they  evolve  either  peroxide 
of  hydrogen  or  chlorine,  thus : 

BaO*  + 2Ha  - H*0»  + Ba"a» 

MnO*  + 4HCI  » 2H*0  + Mn**Cl*  + Cl*. 

The  peroxides  of  barium,  strontium,  calcium,  potassium,  and  sodium  have  a tend*'ncy 
to  produce  peroxide  of  hydrogen;  while  tJio  p<roxides  of  the  less  basylous  metals, 
manganese,  lead  and  silver,  have  a tendency  to  produce  chlorine.  In  aoconianc*'  with 
these  different  tendencies,  the  alkaline  peroxides  are  found  to  exert  in  many  case.s  a 
reducing  action,  like  peroxide  of  hydrogen  (iii.  198),  whereas  tlie  peroxides  of  man- 
ganese, lead  and  silver,  act  more  generally  os  oxidising  agents ; aud  hence  it  has  been 
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inferred  bySchonbein  and  others  (p.  302)  that  the  oxygen  in  the  alkaline  peroxides 
is  essentially  eleetro-poeitire.  whereas  that  in  peroxide  of  manganese  &c.  is  essentially 
negative.  These  differences,  however,  are  not  really  permanent  and  essent  ial,  but  vary  with 
the  conditions  under  which  the  second  atom  of  oxygen  is  set  free.  In  the  first  place,  all 
peroxides  alike  evolve  chlorine  (i.  c.  exert  an  oxidising  action)  when  heated  with  strong 
hydrochloric  acid. — 2.  An  acid  solution  of  peroxide  of  hydrogen  converts  fcrrocyanido 
into  feiricyanide  of  potassium,  whereas  an  alkaline  peroxide  mixed  with  an  alkaline 
or  neutral  solution  of  the  ferricyanide  n'duces  it  to  ferrocyanide. — 3.  An  alkaline  solu- 
tion of  peroxide  of  sodium  added  to  a manganous  salt  forms  hydrat«'d  peroxide  of 
manganese;  whereas  an  acid  solution  of  j>eroxide  of  hydrogen  mix»-<l  with  perman- 
ganate of  potassium  evolves  oxygen  and  forms  a manganous  salt. — 4.  An  alkaline 
solution  of  peroxide  of  sodium  oxidises  an  alkaline  solution  ofchromic  oxide,  converting 
it  into  chromic  acid,  whereas  acid  sohitions  of  peroxide  of  hydrogen  (or  of  the  alkaline 
peroxides)  reduce  chromic  acid  to  chromic  oxide(Brodie,  Chem.  Soc.  J.  xvi.  333;  see 
also  i.  856  and  iii.  198).  All  peroxides,  also,  whether  of  the  more  or  less  basylous  sub- 
groups, alike  yield  oxygen  and  a protosulphatc  when  acted  upon  by  strong  sulphuric 
acid: 

BnO*  + H»SO*  = H»0  + O + Ba'?!0‘. 

MnO*  H’SO*  « H’O  + O + 


The  oxygen  evolved  from  the  above  reaction  with  peroxidp  of  barium  is  highly 
ozonic,  and  that  from  the  reaction  with  peroxide  of  manganese  appears  to  contain  a 
trace  of  ozone. 


Those  peroxides  might  also  be 
distinct  set  of  formulae,  thus: 

U*0  . O Peroxide  of  hydrogen. 
Na*0  . O Peroxide  of  s^um, 
K*0  . O Peroxide  of  potassium. 
CaO  . O Peroxide  of  calcium. 
SrO  . 0 Peroxide  of  strontium. 


as  a distinct  group,  and  represented  by  a 

BaO  . 0 Peroxide  of  barium. 

MnO  . O Peroxide  of  manganese. 
PbO  . O Peroxide  of  lead. 

Ag^O  . O peroxide  of  silver. 


We  find,  however,  that  although  non-salifiable  as  a rule,  yet  under  certain  circum- 
Btancos,  some  of  these  oxides  can  act  a.s  if  salifiable.  Thus  the  peroxides  of  manganese 
and  lead  are  capable  of  dissolving  in  acetic  acid  to  form  diacetates.  Moreover,  the 
acknowledged  salifiable  dioxide  or  pallmlium  manifests  many  of  the  properties  of  a 
peroxide.  Whence  it  seems  that  the  difference  between  a salifiable  dioxide  and  a 
neutral  peroxide  is  rather  a difference  of  habit  than  of  essential  character;  and  this 
view  is  confirmed  by  a consideration  of  the  peroxides  with  thr«‘e  atoms  of  oxygen  be- 
longing to  the  next  group.  Most  of  the  aoove  p»*roxides  can  exist  in  the  nydrated 
state,  but  whether  or  not  the  water  exists  a.s  a separate  constituent  has  not  been  satis- 
factorily ascertained.  Some  oxides  also,  having  the  formul.T  of  J-oxides,  have  the 
characters  of  peroxides.  Thus,  red  oxide  of  lead  has  a formula  corresponding  to  that 
of  black  oxide  of  iron,  but  the  two  bodies  behave  very  differently  when  treated  with 
adds.  The  former  breaks  up  in  accordance  with  this  equation : 

Pb>0*  - 2Pb"0  + PbO*i 


the  latter  in  accordance  with  this  : 


Ssllfiable. 


Fe*0*  *■  Fe"0  4-  IvO*. 


3.  Oxide*  with  three  atom*  of  oxygen^  formed  on  the  type  of  three  atom*  of  wateVi 
H*0*.  a.  In  this  class  are  included  salifiable  trioxidcs  and  trihydratrs.  The  most 

basylous  of  the  trioxides  are  alumina  APO*,  ferric  oxide  1^**0*,  chromic  oxide 
Cr*0*,  ceric  oxide  Ce*0*,  and  trioxide  of  bismuth  l5i*0*.  In  the  trioxides 
of  gold  and  antimony,  Au*0*  and  Sb*0*  respectively,  the  chlorous  and  basylous 

functions  are  pretty  equally  balanced,  while  in  trioxide  of  arsen  ic  As*0*  the  basylous 
character  is  scarcely  to  be  recognised.  This  last  trioxide  is  sparingly  soluble  in  water, 

being^conrerted  by  eolation  into  its  corresponding  hydrate  or  acid,  thus:  AsH)*  + 3H*0 
- 2n*As'“0>. 

The  more  basylous  trioxides  are  practically  insoluble  in  water.  They  all  form  hy- 
drates, among  which  the  aluminic,  ferric,  chromic,  and  ceric  hydrates  are  represented 
by  the  genei^  formula  These  normal  hydrates  are  somewhat  unstable, 

especially  on  the  application  of  heat,  whereby  they  lose  water  and  are  reduced  to 
the  type  irM”'0*.  For  example,  II*Fe'*'0*  when  dried  at  120*  lo^  11*0,  and  becomes 
HFe^O*.  Hydrate  of  bisranth  when  first  precipitated  has  probably  also  the  com* 
Vor.  IV.  X 
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position  IPBi'^O*.  but  by  drying  it  loses  1 at,  water  and  is  reduced  to  By 

a further  application  of  heat  these  hydrates  are  rendered  anhydrous,  th\is : 

’2lVVe"0*  - 3H>0  = Fe“0». 

The  basylous  trihydrates  are  all  readily  soluble  in  acids.  The  trioxides  of  aluminium, 
iron,  chromium  and  cerium  exist  in  seveml  different  mo<lification8,  some  of  which  are 
readily,  others  scarcely  at  all  acted  upon  by  acids.  But  all  salitlable  oxides  and  hydratea 
with  three  atoms  of  oxygen,  when  decomposed  by  acids,  yield  corresponding  salts,  and 
eliminate  three  atoms  of  water,  thus: — 

bT*0>  + 6HH  - 3H-0  + SBi^’Cl* 

H*ArO»  + 3IIC1  -=  3H-0  + APCF. 

/3.  Certain  trioxides  have  the  characters  of  peroxides ; that  is  to  say,  when  acted 
upon  by  acids,  they  do  not  form  trisalts  but  protwalls,  and  simultaneously  evolve 
oxygen  or  chlorine.  The  trioxides  of  cobalt  and  nickel  Co*0*  and  Ni*0*  ^•sJ)eclively, 
are  as  decidedly  peroxides  as  the  dioxides  of  lead  and  barium.  The  trinxide  of  man- 
ganese is  intermeduite  in  its  properties,  and  serves  to  connect  the  salifiable  oxides  of 
chromium  and  iron  with  the  indifferent  trioxides,  or  peroxides,  of  nickel  and  cobalt. 
Thus  it  diasulves  in  cold  hydrochloric  acid  to  form  an  un.^table  hydrated  trichloride  of 
manganese : — 

JIn-O*  + 6HC1  ==  3IPO  + 2'Mn‘^CW 
But  when  heated  with  hydrochloric  acid,  it  forms  dichlorido  of  manganese  aud 
chlorine : — 

5In’0»  + 6IIC1  - 3IPO  + 2Mn  *Cl*  + CI» 

y.  Certain  oxides  with  three  atoms  of  oxygen  react  in  a very  peculiar  manner  with 

acid.s.  as  if  !wt>-thirda  of  the  oxygen  were  retained  by  the  metal  on  a more  intimate 
footing  than  the  remainder.  Trioxide  of  uranium  U^*,  is  the  most  striking  member 
of  this  class.  To  judge  from  its  reactions,  it  would  wem  to  be  the  protoxide  of  an 
oxidised  radicle  U‘()*,  playing  the  part  of  a metal.  This  trioxide  might  be  repr#^ented 
by  thi*  formula  (U*0^)”0,  analogous  to  that  of  protoxide  of  copper  Cu"0,  in  which  the 
compound  radicle  U*0*  plays  the  part  of  metallic  copper  Cii.  Certain  it  is  that  tho 
grouping  U’^O*  is  capable  of  being  transferred  from  one  compound  to  another  in  ex- 
change for  au  atom  of  hydrogen  or  its  representative,  precisely  as  is  the  metal  copper, 
thus 

(’u-'O  + 2HNO»  - n»0  + CtrfNO*)*. 

{V^O-fO  + 2HNO'  = II’^O  + (lPO’)"(KO«)*. 

In  a similar  manniT,  tho  trioxide  of  antimony  oec.asionally,  and  the  trioxide  of  iron 
more  rtindy,  react  a.s  if  their  respective  forinul®  were  (Sb*0*)"0  and  (Fe*0*)"0.  In 
many  aluminous  silicates  als»),  the  trioxide  of  aluminium  A1*0*,  app«‘ars  to  function  as 
a protoxide  of  alumiayl  (A1*0*)"0.  The  peculiarity  of  the  trioxide  of  uranium  is  that 
it  never  acts  as  a salifiable  trioxide,  but  always  as  an  oxide  of  umnyl.  Oxides  behaving 
in  tlie  above-df'scriln.Hl  manner,  were  lerm«*d  by  Ixiurcnt  basyl-oxides,  and  their  c»rre- 
8p>>nding  salts  basyl-salts. 

4.  Oxides  H'Hh  four  ato7n9  of  oxygen^  formed  on  the  type  H"0*.  The  only  known 
anM’drous  oxide  ladonging  to  this  type  is  the  tetroxide  of  osmium  OsO*  (p.  246). 

The  hydrates  corres}>onding  to  tho  dioxides  also  belong  to  it:  r.  g,  stannic 
hydrate  H*Su*'0*,  palladic  hydratt*  platinie  hydrate  HT*t‘*0* ; 

also  certiiin  double  or  saline  oxides  containing  telratoinic  metals,  e.  staunate  of 
sodium  Na^Su‘*0\  platinate  of  potassium  K*Pt‘*0‘,  &c. 

The  type  H*0*  also  includes  the  large  class  of  oxides  known  as  J-oxides,  compounds 
in  whicK  6 atMiis  of  hydrogen  are  replaced  by  2 atoms  of  a tri-equivalent  nietul, 
while  tl»e  remaining  two  in  the  type  either  remain  or  are  n‘placed  by  one  atom 
of  a di-equi valent  raetal.  Examples  of  these  compounds  are  furnishe<l  by  mag- 
netic oxide  of  iron  Fe"(Fe"')*0',  chrome  - iron Fe"(Co'")*0*, red  leadPb*'(Pb'^)*0*, 
red  oxide  of  manganese  Mn‘'(Mn"')*0^  &c.  Some  of  the  native  J-oxides  are 
very  slowly  attackt'd  by  acids,  but  all  of  them,  wh<*n  decon»i>r»siHl  by  acids,  form  salts 
com*sponding  to  the  acids,  with  elimination  of  4 at.  water  for  cacli  atom  of  oxide  de- 
coniiiosed ; e.  g., 

Fe\¥e"yO*  + 8IICI  « 4H*0  + FcTl*  + 2Fe“Cl*. 

Oxides  with  foe  atoms  of  oxygen,  formed  on  the  type  To  this  type  belong 

the  peiitoxides  of  bismuth  B»*0*,  antimony  .SbK)*,  and  arsenic  As*0*,  all  of  which  are 
of  acid  charjicter.  The  last  is  easily  soluble  in  water,  the  other  two  are  insoluble. 
With  these  oxides  nuiy  also  be  classed  phosphoric  anhydride  P’O*  and  nitric  anhy- 
dride N*0*. 

The  same  metal  may  give  origin  to  many  different  oxides  and  hydrates,  as  instanced 
particularly  by  manganese.  The  protoxides  and  prolohydrates  are  the  most  strongly 
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basTlons,  and  then  follow  the  trioxides.  The  acid  characters  of  the  hydrates  increase 
with  the  relative  proportion  of  oxygen  which  they  contain : — 

H*Mn"0*  Manganous  hydrate  MnO  Protoxide 

HMn’"0*  Manganic  hydrate  Mn*0^  ?-oxides 

H*Mn’*0*  Manganic  acid  Mn*0*  Trioxide 

Permanganic  acid  MnO*  Peroxide 

The  relations  of  the  principal  classes  of  chlorides  and  salihuhle  oxides  to  one 
another  are  shown  in  the  following  table : — 


Protochloride 

Ckioride. 

KCT 

Protoxide* 

Oxide. 

K'O 

Dichlorido 

Ba"Cl* 

Ba‘0 

Tetrachloride 

Sn"Cl* 

Dioxide 

Sn‘'0« 

Trichloride 

Cr"Cl* 

Trioxide 

Cr*0* 

Hexchloride 

IrCl*? 

IrO« 

Occurrence  and  /ormaiian  of  MeiaUic  Oxidet.  Some  metallic  oxides  are  found 
native.  The  principal  of  these  are  certain  oxides  of  iron,  unmelv,  the  trioxide  FeK)*, 
known  as  red  haematite  or  oligiste ; the  hydrated  trioxido  HFe’^'O’,  known  as  brown 
haematite  or  brownstone;  the  }>oxide  Fe"(Fe"')*0\  known  as  magnetic  iron  ore,  and 
certain  oxides  of  manganese,  namely,  the  peroxide  ISIuO*,  known  as  pyrolusite,  and 
several  rarer  oxides,  including  the  Irioxide  or  bmunite  the  hydrated  trioxide 

or  manganite  H(Mn)"’0*,  the  J-oxide  or  hausnnuiitc  Mn”^Mn'")*0*,  and  an  oxide  of 
peculiar  com[>osition,  known  us  rarvicite.  The  principal  source  of  tin  is  the  native 
dioxide  SnO*,  or  tinstone;  of  chromium,  the  native  double  oxide  of  chrome  and  iron, 
or  chrome-iron ; and  of  uranium,  the  native  J-oxide  U*’(U'")H)*,  or  pitchblende.  Tri- 
oxide  of  aluminium  Al*0’,  occurs  native  in  the  forms  of  ruby,  sapphire,  and  corundum  ; 
and  combined  with  oxide  of  magnesium  in  spinellc  Mg"(AI'^)*0*.  Moreover,  native 
alumina  and  native  magnesia  occur  in  the  hydrated  state,  the  former  as  diaspore,  the 
latter  os  brucite.  Native  trioxidee  of  antimony  and  bismuth  have  been  occasionally 
met  with,  as  have  also  the  two  oxides  of  copper.  Dioxide  of  titanium  is  found  native 
lis  rutile,  brookite,  and  anatase. 

Metallic  oxides  are  obtained  artificially  l>y  the  following  processes : a.  The  soluble 
hydrates  of  calcium,  strontium,  and  barium  are  usually  prepared  by  tlie  action  of  water 
tipon  the  anhydrous  protoxides.  The  soluble  hydrates  oflilhum,  soilium,  and  potassium 
might  be  made  in  a similar  way,  but  in  practice  they  are  always  obtained  by  decompos- 
ing solutions  of  their  carbonates,  sulphates,  or  sul])hydrates  by  ot  her  bases.  Thus  the  car- 
bonate of  alkali-metal  is  usually  decomposed  by  lime  or  baiy’ta,  the  sulphate  by  baryta, 
and  the  sulphydrate  by  oxide  of  copper.  Hydrate  of  barium  likewise  is  frequently 
made  by  decomposing  the  sulphide  or  .sulphydrate  of  barium  with  oxide  of  copper.  The 
six  soluble  hydrates  also  result  from  the  action  of  water  at  ordinary  temperatures  upon 
their  respective  metals.  The  insoluble  salifiable  hydrates  arc  prepared  by  decomposing 
some  or  other  of  their  salts,  with  the  above  soluble  hydrates,  or  with  ammonia,  or  in 
some  cases  with  ma^esia.  Moreover,  the  carbonates  of  the  corresponding  basylous 
metals  may  be  substituted  for  the  above  hydrates  to  precipitate  those  hydrated  oxides 
which  do  not  readily  combine  with  earbomc  anhydride  to  form  carbonates,  thus : 

Sna*  + H*0  + Ca"CO>  = Ca"Cl*  + H^Sn-Q*  CO» 

2FeGl*  -I-  3H*0  + 3CaTO*  . 3Ca"Cl»  + 2H>Fe'*'0>  + 3CO*. 

And,  in  a few  cases,  water,  especially  boiling  water,  may  be  substituted  for  the  alkali, 
Uius : 

Bi"(NO»)*  -h  3H*0  = 3HNO'  + 

Nitrate  of  tellurium  is  decomposed  by  water  in  a somewhat  similar  manner. 

The  hydrated  peroxides  are  usually  prepared  by  adding  water  to  the  anhydrous  per- 
oxides of  the  highly  basylous  metals  ; or  by  precipitating  their  soluble  salts  with  per- 
oxide of  hydrogen ; or  by  passing  chlorine  gas  through  the  protoxides  of  the  heavy 
metals  suspended  in  water  or  alkaline  liquid : 

Cl*  2KH0  + 2CoO  = 2KCI  + Co*0»H*0. 

The  protohydrates  of  iron  and  manganese  absorb  oxygen  from  the  air  to  form  their 
respective  sesquihydrates. 

* The  recent  alterations  In  the  atomic  weights  of  the  metals  (iil.  967)  have  neceisUated  corresponding 
alterations  in  the  nomenclature  of  oxides  ; there  componndi  betn^  now  called  proto*  for  mono-),  dl-, 
or  truotides,  simpir  according  to  the  numter  of  oxrgen-atnms  which  ther  contain,  and  (he  pro(o-and 
tri-oaMes  being  ditiinguished  as  di-  or  mono-metallic,  according  to  thenuml>er  of  atoms  of  metal  jisvoci- 
atrd  with  the  oxygen:  e^.,  K’^O  =i  dl{K}ta«>lc  oxide i Ba'O.  mono-baryiic.  or  timply  barjtic  oxide; 
Cr^CP  s dichromic  trioxtde  • CrO^  chromic  trioxide.  The  dimetiilUc  trioxides  (Hiumina,  (or  ex.tni- 
pie)  were  represented  according  to  the  former  system  of  atomic  weights  (L  4C6)  by  the  formula  H*0*, 
and  called  scsquloaidas. 
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$.  Anhydrous  oxides  are  fluently  prepared  by  directly  oxidising  the  metal. 
Many  oxides,  especially  tlioae  of  volatile  metals,  arsenic,  zinc,  cadmium,  and  mercury, 
for  instance,  are  obtained  by  simply  heating  the  metals  in  air  or  oxygen,  l^tuzido 
of  lead,  a readily  fusible  oxide,  is  made  commercially  by  roasting  the  metal  in  a current 
of  air.  Black  oxide  of  iron  is  well  known  in  the  form  of  smithy  scales,  as  a product 
of  the  ignition  of  iron  in  the  atmosphere;  and  the  two  oxides  of  copper  may  be  made 
in  a similar  manner.  Sometimea,  ^so,  metallic  oxides  result  from  the  direct  action 
of  oxygen  upon  certain  compounds  of  the  metals.  Thus  arsenious  oxide,  and  the 
mixed  oxides  of  iron  and  copper,  are  prepare^l  by  roasting  metallic  sulphides  instead  of 
the  reguline  metals.  Again,  peroxide  of  silver  is  ma<le  by  acting  upon  nitrate  of  silver 
with  nascent  oxygen  evolved  from  the  positive  plate  of  the  battery.  ^lany  oxides,  pro- 
cured in  various  ways,  are  converted  into  their  nigher  oxitles  by  ignition  in  a current 
of  oxygen  or  of  air,  as  is  the  case  with  peroxide  of  barium  and  rj*<l  oxide  of  lead,  for 
instance.  In  this  direct  mode  of  oxidation  the  oxygen  is  frequently  supplied  by  means 
of  some  oxidising  compound.  Thus  the  oxides  of  tin  and  untimuny  are  readily  made 
by  acting  ufion  the  respective  metals,  or  their  sulphides,  with  strong  nitric  acid;  and 
many  oxides  are  procured  by  fusing  the  metah*.  or  their  sulphides,  with  nitre.  By 
this  last  method,  the  resulting  oxides,  if  at  all  of  an  acid-forming  character,  appear  in 
the  state  of  potassium-salts.  Many  metals,  especially  at  a red  beat,  are  readily 
oxidated  by  water  or  steam. 

y.  Some  oxides  are  made,  not  by  oxidation,  but  by  reduction  of  their  superior  oxides. 
Thus,  the  J-oxide  of  manganese  is  made  by  igniting  the  peroxide.  Trioxide  of  chro- 
mium is  made  by  igniting  chromic  acid,  or  the  chromates  of  the  volatile  metals,  mer- 
cury and  ammonium.  Cuprous  oxide  is  made  by  reducing  the  cupric  oxide  with 
metallic  copper.  Dioxide  of  tungsten  is  made  by  n^ducing  tungstic  anhydride  in  a 
current  of  hydrogen.  Sometimes  the  hydrogen  resulting  from  the  decomposition  of 
ammonia  effects  the  reduction.  In  this  way  the  ignition  of  molybdate  of  ammonium 
yields  protoxide  of  molybdenum. 

S.  One  of  the  most  common  methods  of  preparing  anhydrous  metallic  oxides  consists 
in  heating  metallic  hydrates,  eurbonates,  oxalates,  nitrates,  and  sulphates.  Nearly  all 
metallic  hydrates  yield  metallic  oxide  by  exposure  to  a degre<'  of  heat  varying  from 
below  100^  to  full  redness.  The  hydrates  of  potassium,  sotiium,  and  lithium  are  not 
decomposed  by  heat,  but  can  yield  their  corresponding  oxides  by  treatment  with  their 
respective  metals:  NaHO  + Na  ••  Na*0  + II.  All  metallic  carbonates, 
excepting  those  of  barium,  potassium,  sodium,  and,  to  some  extent,  lithium,  are 
decomposed  by  heat  and  yield  metallic  oxide.  Quicklime  or  protoxide  of  calcium  is 
made  m this  way  by  the  ignition  of  chalk  or  carlx)niite  of  calcium.  The  oxides  of 
nickel  and  cobalt  are  frequently  prepared  by  igniting  their  oxalates ; those  of  barium, 
copper,  and  mercury  by  igniting  their  nitrates  ; and  those  of  iron  and  aluraiuium,  by 
igniting  their  sulphates. 

Oxides  are  for  the  most  part  opaque  e.irthy  iKxlies,  destitute  of  metallic  lustre.  With 
the  exception  of  the  peroxides  of  silver,  lead,  and  manganese,  they  are  non-conductors 
of  electricity.  The  uensities  of  metallic  oxides,  save  of  the  highly  basylous  ones,  are 
usually  lower  than  those  of  the  metals  themselves.  Some  native  oxides  arc  extremely 
bard.  This  hardness  greatly  exceeds,  but  otherwise  bears  no  relation  to,  the  hardness 
of  the  corresponding  metals.  At  onlinary’  temperatures,  all  metallic  oxides  occur  in 
the  solid  state.  The  majority  of  them  are  fusible,  those  of  lead  and  bismuth  at  a low 
Ted  beat,  those  of  copper  and  iron  at  a white  heat,  those  of  barium  and  aluminium  in 
the  oxyhydrt^en  blowpipe,  but  that  of  calcium  at  no  temperature  to  which  it  has 
hitherto  been  subjected.  Unlike  the  compounds  of  metal  with  chlorine,  which  are 
much  more  fusible,  the  compounds  of  metals  with  oxygen,  except  indeed  the  black 
oxide  of  iron,  the  trioxido  of  chromium,  and  the  trioxide  of  molyWenum,  are  much  less 
fusible  than  the  uncombined  metals.  Telroxide  of  osmium,  the  trioxides  of  arsenic 
and  antimony,  and  the  dioxide  of  tellurium  are  readily  volatile. 

A greater  or  leas  degree  of  heat  effects  the  decomposition  of  many  metallic  oxides. 
Those  of  gold,  platinum,  silver,  and  mercury  are  reduced  to  the  reguline  stale  by  an  inci- 
pient red  heat.  At  a somewhat  higher  temperature,  tbeperoxidesof  l>arium,  cobalt,  nickel 
and  lead  are  reduced  to  the  state  of  protoxides ; while  the  the  j-oxides  of  manganese  and 
iron  result  from  the  exposure  of  the  dioxide  and  trioxido  respectively'  to  a still  stronger 
degree  of  heat.  By  gentle  ignition  arsenic  anhydride  is  reduced  to  the  state  of  arsen- 
ious anhydride,  and  chromic  anhydride  to  the  state  of  trioxide  of  chromium. 

The  superior  oxides  of  the  metals  are  readily  reduced  to  a lower  state  of  oxidation 
by  tn'atment  with  a current  of  hi/dropeti  gas  at  a more  or  less  elevaUni  temperature. 
At  a higher  deme  of  boat,  hydrogen  ^as  will  transform  to  the  reguliue  state  all  metallic 
oxides  except  the  trioxides  of  aluminium  and  chromium,  and  the  protoxides  of  man- 
ganese, magnesium,  barium,  strontium,  calcium,  lithium,  sodium,  ana  potassium.  The 
temperature  ceceesary  to  enable  hydro^n  to  effect  the  decomposition  of  some  oxides  is 
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comparatirelT  low.  Thus  even  metallic  iron  ma^  be  reduced  from  ita  oxides  by  hydro- 
gen gas  at  a heat  considerably  below  redness,  so  as  to  form  an  iron  pyrophorus.  Carlxm^ 
at  a red  or  white  heat,  is  a still  more  powerful  deoxidating  agent  than  hydrogen,  and 
seems  to  be  capable  of  completely  reducing  all  metallic  oxides  whatsoever.  In  the  re- 
duction of  metallic  oxides  by  carbon  at  a high  temperature,  carbonic  oxide  is  always 
produced,  the  reducing  power  of  which  gas  also  is  extremely  great.  The  oxidisaUe 
luetalB  in  general  act  as  reducing  agents.  As  a rule,  the  more  basyloos  metals,  when 
heated  with  the  oxides  of  less  basylous  metals,  reduce  the  latter  to  the  reguline  state. 
Many  inferior  oxides,  cuprous  oxide  for  instance,  are  made  by  reducing  the  higher 
oxides  with  metaL 

With  the  exception  of  the  oxides  of  the  earth-metals,  chlorine  decomposes  all  me- 
tallic oxides,  uniting  with  the  metals  to  form  chlorides,  and  expelling  the  oxygen. 
With  oxide  of  silver  this  reaction  takes  place  at  ordinary  temperatures;  with  the 
alkalis  and  alkaline  earths,  at  a full  red  heat.  The  action  of  chlorine  upon  metallic 
hydrates  and  moist  metallic  oxides,  to  form  metallic  chlorides  and  either  hypochlorites 
or  peroxides,  has  been  already  described. 

Sulphur  at  an  elevated  temperature  can  decompose  most  metallic  oxides.  With 
many  oxides,  those  of  silver,  mercuiy',  lead  and  copper,  for  instance,  metallic  sulphides 
and  sulphurous  anhydride  are  produced.  With  the  highly  basylous  oxides,  the  pro- 
ducts are  metallic  sulphate  and  sulphide.  There  are  some  oxides  upon  which  sulphur 
exerts  no  action.  Of  these  the  princijpal  are  magnesia,  alumina,  chromic  oxide,  and 
the  stannic  and  titanic  anhydrides,  oy  boiling  sulphur  with  soluble  hydrates,  mix- 
tures of  polysulphide  and  hyposulphite  are  produced.  With  the  exception  of  ma^esia, 
alumina,  and  chromic  oxide,  most  metallic  oxides  can  absorb  sulpharetted  hydrogen, 
to  form  metallic  sulphide  or  sulphydrate  and  water. 

The  action  of  phosphorue  upon  metallic  oxides  is  very  analogous  to  that  of  sulphur ; 
it  usually  produces  a mixture  of  phosphide  and  phosphate.  Like  sulphur  it  does  not 
react  with  magnesia  or  alumina.  Boiled  with  the  soluble  alkalis  it  produces  phus- 
phoretted  hydrtigen  and  a hypophosphite. 

The  aetiou  of  ira/rr  and  acide  upon  metallic  oxides  has  been  already  considered 
(pp.  302-306).  Many  of  the  acid  oxides  dissolve  in  water  to  a greater  or  lees  extent-, 
undergoing  decomposition  and  forming  acid  solutions.  But  the  dioxides  of  tin, 
titanium,  zirconium,  and  tantalum,  and  the  trioxides  of  tellurium  and  tunnten,  may 
be  obtained  in  a state  perfectly  insoluble  in  water.  (Odlin^'s  Manual  of  Chemistry.) , 


Peroxides  of  Organic  Radicles. 

The  hydrati*9  and  oxides  of  basylous  or  positive  organic  radicles  formed  on  the 
«.H*0  have  been  already  described  under  Alcohols  {i.  97)  and  Ethbbs  (ii.  608) ; 
the  hydrates  and  oxides  of  acid  or  negative  organic  radicles  formed  on  the  same 
type  are  described  under  Acids  (i.  39),  and  Axhydridbs  (i.  293).  We  have  hero 
to  descril>e  certain  peroxides  of  acid  organic  radicles  recently  discovered  by  Brodie 
(Proc.  Koy.  .Soc.  ix.  3C1,  xii.  653;  Phil.  Trans.  1864,  p.  407;  Chem,  Soc.  J.  xvii. 
266).  The  following  have  been  obtained  : — 


Peroxide  of  Acetyl  . . . - (C*HK))».0* 

Peroxide  of  Buiyryl  . . . « (C«H’0)*.0* 

Peroxide  of  Valeryl  . . . C'*U*"0*  - (C*H»0)*0* 

Peroxide  of  Benzoyl  , , , C'*H**0*  = (CriTO^'.O* 

Peroxide  of  Nitrobenzoyl  . . C‘<H*(NO*)»0«  - [C’H^NO’)OP.O> 

Peroxide  of  Cuminyl  . . - (C'*H'*0)*0* 

Peroxide  of  Camphoryl  . , C'*H'*0*  *»  C**H'*0*.0*. 

These  organic  peroxides  are  produced  by  the  action  of  peroxide  of  barium  on  the 
chlorides  or  oxides  (anhydrides)  of  the  several  acid  radicles.  In  their  chemical  rela- 
tions they  are  the  analogues  of  peroxide  of  hydrogen  and  of  chlorine. 

The  furmulie  just  given  express  their  composition  in  the  free  state;  the  first  six, 
which  contain  monatomic  radicles,  might  all  be  halved,  but  the  half-formulas  would 
contain  uneven  numbers  of  hydrogen-utoms  and  cannot  therefore  be  admitted  for  the 
isolated  compounds:  these  hulf-molecules,  however,  like  the  single  atom  of  chlorine, 
may  exist  in  combination  with  hydrogen,  producing  the  corresponding  acids;  thus: — 
Free  chlorine.  Hjdrochlorie  add. 

ClCl.  HCl. 

Acetic  add* 


Free  peroxide  of 
•cet)i. 

c*wo*. 


Peroxide  of  Aeciyl,  C*H*0‘,  is  prepared  by  dissolving  acetic  anhydride  in  pure 
ether,  and  gradually  adding  an  equivalent  quantity  of  pure  peroxide  of  barium  : 
2C*H»0*  + Ba**0>  » C*H*Ba''0"  + C*H*0«. 
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Its  preparation  and  properties  hare  already  been  deseriWd  (i.  35).  When  dry  it  is 
violently  explosive  and  roust  be  handled  vriih  the  greatest  caution.  It  is  a powerful 
oxidising  agent,  like  peroxide  of  hydrogen,  but  is  distinguished  from  that  compound  by 
not  rtniucing  chwmic  or  permanganic  acid  in  acid  solution. 

Peroxide  of  Buiyryl^  C*II’*0\  is  easily  prej»ared  by  carefully  mixing  butyric 
anhydride  with  an  equivalent  quantity  of  hydrated  peroxide  of  barium  (till  a drop  of 
the  mixture,  acidulatt*d  with  hydrochloric  acid,  gives  a faint  blue  colour  with  dilute 
solution  of  acid  chromate  of  potassium),  stirring  up  the  mass  with  a Utile  water,  and 
agitating  with  ether.  The  ethereal  solution  washed  with  dilute  hydrochloric  acid, 
carbonate  of  seslium,  and  water,  and  left  to  evaporate,  leaves  the  peroxide  ofbutyiylaa 
an  oily  body  only  slightly  soluble  in  water  ; it  must  bedrietl  with  chloride  of  calcium. 
It  decomposes  with  slight  explosion  when  heated,  and  when  suspended  in  water  exerts 
an  oxidising  action,  like  the  acetyl-compound. 

Peroxide  of  Valeryl^  prepared  in  like  manner,  is  a heavy  oily  liquid, 

possessing  similar  properties. 

Peroxide  of  Ben  coy  is  prepared  by  gradually  mixing  pure  hydrated 

peroxide  of  barium  (pn'viously  dried  by  pressure  between  bibulous  paper)  in  a mortar 
with  an  equivalent  quantity  of  chloride  of  benzoyl ; mixing  the  mass  after  some  hours 
with  water ; washing  it  on  a filter  with  water  to  remove  chloride  of  barium,  then  with 
carbonate  of  sodium  to  remove  benzoic  acid ; drying  the  product  under  the  air-pump, 
and  crystulUsing  it  several  times  from  sulphide  of  carbon,  which  roust  not  be  heated 
above  The  quantity  thus  obtained  amounts  to  about  88  per  cent,  of  the  benzoic 

chloride  used.  Excess  of  water  diminishes  the  product.  It  is  necessary,  however,  to  use 
hydrated  peroxide  of  I'urium,  because  the  anhydrous  peroxide  does  not  act  upon 
benzoic  anhydride,  or  chloride  of  benzoyl  dissolved  in  ether,  even  at  100®.  The 
quantity  of  the  product  is  also  diminished  by  the  presence  of  peroxide  of  barium  in 
excess,  inasmucli  as  this  body,  in  presence  of  water,  destroys  the  peroxide  of  benzoyl, 
exerting  a reaction  exactly  opposite  to  that  by  which  it  was  produced : thus. 


Formation : 

2C’H‘0C1  + 

Beninic 

chloride. 

BaO*  - BaCl*  + (C'HHI)*0=. 

Benitiic  per- 
oxide. 

Decomposition 

; fC’H‘0)*0’ 

Beiitoic  per- 
oxide. 

+ BaO>  = (C”n'0)*Ba"0»  ♦ 

BeiBxrMte  of 
biifium. 

Peroxide  of  benzoyl  may  be  obtained  in  large  splendid  crystals,  belonging  to  the 
trimetric  system,  and  exhibiting  the  combination  »P  . oP  . P . ^ i Poe . 

Inclination  of  the  faces,  : oP  — 146®  36';  ocF:  ooP  « H5®  41’;  4 ; 

^ poo  =»  124°  39';  i ^ I*oo  143°  30';  Pao  : over  the  principal  axis 

=r  113°  12';  P : P in  the  brachydiagonal  terminal  eilge  «=  131°  4';  in  the 
macrodiagonal  terminal  edge  — 97°  36';  at  the  bas«  ««  102°  11'.  (JIuller.) 

Peroxiile  of  benzoyl  melts  af  103*5°  (only  very  small  quantities,  however,  can  be 
melted  without  decomposition);  it  dissolves  readily  in  ether  and  lK*nzene,  and  in  39*5 
pts.  sulphide  of  carbon  at  15°.  It  is  deoom|)09ed  by  l>oiling  potash-ley  with  evolution 
of  oxygen,  and  formation  of  jx)tassic  benzoate.  When  hcaU^  alone  it  decomposers  with 
alight  explosion;  if  mixed  with  sand,  it  gives  off  carbonic  anhydride  (nearly  18  per 
cent),  at  about  86°,  leaving  a resinous  substance. 

Peroxide  of  Nitrohencoyi,  C**H*(NO*/0‘,  is  precipitatwl  on  adding  water  to  a 
solution  of  benzoic  pxToxide  in  a laree  excess  of  fuming  nitric  acid,  and  remains,  on 
evaporation  of  its  solution,  in  sulphide  of  carbon,  ns  a light  yellow  substance  wWch 
decomposes  with  slight  explosion  when  hcuttnl. 

Peroxide  of  Cuminyl.  C**H^*0\  is  prepared  like  the  benzoyl-compound,  and 
cry'stallises  from  ether  in  long  needles,  which  explode  when  heated,  leaving  a resinous 
eubstance. 

Peroxidee  of  Diatomic  Acid  Badielee,  The  anhydrides  of  dibasic  acids 
treated  with  peroxide  of  barium  form  easily  decomposiblc  compounds  which  may  bo 
repirded  as  the  peroxides  of  diatomic  radicles.  When  succinic  anhydride  is  gradually 
mixed  with  peroxide  of  barium  and  a little  water,  an  evolution  of  oxygen  soon  takes 
place,  and  an  alkaline  liquid  is  formed  which  does  not  contain  any  succinate  of  barium, 
but  possesses  strong  oxidising  properties,  though  it  contains  no  peroxide  of  hydrogen, 
as  it  does  not  decolorise  permanganic  acid  or  form  a blue  colour  with  acid  chromate 
of  potassium  (as  is  the  case  with  a mixture  of  barium-peroxide  and  succinic  acid). 
The  solution  bleaches  indigo,  precipitates  manganic  peroxide  from  manganous  acetate, 
oxidises  ferrocyanide  of  potassium,  eliminates  chlorine  from  hydrochloric  acid  when 
heated  with  it,  and  is  resolved  by  boiling  into  free  oxygen  and  succinate  of  barium. 
With  lactide  a solution  is  formed  possessing  similar  properties,  but  still  more  dccom- 
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poeible.  More  permanent  is  the  alkaline  strongly  oxidising  solution  obtained  by 
saturating  1 at  catiipkonc  anht/dridt  in  a well-cooled  yessel,  with  1 at,  barium-peroxide 
and  wat^^r.  This  solution  apix'ars  to  contain  the  barium-salt  of  camphoric  p<‘roxido 
formed  by  ihf  direct  union  of  camphoric  anhydride  with 

barium-peroxide  BaO’,  and  not  a camphorate  of  burium-peroxidc;  for  it  docs  not 
yield  peroxide  of  hydrogen  with  acids,  or  barium-peroxide  with  alkalis. 

OXTOEIV,  SfiTSCTZOir  SSTZMATZOW  OF.  Oxygen  in  the  puro 

state,  is  easily  distinguished  from  all  other  gases  by  the  facility  with  which  it  supports 
combustion  ; a taper  or  a piece  of  wood  immersed  in  it  with  only  a single  point  in  a state 
of  ignition  bursts  instantly  into  flame.  This  effect  is  not  produced  by  any  other  gas 
except  nitrous  oxide,  which  acts  like  diluted  oxygen,  rekindling  the  taper  only  w'hen 
the  wick  is  still  in  a state  of  vivid  glow. 

lu  gaseons  mixtur»*s,  oxygen  may  be  detected,  and  its  quantity  estimated,  by  means 
of  a solution  of  pyrogultute  of  jMtassium^  which  alworbs  it  rapidly,  turning  black  at  the 
same  time  ; for  the  details  of  the  method  see  Analysis  of  Gasrs  (i.  283).  A solution 
of  gallic  or  tan7iic  acid  in  excess  of  potash  may  also  be  used  ; but  the  action  of  these 
solutions  is  much  slower.  Oxygen  is  also  absorl>ed  by  ‘pKyspkoru*^  j>ota$9ium^ 
solutions  of  alkalinr  sulphides,  fvrrous  salts,  and  by  an  amtnoniacal  solution  of  cuprous 
chloride,  or  of  tniprous  sulphate ; but  none  of  these  reagents  are  so  convenient  or  so 
exact  in  their  indications  as  pyrogallate  of  potassium. 

Oxyg«‘n  may  also  be  separat^nl  from  gaseous  mixtures,  and  quantitatively  estimated 
by  explosion  with  hydrogm,  the  volume  of  oxygen  present  being  equal  to  a third  of  the 
Yulnine  of  gas  which  disappears,  supposing  of  course  that  all  other  gases  which  can  unite 
eitlier  with  the  oxygen  or  with  the  hydrogen  have  been  previously  removed  (i.  285). 

The  amount  of  oxygen  in  solid  or  liquid  compounds  is  usually  estimated  by  differ- 
ence, after  all  the  other  elements  present  have  been  determined  (see  Analysis,  Oboanic, 
i.  239).  There  are  but  few  compounds  from  which  oxygen  can  be  separated  in  the 
free  state  by  the  action  of  heat  alone,  and  it  is  only  from  the  noble  metals  that  it  can 
be  completely  sepamled  in  this  way  ; but  the  usual  method  of  determining  the  oxygen 
in  met^illic  oxides  is  by  ignition  in  an  atmo<<phere  of  hydrogen,  the  water  pixaluced 
being  absorbed  by  chloride  of  calcium,  and  weighed. 

Active  oxygen  or  ozone  is  distinguished  from  ordinary  oxygen  by  its  more 
powerful  oxidising  properties.  The  reagent  usually  employed  for  detecting  its 
presence  in  the  air,  or  in  any  gaseous  mixture,  is  paper  covered  with  starch-paste 
containing  iodide  of  potassium,  which  when  moistened  quickly  assumes  a blue  or 
violet  colour  in  contact  with  ozone. 

Starch-paper  impregnated  with  solution  of  potassium-iodide  of  known  strength  is 
also  n.Hod  for  determining  the  relative  quantities  of  ozone  in  the  air  in  different 
localities,  and  at  different  times,  the  amount  present  being  rf^arded  as  inversely  propor- 
tional to  the  time  of  exposure  required  to  produce  a given  depth  of  tint.  But  the 
indications  thus  afforded  are  uncertain,  the  rapidity  of  the  action  being  modified  by 
various  circumstances,  as  by  the  temperature  and  humidity  of  the  air ; moreover, 
the  paper  once  colour^  by  ozone  becomes  decolorised  again  by  continued  exposure, 
and  the  same  effects  of  coloration  and  subsequent  decoloration  may  be  produced  by 
oilier  gases  in  tlie  air,  chlorine,  the  oxides  of  nitrogen  for  example.  For  these  reasons, 
Houzeau  prefers  litmus-paper,  slightly  reddened  and  impregnated  with  iodide  of 
potassium.  This  paper  turns  blue  in  presence  of  ozone,  the  coloration  arising  from  the 
production  uf  a certain  quantity  of  potash  and  separation  of  iodine.  The  same 
change  of  colour  is  not  produced  by  any  other  gas  except  ammonia,  and  the  blueing 
produced  by  this  reagent  is  easily  distinguished  from  that  arising  from  the  action  of 
ozone,  inasmuch  as  it  is  likewise  produced  on  red  litmus-paper  not  containing  iodide 
of  potassium.  Chlorine,  bromine,  iodine,  nitrous  compounds  and  acetic  acid,  change 
the  red  colour  of  the  prepared  paper  to  reddish  yellow. 

Andrews  estimates  the  quantity  of  ozone  contained  in  a given  volume  of  air  by 
passing  the  dry  air  through  a bulb-apparatus  containing  solution  of  potassium-iodide, 
then  through  another  containing  strong  sulphuric  acid  to  absorb  the  water  carried 
away  from  the  first  solution.  The  increase  of  weight  of  the  two  apparatus  gives 
the  quantity  of  c^no  absorl^ed,  and  on  determining  the  quantity  of  iodine  set  free, 
according  to  Bunsen's  method  (i.  265),  it  is  found  that  the  quantity  of  oxygen 
equivalent  to  the  iodine  thus  liberated  is  exactly  equal  to  that  of  the  ozone  absorbed 
(p.  301). 

Atomic  ftcight  oj  Oxygen. — The  prorortion  between  the  atomic  weights  of  oxygen  and 
hydrogen  is  determined  by  the  analysis  and  synthesis  of  water.  The  most  exact 
method  consists  in  passing  pcrtectly  pure  hydrogen  gas  over  red-hot  oxide  of  copper, 
and  comparing  the  loss  uf  weight  which  this  oxide  sustains  with  that  of  the  water 
prodoc<^  Experiments  made  in  this  manner  by  Berseli us  and  D u long,  Ann.  Ch. 
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OXYHYDROGEN  BLOWPIPE. 


Pbys.  IxT.  S86X  eubsequeotly  with  greater  exactness  bjr  Dumas  and  Stas  (Ann.  Ch. 
Pbys.  [3]  rih.  189),  and  bj  Erdmann  and  Marchand  (J.  pr.  Chem.  xlri.  461),  concur 
in  showing  that  water  is  composed  of  1 pt.  by  weight  of  hydrogen  and  8 of  oxygen  (iii. 
196),  and  therefore,  that  if  the  atomic  weight  of  hydrogen  be  taken  as  the  unit,  and  the 
composition  of  water  bo  represented  by  the  formula  H'O,  the  atomic  weight  of  oxygen 
is  16.  Thu  reasons  for  regarding  water  as  and  not  as  HO,  hare  ^en  fully  dis^ 
cussed  in  the  article  Atomic  Weiouts  (i.  461). 

WATB&.  Water  holding  peroxide  of  hydrc^n  in  solution 
(iii.  197)*  Schonbein  (J.  Pharm.  [4]  t.  76;  Bull  Soc.  Chim.  1865,  1 69)  detects 
the  presence  of  peroxide  of  hydrogen  in  water  by  its  power  of  conTerting  the  protoxides 
of  lead,  nickel  and  a few  other  metals  into  peroxides,  and  the  decomposition  of  potas- 
sium*iodide  by  these  peroxides  in  presence  of  an  acid.  The  liquid  to  be  tested  having 
been  rendered  alkaline  by  a little  potash,  a small  quantity  of  a lead-salt  is  added  (not 
in  excess)  and  then  iodide  of  potassium  mixed  with  starch.  If  then,  on  adding  an  acid, 
a blue  colour  is  produced,  the  presence  of  peroxide  of  lead,  and  consequently  of  peroxide 
of  hydrogen,  in  the  original  liquid  may  be  inferred. 

OXTOSHOZO.  A name  applied  byDuf  los  to  those  non-metallic  elements  which 
in  their  chemical  relations  exlubit  a certain  resemblance  to  oxygen,  viz.  bromine, 
chlorine,  fluorine,  iodine,  selenium  and  sulphur. 

OXTOITAVZlf&.  A substance  produced  by  the  action  of  permanganate  of  potas- 
sium on  guanine  dissolved  in  caustic  soda.  (See  Guakixb,  ii.  962.) 

OXTOVKHCZO  Acro.  C«H'*0".  (A.  Beyer,  Ann.  Ch.  Pharm.  cxxxi.  353.)— 
When  glucose  is  treated  with  cupric  oxide  and  potash  for  the  preparation  of  Keichardt's 
gnmmic  acid  (ii.  956),  the  resulting  liquid  precipitated  with  chloride  of  barium  after 
being  rendered  slightly  alkaline  by  ammonia,  and  the  precipitated  gummate  of  barium 
dried  over  the  water-bath,  part  of  it  is  converted  by  oxidation  into  oxygummate  and 
carbonate  of  barium  : 

C*n'»0'*  + 0»  « + 2CO* 

Oummic  acid.  Ox)gummic 

acid. 


The  barium-salt  treated  with  sulphuric  acid  yields  a solution,  from  which  ozygnjnmic 
acid  may  be  obtained  in  shining  netnlles  soluble  in  water  and  alcohol.  The  solutions 
are  strongly  acid.  The  czystals  drit^d  in  the  air,  or  over  sulphuric  acid,  give  off 
water  and  leave  a white  powder  soluble  in  water.  Heated  alK>ve  130®  the  acid  decom- 
poses with  intumescence,  giving  off  pungent  aromatic  vapours  and  leaving  an  acid  car- 
txinaceous  residue. 

Oxygunimic  acid  is  tetrabasic.  The  barium'Salt,  C^H^Ba^O'*,  is  a bulky  precipitate 
wliich  soon  becomes  crystalline;  it  dissolves  sparingly  in  water,  easily  in  hydrochloric 
acid,  and  gives  off  a little  water  at  100®.  The  gilvtr^mlt,  OIPAg^O'*,  is  a white  preci- 
pitate sparingly  soluble  in  acetic  acid,  less  sensitive  to  light  than  the  gummate.  At 
lUO®  it  deflagrates  like  oxalate  of  silver. 

OXZXIPFUXZG  ACZ3>.  C*H*NO*. — This  is  probably  the  composition  of  an 
easily  soluble  acid  produced  by  boiling  the  aqueous  solution  of  diuzohippuric  acid, 
C*H^N*0*  (the  product  of  the  action  of  nitrous  acid  on  amido-hippnnc  acid,  iii. 
160).  (P.  Griess,  Jahresb.  1862,  p.  260.) 

OXTKTDXOOBW  BX.OWPZPB.  Sec  Blowpipe  (i.  616).— Deville  and 
Debray  (Ann.  Ch.  Plivs.  f3J  Ivi.  385)  employ  the  oxyhydrogeu  blowpipe  in  the  following 
manner  for  effecting  the  tusion  of  platinum  and  the  refractory  metals  which  accompany 
it.  The  apparatus  consists  of  the  blowpipe  C (fig.  733),  a furnace  ABD^  and  a crucible 
GHI.  The  blowpipe  is  composed  of  a copper  tube  about  half  an  inch  in  diameter,  ter- 
minating below  in  a slightly  conical  platinum  jet  about  inch  long.  Within  this 
tube,  which  is  supplied  with  hydrogen  or  coal  gas  through  the  stop-cock  //,  is  u second 
copper  tube  C for  supplying  oxygen,  terminated  also  by  a platinum  nozzle  with  an 
aperture  of  al>out  a twelfth  of  an  inch  in  diameter. 

The  furnace  ABD  consists  of  three  pieces  of  well-burnt  lime  of  slightly  hydraulic 
quality,  which  may  be  tumetl  at  a lathe  with  ease.  The  cylinder  A is  about  2^ 
inches  thick,  and  is  perforated  by  a slightly  conical  hole  into  which  the  blowpipe 
fits  accurately,  passing  about  half-way  through  the  thickness  of  the  mass.  A second 
sumeahat  deeper  cylinder  of  lime  B,  is  hollowed  into  a chamber  wide  enough  to  admit 
the  cnicible,  and  leave  an  interval  of  not  more  than  a sixth  of  an  inch  dear  around 
ii.  KK  are  four  apertures  for  the  e.Hcape  of  the  pnxlucts  of  combustion. 

The  out«*r  crucible  HH  is  als<j  mode  of  lime,  but  it  contains  n smaller  cnicible  / of 
gas-coke,  providetl  with  a cover  of  the  same  material ; and  in  this  the  substance  to  be 
fused  is  placed,  the  crucible  resting  on  the  lime  support  //.  The  conical  cover  G is 
made  of  lime,  and  its  apex  should  be  placed  exactly  under  the  blowpipe  jet,  at  a distance 
from  it  of  J to  1^  inch. 
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lime,  Deville  and  Pebraj  aucceeded,  at 
an  expense  of  about  43  cubic  feet  of 
oxygen,  in  melting  and  refining  in  42 
minutes,  25 ‘4  lbs.  aroirdupoU  of  plati- 
num, and  casting  it  into  an  in^t  in  a 
mould  of  gas-coke ; and  much  larger 
masses  have  since  been  melted  by  this 
method.  Lime  is  so  bad  a conductor 
of  heat  that  if  a cup  of  lime  not  more 
than  0*8  inch  thick  be  filled  with  melted 
platinum  the  extenor  scarcely  rises  be- 
yond 300®  F.  {Miller's  Elements  of  Chemistry^  3rd.  ed.  pt.  iL  p.  826,) 


The  different  pieces  of  the  fnmace  must  be  bound  round  with  iron  wire  to  suppor 
them  when  they  crack.  The  oxygen  is  admitted  under  a pressure  of  a column  of  16 

inches  of  water.  The  temperature  is 
Fig.  733.  gradually  raised  to  the  maximum,  and  in 

about  eight  minutes  from  this  time  the 
operation  is  complete. 

By  employing  a jet  of  mixed  coal-gas 
and  oxygen  {EQ,  fig.  734)  in  a furnace  of 


Fig.  734. 


OXT-tOBIO  AOXB.  Syn.  with  Pebiodic  Acid. 

OXTUaATlOSr.  A terra  applied  by  Schdnbein  (Fogg.  Ann.  Ixxx.  520)  totbe 
oxidising  action  of  nitrous  acid,  nitnc  acid,  Ac.,  at  ordinary  temperatures.  He  supposes 
that  part  of  (he  oxygen  in  these  bodies  is  in  a peculiar  active  state  (combined  osoDs 
in  fact,  and  calls  it  **  oxylised  oxygen.” 

OXTUEXA&ZC  AOZB.  Syn.  with  PuRFuniy. 

OXTBtaXB'n-CAXBOXZC  ACID.  A name  applied  by  Kolbe  (Ann.  Ch. 
Pbarm.  cxxvii.  159)  to  glycollic  acid,  regarded  as  i/0,  [0*0*]  0. 

OXnCXTBTZi-TXZZTKTl^BOBYKOVZVaC.  (See  Puospuobus-bases.) 

OXTMOXPKZVX  AccordingtoSchutzenberger(ADn.Ch. Pbarm.  evii.  346), 
mor{>him'  (C*’H'*NO*)  treated  with  nitrous  acid  yields  three  basic  products  to  which 
be  assigns  the  formulse,  C’H*'N0*.H*0;  and  C”H*'NO*. 

OXTirjZPBTBAUC  AOZB.  C‘*U*0*.— This  compound  has  not  been  actually 
obtained,  but  two  chlorinated  acids  are  known  which  may  be  regarded  as  deri\*ative8 
of  it,  namely,  chloroxynapht halic  acid  and  perchloroxynaph- 

thalic  acid  C'*HCIH>*.  These  acids  are  produced  by  tile  action  of  potash  on  the  cor- 
responding chloricles  {md.  inf.).  Alizarin  has  the  composition  of  oxynaphthalic  acid, 
but  it  is  not  produced  by  the  action  of  sodium-amalgam  or  of  the  electric  current  on 
chlorox^-naphthalic  acid. 

Chloroiynayhthalic  acid,  C**H*C10*,  also  called  chloronaphthisie  And  chloro- 
naphthalic  acid,  has  been  already  described  under  the  last  name  (p.  14). 

Eerchloroxynaphthalic  acid,  C‘*HCP0*.  Chloride  of  j)erchloroxynaphthyl 
treated  with  potash  is  immediately  converted  mto  a crimson  substance  firem  which 
adds  separate  yellow  percbloroxynuphthalic  acid.  It  may  be  ciystallised  from  ether, 
converted  into  a potassium-salt,  reprccipitated  by  an  acid,  and  further  purified  by  crys- 
tallisation from  alcohol  or  ether.  In  contact  with  potnsli  or  ammonia  it  forms  red  or 
crimson  salts,  which  arc  insoluble  in  cold  water,  but  appear  to  be  slightly  soluble  in 
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boiling  water.  They  may  be  obtained  in  the  ciyitalline  form  by  neutralising  a boiling 
alcoholic  solution  of  the  acid  with  an  alkali.  (Laurent,  Kev.  Scient.  liii.  696.) 

OX V M APHTKTXtf  CBZiORZ3>B  OF*  The  chloride  correisponding  to  ox}- 
naphlhalic  acid  has  not  been  obtained,  but  two  chlorinated  derivatives  of  it,  being  the 
chlorides  corresponding  to  the  chloroxynaphthalicacids  junt  described,  were  discovered 
by  Laurent  (Ann.  Ch.  Phys.  [2]  Ixiiv.  35  ; Rev.  .Scient.  xiii.  591 ).  They  are  formed 
by  the  action  of  nitric  acid  on  certain  chlorinated  derivatives  of  iinphthalene. 

Chloridf  of  Chlororynaphthtff,  C'*H*CPO*  « C**H*C10“.CT.  Oxichloronaph- 
talone.  Oxyde  de  rA/oroa-r«a/>A^>^r.— Tetrachloride  of  chloronaphthuleno  is  slowly  at- 
tacked by  boiling  nitric  iicid,  becoming  yellow  and  continually  more  fusible.  If  the  action 
be  stopped  as  soon  us  the  yellow  substance  remains  on  cooling  in  the  form  of  a very  thick 
oil,  a solution  of  phthalic  acid  is  obiaim^l.  together  with  a viscid  yellow  oil  in  which  a 
yellow  pulverulent  de|x>sit  forms  after  a while.  The  separation  of  this  substance  may 
be  accelerated  by  pouring  ether  on  the  oil,  and  if  the  ethereal  solution  bt>  decanted  after 
a day  or  two,  the  deposit  washed  on  a filter  with  ether,  and  then  dissolved  in  a large 
quantity  of  boiling  alcohol,  the  solution  deposits  on  cooling  needle-shaped  crystals  of 
chloride  of  chloroxynaphthyl. 

This  compound  is  yellow,  insoluble  in  water,  very  slightly  soluble  in  alcohol  and 
ether,  whence  it  is  deposited  in  needles.  It  distils  without  alteration;  is  dissolved 
with  maljogany  colour  by  strong  sulphuric  acid ; and  is  converted  by  nitric  acid  into 
phthalic  acid  An  alcoholic  solution  of  potash  colours  it  crimson,  and  decomposes  it 
into  chloride  and  chlon^xynaphthalate  of  potassium. 

Chloride  of  Verchloroxynaphihyt.  C'*C1‘0’  = C**CPO’.Cl.  Oxyde  de 
chliyroxenaphtalier. — Prrxluc*Hi  by  ilje  action  of  boiling  nitric  acid  on  hexchloronapb- 
thalene.  The  action  is  very  slow,  rwjuiring  three  or  four  days  boiling  to  complete  it ; 
but  ultimately  a resinous  substance  is  obtained;  which,  when  free<l  from  a little 
oily  matter  by  ether,  and  purified  by  one  or  two  crystallisations  from  boiling  petroleum, 
haa  the  <Hjmpo8ition  of  chloride  of  perchlorox^maphthyl. 

This  substance  when  pure  forms  highly  lustrous  golden-yellow  scales.  It  is  insoluble 
in  yaUr  and  alcofvd,  slightly  soluble  in  l>oiling  ether.  It  melts  at  a somewhat  high  tem- 
perature and  volatilises  in  great  part  without  alteration.  By  boiling  nitric  add,  it  is 
probably  converted  into  trichlorophthalic  acid.  l\)ia»h  and  ammonia  convert  it  into 
chloride  and  perchloroxynaphthalate. 

OXYXAFHTH'rx.AlklXia'i:.  C'®H*XO.  Oxynaphthylidinr.  ^'aphthamrinr. 
(Piria,  Ann.  (Jh.  Pharm.  Ixxviii.  41. — H.  Schiff,  lA/rf.  ci.  90.) — A base  produced 
by  the  action  of  various  oxidising  agents,  such  as  ferric,  auric,  mercuric,  stannic, 
or  zinc  chloride,  silver-nitrate,  or  chromic  acid  on  naphthylamine.  The  violet  colour 
acquired  by  naphtliylamine  and  its  suits,  as  well  as  by  the  thionuphthamates,  on 
exposure  to  the  air.  is  probably  due  to  the  formation  of  this  ba.‘*e.  According  to 
Gan  ah  I (Ann.  Ch.  Pharm.  xeix.  240),  it  is  likewise  formed,  with  evolution  of  nitrogen 
by  the  first  action  of  nitrous  acid  on  naphthylamine  susya  nded  in  water. 

To  pro|>Hn*  it,  hydrocidordtc  of  naphthylamine  is  dissolved  in  alcohol,  the  solution 
diluted  with  water,  but  not  sufficient  to  cause  turbidity,  and  while  the  whole  is  con- 
tinuously stirrctl,  aqutsjus  ferric  chloride  is  added,  drop  by  drop,  until  a slight  excess 
is  present.  The  whole  is  allowed  to  stand  for  an  hour  with  repeated  stirring,  and  the 
pn*cipitate  is  then  collected,  and  washwi,  first  with  water  till  the  wash-waters  cease  to 
become  turbid  with  nitrate  of  silver,  afterwanls  with  alcohol,  and  then  dried  in  vacuo 
(Piria).  Schiff  adopts  the  same  method,  or  he  pn*cipitutes  sulphate  or  acetate  of 
naphthylamine  with  aqueous  chromic  acid. 

Oxynaphtli^lamiiu*  U a light,  amorphous,  dark  purple  powder  closely  rese  mbling 
orcein.  When  moist,  it  lias  a peculiar  odour,  resembling  that  of  iodine,  especially  if 
heated.  It  is  insoluble  in  icater,  also  in  ammonia  and  caustic  potaxh.  It  dissolves 
sparingly  in  alcohd,  imparting  its  colour  to  the  liquid;  abundantly,  with  purple 
colour,  in  ether,  and  is  precipitated  from  the  solution  by  spontaneous  evapora- 
tion as  an  amorphous  powder.  It  dissolves  in  cold  sulphuric  acid,  forming  a blue 
liquid  of  the  colour  of  indigo-solution,  and  is  precipitated  by  water  unchanged.  It 
dissolves  in  concentrated  acetic  acid  with  violet  colour;  the  solution  is  not  precipitated 
by  water  or  by  tartaric  acid,  but  oxynaphthylamino  is  precipitated  therefrom  by  most 
acids,  alkalis,  and  metallic  chlorides.  (Piria.) 

It  does  not  combine  with  acids  or  with  bas(‘s. 

It  melts  when  heated,  and  immediately  decomposes,  evolving  an  aromatic  vapour 
FTnellingof  naphthylamine;  and  finally  leaves  a residue  of  difficultly  combustible  char- 
coal, which  however  may  be  completely  bumt^d.  When  moist,  or  immersed  in  water,  it 
raihdly  becomes  violet ; hence  it  is  difficult  to  obtain  the  dry  product  of  a pure  blue 
colour. 

The  name  oxy  naphthylamine  is  also  applied  byDusarttoa  weak  base,  probably 
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containing  produced  by  the  action  of  reducing  agpnta  on  nitroxynaphthalic 

acid  (p.  1 18). 

H 

OXTFARATASTAStZC  ACZS.  » (C^HK)*)"' 


^0*.  (Maxwell 


Simpson^  Proc,  Roy.  Soc.  xiii.  44; — Bull.  Soc.  Chim.  iii.  368.) — Thia  acid,  homo- 
logous with  malic  acid  and  related  to  paratartoric  acid  in  the  same  manner 

as  malic  to  succinic  acid,  is  produced  together  with  ammonia  by  the  action  of  potash 

(C*H*l***/0 

on  glycero-hydric  oxydicyanide  or  dicyanhydrin  ' H ^ J Cy* ' cyanic  analogue  of 
dichlorhydrin : 


C"H«OCy*  + 2KH0  + 2H*0  = C"H*K*0»  + 2N1I>. 

Preparation. — A mixture  of  1 at.  dichlorhydrin  and  2 at.  pure  potassium-cyanide 
with  a certain  quantity  of  alcohol  is  heated  to  100^  in  well  closed  sedletz«water  bottles 
for  twenty-lour  hours,  by  which  time  the  whole  of  tlie  cyanide  of  potassium  is  converted 
into  chloride.  The  contents  of  the  bottles  are  then  filtered ; the  solution  containing  di- 
cyanhydrin  is  heated  with  sticks  of  potash  as  long  as  ammonia  continues  to  escape ; and 
the  residue,  after  being  freed  from  alcohol  by  distillation,  is  treated  with  nitric  acid,  the 
excess  of  which  is  tlien  also  evaporated  off.  On  treating  the  residue  consisting  of 
potassium-nitrate  and  oxyparatartaric  acid  with  alcohol,  evaporating  the  hltrate,  nniis- 
solving  tho  strongly  coloured  residue  in  hot  water  anil  treating  it  with  chlorine,  then 
neutralising  the  wliole,  cautiously  pr<*cipitating  a third  of  the  acid  with  silver-nitrate, 
then  filtering,  and  precipitating  the  filtrate  completely  with  silver-nitrate,  a perfectly 
colourless  silver-salt  is  obtaineil,  which,  when  decomposed  by  sulphydric  acid,  yields 
oxyparatartaric  acid  us  u colourless  ciystalliue  mass. 

Oxyparatartaric  acid  has  a pure  acid  taste,  and  dissolves  in  water,  alcohol  and  ether. 
It  melts  at  about  135°,  and  decomposes  at  a higher  temperature.  The  free  acid  yields 
a copious  while  precipitate  with  acetate  of  lead,  but  is  not  precipitated  by  lime-water. 
When  neutralised  by  an  alkali,  it  gives  a wliite  precipitate  with  mercuric  chloride,  pale 
brown  witli  ferric  chloride,  bluish-white  with  cupric  salts,  and  a cloud  with  chloride 
of  barium. 

Oxj'paratartaric  acid  is  dibasic,  the  formula  of  its  8ilver^9a/C  being  C*H*Ag*0*.  The 
ethyltc  ether,  C*H*(C*H*)*0*,  distils  between  296°  and  300°,  with  partial  decomposition. 

The  reaction  by  which  this  acid  is  obtained  would,  if  applied  to  each  of  the  cyanides 
derivable  from  diatomic  and  triatomio  alcohols,  yield  for  each  diatomic  alcohol  two, 
and  for  each  triatomic  alcohol  throe  acids  of  difl'erent  degrees  of  basicity,  thus : 


Diatomic  Alcohol  {glycol). 

Cyanide.  Acid. 

Glycolic  Chlorhydrin  C^H^OCl  C-H‘OCy  C*H*0*  lactic  (monobasic). 
Dichlorido  of  Kthyleno  C^H*Cy*  C*H*0*  succiuic  (dibosic). 


Chlorhydrin 

Dichlorhydrin 

Trichlorhydrin 


Triatomic  Alcohol  {glycerin). 


c>n^o*ci 

C*HK)Cl" 


Cyanide.  Acid. 

C*H‘O^Cy  (monobasic). 

C*H“OCy‘  C*HK)*  oxyparatartaric  (dibasic). 

C'H'Cy"  O'U’O*  (tribasic). 


OXTPBSmC  ACXB.  C*H‘0*.  Pyrocatechin.  Pyrom^trintannic acid.  (Reinsch, 
Repert,  Ixviii.  64. — Wackenroder,  Ann.  Ch.  Pharm.  xxxvii.  327. — Zwenger,  ibid. 
xxxviL  327.— R.  Wagner,  J.  pr.  Chem.  lii.  450;  Iv.  66. — Eissfeldt,  ibid.  xcii.  101. 
— Buchner,  ibid.  xevi.  186.) — A substance  metameric  with  hydroquiuone  (iii.  213), 
produced  by  the  dry  distillation  of  cateebin,  morintannic  acid,  and  probably  also  of 
pencedanin  and  of  kino;  also  of  wood,  whence  it  is  found  in  wood-vinegar.  It 
does  not  occur  in  coal-tar.  According  to  Eissfeldt  and  Uloth  (Ann.  Cb.  Pharm. 
cxi.  215),  all  those  kinds  of  tannin  which  turn  ferric  salts  ^een.^r.  g.  the  tannin  of 
Krameriatriandra,  TormenUllaerecta,I*olygonum  Distorta,  Vaccinium  MyrtUlus,  Pyroia 
vmbel/ata,  Calluna  vulgaris.  Ledum  palwtre,  &c.,  yield  oxyphenic  acid  by  dry  distilla- 
tion, whereas  those  kinds  which  turn  ferric  salts  blue  {e.  .g  that  of  Arbutus  Uva  Ursi, 
and  of  Rhododendron  ferrugineum)  do  not  yield  it.  It  is  also  produced,  together  with 
carbonic  anhydride,  by  heating  oxysalicylic  acid  to  210° — 212°:  — CO* 

-e  C*H*0*,  a certain  quantity  of  the  metameric  body  hydroquinone  being  always 
formed  at  the  same  time.  lodophenylic  acid  treated  with  potash-ley  also  yields  oxy- 
phenic acid.  (Lautemann,  Ann.  Cb.  Pharm.  cxx.  299.) 

J^eparation. — 1.  Cateebin  or  catechu  is  introduced  into  a capacious  retort  and 
quickly  heated  above  its  melting  point  till  it  chars ; the  distillate  which  collects 
in  the  cooled  receiver  is  evaporated  at  30°  till  crystals  form  on  the  surface,  the  empy- 
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reuzoatic  oils  which  become  resinised  dnriog  the  eraporation  being  separated  by  filtra- 
tion; the  black-brown  cr}’sta]line  mass  which  forms  on  cooling  is  sublimed  (after 
pressure  between  paper,  according  to  Wagner),  a large  quantity  of  liquid  then  passing 
over  at  first,  which  also  yields  oxyphenic  acid  by  eraporation  ; and  the  sublimation  of 
the  crystals  is  repeated  three  or  four  times,  till  they  no  longer  become  coloured  on 
exposure  to  the  air  (Zwenger). — '2.  Crude  morintannic  acid  mixed  with  an  equal 
quantity  of  sand  is  heated  in  a retort  over  a moderate  fire;  and  the  distillate,  which 
solidities  on  cuoUng,  is  freed  from  oil  containing  phenol  by  pressure  between  paper, 
and  purified  by  sublimation  and  recrystollisalion  from  water  (Wagner). — 3.  Mal- 
abar kino  or  butea-kino  yields  by  dry  distillation  a clear  waterr  liquid  smelling  of 
creosote,  and  leaTing,  after  separation  from  empyreuroatic  oil,  and  eraporation,  a black 
czy'stailiue  mass,  which  when  sublimed,  yields  uxv'pbenic  acid  in  thin  colourless  lamins, 
and  sometimes  in  rhombic  prisms.  From  malabar  kina  (but  not  from  butea-kino), 
a small  quantity  of  oxyphenic  acid  may  also  be  obtained  by  extraction  with  ether 
and  CTaporatiun, — or  by  precipitating  U)e  aqueous  extract  with  acetate  of  lead,  decom- 
posing the  lead  precipitate  with  sulpnuretted  hydrogen,  eraporating,  and  digesting  the 
residue  in  ether  (Eissfeldt). — 4.  Crude  wood-Tinegar  evaporated  to  a syrup  is 
shaken  up  with  a saturated  solution  of  common  salt ; the  liquid  separated  from  the 
tarry  matter  is  agitated  with  ether ; the  ethereal  li<^uid  separated  from  the  saline  solution 
and  the  ether  distilled  off;  and  the  residue  (containing  oxyphenic  acid,  acetic  acid  and 
tar-oil)  distilled  in  a stream  of  carbonic  anhydride,  whereupon  acetic  acid  passes  over  first, 
then  oxyphenic  acid  and  tar-oil,  then  a brown  viscid  oil.  The  middle  portion  of  the 
distillate,  which  must  be  collected  apart,  solidifies  on  cooling  in  a reddish-yellow  crys- 
talline pulp,  which,  when  pressed  between  bibulous  paper  and  sublimed  in  a stream  of 
carbonic  anhydride,  yields  colourless  oxyphenic  acid.  Or  better:  The  wood-rin^^r  is 
shaken  up  with  ether  without  previous  evaporation  ; the  residue  obtained  from  the 
ethereal  liquid  by  distilling  off  the  ether  i.s  shaken  up  with  a saturated  solution  of  com- 
mon salt ; the  saline  solution,  after  sejxiration  from  the  oil,  again  sliaken  up  with  ether; 
the  ether  distilled  off ; and  the  residue  also  subjected  to  distillation  : a liquid  is  then  ob- 
tained, which,  on  cooling,  yields  tolerably  pure  crj-stals  of  oxyphenic  acid.  (Buchner.) 

I*ropcrUr*. — Oxyphenic  acid  forms  broad,  white,  strongly  shining  laminae  resembling 
benzoic  acid,  and  rhombic  prisms  (Zwenger).  Small  shining  rectangular  prisms 
belonging  to  the  triraetric  system  ; bevelled  with  two  faces  resting  on  the  acute  lateral 
edges  at  an  angle  of  116*^  (Wagner  and  Neumann).  It  melts  at  and 

sublimes  even  at  a lower  temperature  (Zwenger);  melts,  after  drying,  between 
110®  and  1 15®,  and  volatilises  gradually  at  130®  (between  60®  and  60®  according  to 
Wagner);  melts  at  111®  or  112®;  when  perfectly  dry,  and  volatilises  even  at  ordinary 
temp(‘ratures  (Eissfeldt);  melts  at  111®,  and  volatilises  at  the  melting  point, 
subliming  in  shining  laminae  (Buchner).  Boils  between  240®  and  245®  (between 
240®  and  250®,  according  to  Wagner),  and  yields  cvdourless  vapours  which  condense 
into  a quickly  crj^tallising  oil  (Wagner).  The  vapours  have  a pungent  odour  and 
excite  coughing.  It  has  a bitter  taste  and  scarcely  rwldens  litmus.  Mixed  with  hydro- 
chloric acid,  it  colours  fir-wood  violet,  the  colouring  being  stronger  as  the  oxyphenic 
acid  is  more  free  from  plienol.  (Wagner.) 

Oxyphenic  acid  dissolves  readily  in  u-aU  r ; also  in  oil  of  vitriol  and  hydrochloric  acid, 
very  readily  in  alcohol,  and  very  readily  according  to  Zwenger,  but  with  difliculty 
according  to  Buchner,  in  fthcr. 

It  quickly  absorbs  ammoniacal  gas,  and  gives  it  off  again  in  vacuo  or  at  100®. 
(Zwenger.) 

Its  aqueous  solution  forms,  with  nrutral  acetate  of  lead,  a thick  white  precipitate, 
C*H*Pb”0*,  which  is  pc-rmonent  in  the  air,  nearly  insoluble  in  water,  but  dissolves 
very  rt*adily  in  acetic  acid.  When  dried  in  the  cold,  it  appears  greenish-white,  but 
brownish  when  dried  at  100®. 

The  aqueous  solution  of  pyrocatechin  does  not  colour /ciroua  salts;  it  colours /rmc 
salts  dark  green  and  then  forms  a black  precipitate;  the  dark  gr»*en  colour  is  changed 
by  alkalis,  even  in  very  dilute  solutions,  to  a beautiful  violet-red  like  that  of  perman- 
ganate of  potassium,  and  the  green  colour  is  restored  by  acids. 

It  does  not  precipitate  gelatin,  or  the  salts  of  quinine. 

Decompositions. — 1.  Oxyphenic  acid  turns  yellow  when  heated,  and  becomes  somewhat 
richer  in  carbon.  It  also  leaves  a slight  black  residue  when  sublimed.  This  residue 
boiled  with  water,  leaves  an  empyreuraatic  resin,  and  yields  a brown  decoction ; on 
evaporating  this  liquid,  a black  film  forms  on  the  surface  and  a brown-black  residue  is 
left.. — 2.  It  bums  with  a bright  flame. — 3.  Its  aqueous  solution  turns  reddish  in  con- 
tact with  the  air,  ami  may  be  evaporated  without  decomposition. — 4.  It  is  rapidly 
decomposed  by  chlorate  of  potassium  and  hydrochloric  acid,  yielding  perchloroquinone. 
— 5.  yUric  acid  acts  upon  it  with  violence,  evolving  red  vapours.  The  products  of  this 
reaction  are  oxalic  acid  and  traces  of  a yellow  nitro-acid,  probably  oxyphenic  acid. — 6. 
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'With  aqneOTii  chloride  of  lime  or  acid  chromate  of  potaesium^  it  forms  a black  liquid 
and  a black  precipitate. — 7.  With  aqueous  caustic  alkalis  or  alkaline  carbonates  it 
forms  a mixture  which  is  yellow  at  first,  then  becomes  greenish-yellow,  and  lastly 
black.  The  aqueous  solution  of  oxyphenic  acid  produces  a greenish  precipitate  with 
silver  solution,  the  silver  being  partly  reduced,  and  a dark  brown  precipitate  with  sol- 
ution of  gold.  To  platinic  chloride  it  gradually  imparts  a green  colour  and  then  forms 
a greenish-brown  precipitate.  According  to  Wagner,  it  easily  reduces  silver  nitrate, 
auric  chloride  and  platinic  chloride  ; and  at  a boiling  heat,  cupric  sulphate  or  acetate 
mixed  with  potash ; it  also  imparts  a brown  colour  to  cupric  acetate,  and  then 
forms  a black-brown  precipitate.  It  is  not  altered  by  sulphurous  acid,  (Wagner.) 

Aeetoxyphenic  acid,  C*H*(C-H*0)H)*,  is  produced  by  the  action  of  chloride  of 
acetyl  on  oxyphenic  acid.  It  is  easily  ^ible,  insoluble  in  water,  but  soluble  in 
alcohol,  whenceit  crystallises  in  needles,  it  does  not  even  colour  iron-salts.  (N  a ch  b a a r, 
Ann.  Ch,  Phann.  c^ni.  243.) 

lienznxyphenic  acid,  C*H*(C7IP0)*0*,  is  obtained  in  like  manner  as  a viscid 
mass  which  solidifies  in  the  ciystalline  state  after  a few  days.  It  is  insoluble  in  water, 
easily  soluble  in  alkalis  and  in  alcohol,  and  crystallises  from  the  latter  in  funnel-shaped 
masses  of  rhombic  crystals.  The  solution  colours  iron-salts  green.  (Nachbaur.) 

OXTVBBinrXr-SlIXPHimzC  ACZD.  C*H*S0*.— This  acid  is  formed,  with 
CTolution  of  nitrogen,  when  the  aqueous  eolution  of  diaxophenyl-sulphuric  acid, 
C*H^N*SO*,  is  heated  above  60°.  Its  silver-salt,  C*H*AgSO\  ciystallises  in  small 
needles.  (R.  Schmitt,  Ann.  Ch.  Pharm.  cxiL  118.) 

OXTPSVCXSBASrnr.  See  PsvcEDjunN. 

OXTPBORPBTJtZC  ACZ1>.  A nitro-acid  produced  by  the  action  of  nitric  acid 
on  euxanthono  (ii.  610). 

OXTVZCBZC  ACZ1>.  C"H»N’0*  « C*H»(N0*)»0*.— acid  (firom 

astringent).  Artificial  bitter  or  artificial  tanin  of  Logwood-extract, — This 
acid,  which  differs  from  picric  or  trinitrophenic  acid  by  1 at.  oxygen,  is  produced  by 
the  prolonged  action  of  nitric  acid  at  the  boiling  heat  on  extract  of  logwood, 
euxanthone,  gum-ammonium,  nsafeetida,  galbanum,  sagHpenum,  or  the  aqueous  extract 
of  fustic  or  sandal-wood.  It  was  first  obtained  in  an  impure  state  by  Chevreul  in 
1868  (Ann.  Ch.  Ixvi.  116;  Ixxiii.  43),  afterwards  in  the  pure  stale  and  more  exactly 
investigated  by  Erdmann  in  1846  (J.  pr.  Chem.  xxxvii.  409;  xxxviii.  356),  and  a 
few  weeks  later  by  Bdltger  and  Will  (Ann.  Ch.  Pharm.  Iviii.  273). 

Preparation. — 1.  Krom  Asafeetida.  1 pt.  of  asafeetida  in  lumps  of  the  size  of  a 
walnut  is  heated  to  a temperature  between  70°  and  75°  in  a wide  porcelain  basin,  with 
4 to  6 pts.  nitric  acid  of  specific  gravity  1*2,  free  from  sulphuric  and  hydrochloric 
acid ; and,  after  the  resin  baa  become  soft  and  divided,  and  a thick  froth  lias  risen, — 
which  roust  be  prevented  from  running  over  by  stirring — the  mass,  which  is  then 
lemon-coloured  and  viscid,  is  kept,  together  with  the  surrounding  nitric  acid  liquid,  at 
the  boiling  heat,  with  frec^uent  addition  of  fresh  acid,  till  (in  6 or  6 hours)  it  is  com- 
pletely dissolved  ; after  which  the  dark  red-brown  solution  is  evaporated  nearly  to  a syrup 
and  mixed  with  a small  quantity  of  water.  If  it  then  gives  a greasy  resinous  precipitate, 
it  must  be  boiled  for  a longer  time  with  nitric  acid ; but  if  it  gives  a yellowish  sandy 
precipitate,  it  most  be  carefully  evaporated  to  a thick  syrup  to  drive  off  the  greater 
part  of  the  nitric  acid ; then  heated  to  the  boiling  point  with  a tolerable  large  quantity 
of  water;  mixed  with  carbonate  of  potassium  as  long  as  effervescence  ensues,  but  no 
longer  (so  as  not  to  redissolvo  any  ondecomposed  portion  of  the  resin  which  rises  to 
the  surface  when  the  liquid  is  neutralised) ; strained  through  grey  paper  ; evaporated  ; 
and  left  to  crystallise.  The  mother-liquor  repeatedly  evaporated  and  cooled  yields  an 
additional  quantity  of  crystals  of  impure  ox^icrate  of  potassium,  till  at  last  nitrate  of 
potassium  (but  no  oxalate)  separates  out.  The  needle-shaped  crystals,  united  in  red- 
orown  crusts  and  nodules,  are  freed  from  the  mother-liquor  by  draining  on  bibulous 
paper,  twice  recrystallised  ftom  water,  with  addition  of  animal  charcoal,  and 
dissolved  in  the  smallest  possible  quantity  of  boiling  water  ; nitric  acid  is  then  added; 
and  the  oxypicric  acid,  which  separates  after  complete  cooling  as  a yellowish-white 
powder,  or  in  fem-like  laminse,  is  collected  on  a filter,  washed  several  times  with 
cold  water,  and  after  thorough  drying,  recrystalUsed  from  boiling  absolute  alcohol. 
This  process  yields  3 per  cent  of  oxypicric  acid.  (Bottger  and  Will.) 

2.  prom  comnwreim  extract  of  if^wood. — The  mode  of  preparation  is  similar  to  the 
preceding. 

3.  From  Etixanthone  or  EuxantMc  acid. — These  substances  are  boiled  for  some  time 
with  nitric  acid  of  specific  gravity  1‘31  ; the  solution  evaporated  over  the  water-bath, 
below  100°  towanls  the  end;  the  sparingly  soluble  ox^icric  acid  separated  fromtheoxalie 
acid  by  repeated  crystallisation,  and  dissolved  in  dilute  carbonate  of  ammonium  ; this 
solution  saturated  while  warm  with  carbonate  of  ammoninm,  whereby  the  oxypients 
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of  ammonium,  which  ia  insoluble  in  aqneoxis  carbonate  of  ammonia,  is  made  to 
crystallise  in  yellow  four-sided  prisms  : these  ciystuU,  if  too  dark-coloured,  are  purified 
by  animal  charcoal ; and  the  oxypicric  acid  is  separated  from  them  by  bydrwhlorie 
acid. 

4.  From  Thcox3rpicricacid  obtained  by  treating  pencednnin  with  warm 

nitric  acid,  is  mixed  with  potash  to  free  it  from  the  oxalic  acid  which  is  abundantly 
mixed  with  it ; the  oxypicrate  of  potassium  which  ciystallises  out  is  washed  with  cold 
water ; its  solution  in  hot  water  is  precipitated  b^'  a lead-salt ; and  the  acid  separated 
from  the  precipitate.  (Rot he,  J.  pr.  Chem.  xln.  376. > 

Proprrtiff. — Oxypicric  acid  crystallises  in  pale  yellow,  regular,  six-sided  prisms 
resembling  pyromorphite ; they  grate  between  the  teeth,  melt  when  carefully  heated, 
and  solidify  in  the  radiated  form  on  cooling.  It  has  a slightly  rough  ta.ste,  neither 
bitter  nor  sour,  but  reddens  litmus  strongly,  and  when  clissoWed  in  alcohol, 
colours  the  skin  permanently  yellow.  It  dissolves,  with  yellow  colour,  in  104  pts.  of 
water  at  25®  (Erdmann);  in  88  pts.  at  62®  (Bottger  and  Will).  It  is  easily 
soluble  in  alcohol  and  in  ether ; more  easily  in  strong  acetic  acid  than  in  water.  It 
dissolves  abundantly  in  strong  nitric  acid  ; less  freely  in  strong  htfdrochloric  acid,  and 
is  partially  precipitated  from  both  acids  by  water  in  the  form  of  powder.  It  gives  a 
copious  precipitate  with  qelatin. 

Becom'poiitions. — 1.  Oxypicric  acid  heated  somewhat  above  its  melting  point  gives  off 
inflammable  vapours.  When  suddenly  heated,  it  defliigrates  like  gunpowder,  with  a 
bright  yellow  flame,  mostly  bordered  with  orange-yellow,  and  leaves  a residue  of 
charcoal.  When  gradually  heated,  it  gives  off  nitrous  gas,  nitrogen,  carl>onic 
anhydride,  inflammable  gas  and  water,  and  leaves  very  finely-divided  charcoal ; on 
rod-hot  iron  it  deflagrates  with  flame. — 2.  It  is  completely  destroyed  by  boiling  nitro- 
hydrochloric  acid,  witli  formation  of  oxalic  acid,  whereas  boiling  concentrated  nitric  or 
hydrochloric  acid  alone  has  no  action  upon  it. — 3.  It  is  decomposed  by  boiling  p»7  of 
vitriol.  It  is  not  decomposed  by  boiling  with  excess  of  concentrate  potash  ; and 
when  digested  with  lime  and  ferrous  sulphate,  does  not  form  a re<l  liquid,  as  picric  acid 
docs,  but  a colourless  liquid. — 4.  It  is  not  altered  by*  sulphydric  acid,  but  the  light 
yellow  mixture  of  the  acid  dissolved  in  alcohol  with  iulphidc  of  ammonium,  im- 
mediately acquires  a dark  brown-red  colour  when  heated,  and  leaves  on  evaporation  a 
black  mass,  containing,  besides  sulphur  and  u small  quantity  of  black  powder,  an 
ammonium-salt  which  may  be  dissolved  out  by  water  ana  whose  acid  resembles  picric 
acid  and  oxypicric  acid, — 5.  The  hot  aqueous  acid  dissolves  ferrous  sulphide  with  less 
evolution  of  sulphydric  acid  than  might  be  expected.  With  zinc  or  iron,  it  likewise 
gives  off  a less  than  proportionate  quantity  of  hydrogen,  forming  greenish-brown  solu- 
tions. It  does  not  act  on  cadmium,  lead,  copper  or  silver.  Its  powder  strewn  on 
potassium  (not  on  sodium)  takes  fire  when  sligntly  pressed  with  a pestle. 

OxYPiCRATRs. — Oxypicric  acid  easily  decomposes  carbonates.  It  is  dibasic,  forming 
neutral  and  acid  salts.  Nearly  all  oxypicrates  detonate,  when  subjected  to  a gradually 
increasing  heat  (not  by  percussion),  even  more  violently  than  the  picrates.  From  the 
aqueou.s  solutions  of  the  heavy  metaillic  salts  of  this  acid,  animal  charcoal  removes  the 
whole  of  the  oxide,  especially  from  the  8ty*phuates  of  manganese,  lead,  nickel  and  copper 
salts.  (Bottger  and  Will,  Rothe.) 

Ammonium-salts,  a.  yeutral.  C*H(NH*)*(N0*)*0*. — The  aqueous  acid  neu- 
tralised with  ammonia  and  then  saturat<^,  while  warm,  with  solid  carbonate  of 
ammonium,  which  diminishes  the  solubility  of  oxypicrate  of  ammonium  in  water,  yields 
large  orange-yellow  needles  which  detonate  slightly  when  heated  and  dissolve  in 
water  more  readily  than  the  acid  salt  (Bott  ger  and  Will).  The  crystals  are  mono- 
clinic,  exliibiting  the  combination  odP.  [ ooFoo  ] . copco  . [Px  ] . — P . P.  — P® . 
Riitio  of  principal  axis,  cUnodiagonal  and  orthodiagonal » I : r6609  : 2*090.  Angle  of 
inclined  axes  — 76®  62'.  Angle  ®P  : xP  in  the  cUnodiagonal  principal  section  = 104® 
32';  [Px  ] ; fPx  ) « 130®  2*.  Cleavage  imperfect  parallel  to  [ »P®  ].  (Schabus.) 

Acid.  C®H*(NH*)(NO*)*0*. — Obtoined  by  neutralising  one-half  of  the  acid  with 
carbonate  of  ammonium,  adding  the  other  half,  then  evaporating  and  cooling.  A com- 
paratively dilute  solution  yields  large,  light-yellow,  flat  nobles,  and  a solution  more  con- 
centrated by  evaporation  yields  capillary  interlaced  needles,  which  detonate  very  slightly. 

The  barium-salt,  C*HBa"(NO*)*0*.2H^,  is  very  soluble,  and  crystallises  in 
orange-coloured  very  shortenwl  needles,  which  give  off  half  their  water  at  100®. 

The  cadmium-salt  is  deliquescent. 

The  ca/ci  2C‘HCa"(NO’)*0*  7H*0  ? is  also  very  soluble,  and  crystallises 

in  nodules  which  give  off  10*22  p4>r  cent.  (2  at.)  water  at  100®. 

li\\e  cobalt -salt  forms  light-brown  very  soluble  needles.  The  ammonio-cobaJtous 
salt  forms  brown-yellow  needles  : the  potassio-cf^balUois  salt,  hanl  brown  nodules. 

The  cupric  salt,  CJ®HCu”(N0*)*0’H*0,  is  obtained  in  light  yellow  needles  by 
lea^nng  & solution  of  cupric  carbonate  in  oxypicric  acid  to  evaporate.  The  ammonia- 
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cupric  8oIt  is  obtained  in  brown,  moderately  soluble  triclinic  crystals,  by  dissolving 
cupric  carltonate  in  a saturated  solution  of  oxypicrate  of  ammonium.  The  pntas$io- 
cupric  salt,  C*’H*K*Cu''(N0*)*0‘,4H^0  ? preparkl  in  like  manner,  forms  tufts  of  brown 
needles  which  detonate  with  great  yiolemM  wnen  heated. 

Iron~8alts, — The  filtrate  obtained  by  precipitating  the  bariura-salt  with  ferrous 
sulphate,  slowly  yields  bUck-gre^n  crystals  which  dissolve  readily  and  pas.s  to  a higher 
state  of  oxidation.  The  ammonium>salt  mixed  with  iron  alum  forms  yellow  needles  of 
ferric  oxyiiicrate. 

Lead-salt. — The  neutral  salt  has  not  been  obtained.  A solution  of  neutral  lead 
acetatemixedwith  oxypicric  acid  forms  a light  yellow  flocoulent  precipitate  c«>nai>ting  of 
K basic  salt,  C*“H^Pb'\N0^)*0*.2Pb"0.3H“0.  It  is  insoluble  in  water,  and  when  dry 
detonates  by  mere  pressure. 

The  magnesium-salt  is  very  soluble  and  difficult  to  ciystallisc. 

The  manganese-salt  is  obtained  by  precipitating  tlie  barium-salt  with  manganous 
sulphate,  and  evaporating  in  light  yellow  rhombic  tablets,  which  when  heated  melt  in 
their  water  of  crystallisation  and  turn  red.  It  gives  off  22  98  per  cent,  water  (10  at.) 
at  100° 

The  crystalliBcs  with  difficulty  in  light  yellow,  very  soluble  needles. 

The  nickel-potassium  salt  forms  brown  crystalline  crust.s. 

Potassium-salts. — The  neutral  salt,  C*HK*(N0’)’0’,  forma  thin,  truncated 
orange-yellow  needles,  sparingly  soluble  in  water.  Potash  addtd  in  excess  to  the 
aqueous  acid  throws  down  tliis  salt  in  the  form  of  a ciystalline  powder.  The  acid-salt, 
C*n^K(N0*)*0*.H*0,  obtaimd  by  saturating  half  of  a given  quantity  of  oxypicric  acid 
with  carbonate  of  jwtassium,  and  then  adding  the  oth»*r  lialf,  crystallises  in  light  yellow 
capillary  needles,  which  give  off  their  water  of  crystallisation  at  100^. 

Silver-salt,  C*HAg*(NO*)*0*.  The  solution  of  carbonate  of  silver  in  the  aqueous 
acid  at  60®,  or  the  mixture  of  the  potassium-salt  with  a mo<lerately  strong  solution  of 
nitrate  of  silver  prepared  at  60®,  yields,  when  somewhat  quickly  cooled,  light  yellow, 
fiat  needles,  three  inches  long,  or  by  slow  cooling,  laminae  whica  dissolve  sparingly  in 
water,  and  from  whose  solution  the  silver  is  reduced  on  boiling,  with  decompoeiUon  of 
the  acid. 

Sodium-salts. — The  neutral  salt,  2C*HNa*(N0*)*0*,5lP0  {?),  crystallises  in  small 
light  yellow  neo<Ues,  veiy  soluble  in  w ater,  and  giring  off  the  whole  of  their  crystallisa- 
tion-water at  100®.  The  acid-salt  has  not  been  obtained  in  the  crystalline  state. 

The  strontium-salt,  C*HSr''(N0’)*0*.21I*0,  is  much  more  soluble  than  tho 
barium-salt,  but  crystallises  very  easily  from  a moderately  concentmt<d  solution  in 
veiy  laige  nodules  composed  of  long  light  yellow  needles,  which  give  off  7 02  per  cent, 
water  at  100®. 

OXYPZN ZT&razC  ACZ1>.  C'*H’*0* — An  acid  said  by  Kawalier  (Wien. 
Acad.  Ber.  xi.  351)  to  occur  about  Christmas  in  the  needles  of  the  Scotch  fir  {IHnus 
sgivestris).  To  extract  it,  the  comminuted  needles  are  exhausted  with  boiling  alcohol 
of  40  per  cent;  the  alcohol  is  distilled  off;  and  the  residue  is  mixed  wiui  water, 
which  throws  down  a grivn  mass  of  resin,  while  the  supernatant  liquid  retains  in 
solution  pinipicrin  sugar,  oxypinitaiuiie  acid,  pinitannic  acid  and  traces  of  citric  acid. 
This  liquid  may  berendcr»*d  filtrable  by  addition  ofafew  drops  of  neutral  lead-acetate; 
and  on  mixing  tho  filtrate  with  an  excess  of  that  reagent,  oxypinitammte  of  lead  is 
precipitateil.  This  precipitate  is  then  to  be  digested  with  dilute  acetic  acid  ; the  filtrate 
precipitated  by  basic  lead-acetate,  which  throws  down  pure  oxypinitannaU-  of  lead  ; tho 
washed  precipitate  decomjxiscd  by  sulphydric  acid ; and  the  filtrate  evaporated  over  the 
water-bath. 

Oxypinitannic  acid  is  a brownish  inodorous  powder  haWng  a very  astringent  taste, 
easily  soluble  in  traUr.  The  solution'  ia  coloun^  yellow  by  ammonia;  forms  with 
baryta-water  a yellow  liquid  which  deposits  red  flock.H  when  heated  ; is  coloured  green 
hy  ft rric  chloride ; and  forms  a greenish-brown  precipitate  with  cupric  sulphate  and  a 
small  quantity  of  ammonia.  It  is  not  precipitated  by  tartar-emetic  or  nitrate  of  silver. 
When  supersaturated  with  ammonia,  it  quickly  absorbs  oxygen  from  the  air  and 
acquires  a brown  colour.  By  boiling  with  hgdrttchloric  acid,  it  acquires  the  colour  of 
carmine.  When  Ixiiled  with  dilute  sulphuric  acid  it  deposits  a red  powder,  but  does 
not  yield  sugar.  The  ammonium-salt  mixed  with  silver-iiitrate,  becomes  turbid  and 
deposits  metallic  silver  when  heated. 

OXnaOTSHr.  See  Photeix. 

OXTVTKOXiZC  ACZB.  C'H'*0*?  (Arppe,  Ann.  Ch.  Pharm.  xcv.  242.)— An 
acid  said  to  be  pniiluced  simultaneously  with  succinic  acid  by  the  action  of  nitric  acid 
on  sebacic  acid.  It  (rystallisi's  sometimes  in  colourless  laniime,  sometimes  in  spherical 
masses  ; dissolves  in  42  pts.  of  water  at  20®,  much  more  easily  in  boiling  water,  melu 
at  130®,  and  decomptsea  at  higher  temperatures.  It  gave  by  analysis  47*7  to  48*1  per 
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cent  carbon,  and  6 6 to  6 9 hydrogen,  the  abore  formula  requiring  47*7  carbon  and  6*8 
hydrogen.  The  silver-salt  gave  57  0 percent,  silver,  the  formula  C^H**Ag*0*  requiring 
56‘4  per  cent.  According  to  Wire  (Ann.  Ch.  Pharm.  civ.  267),  this  acid  is  identicid 
with  piraelic  acid,  Arppo  in  a later  communication  (Ann.  Ch.  Pharm.  cxv. 

143)  states  that  the  acid  obtained  as  above  easily  passes  from  the  gn^nular  into  the 
laminar  form,  that  the  composition  of  granular  acid  agrees  l>est  with  the  formula  of 
pimelic  acid,  but  the  laminar  acid  has  the  composition  C’U‘K)^ 

OZTQVZnrzVS*  A compound  formed  by  boiling  sulphate  of  quinine  with  nitrite 
of  potassium.  Nitrogen  gas  is  then  evolved,  and  the  liquid  when  cold,  yields  with 
ammonia  a white  crystallo-gninuUr  precipitate,  the  aleoholic  solution  of  which  leaves 
on  evaporation  a transparent  amorphous  residue,  quickly  becoming  crystalline  in  contact 
with  water.  The  crystalline  granules  melt  at  100®  in  their  water  of  crystallisation, 
give  it  off  at  130®  and  are  converted  into  a colourless  transparent  mass,  which  remains 
solid  at  140®,  and  contains  C**H**N’0*  » quinine  + 1 at.  oxygen.  It  is  insoluble 

in  water,  soluble  in  alcohol  and  ether,  and  less  bitter  than  quinine.  (Sebutaenberger, 
Compt.  rend,  xlvii.  81.) 

OXTSUtOPBOVS  (from  po^dvtty,  to  absorb).  A name  applied  by  Bobereiner 
to  platinum-black,  because,  according  to  bis  observations,  it  absorbs  oxygen  from  the 
air  and  not  nitrogen. 

OXTSAUCTUO  ACXX>.  C’lI'O*.  (Lautemann,  Ann.  Ch.  Pharm.  cxx. 
299  ; Jahresb.  1862,  p.  397.) — This  acid,  raetamoric  with  carbohydroqulnonic(iii.  214), 
hypogallic  and  protocatcchuic  acids,  is  produced  by  boiling  a solution  of  mono- 
iodosalicylic  acid  in  caustic  potash.  When  the  reaction  is  completed  (t.  c.  when  a 
drop  of  the  liquid  mixed  with  hydrochloric  aci<l  no  longer  gives  u precipitate  of 
iodosalicylic  acid)  the  liquid  is  to  be  slightly  supersaturate  with  hydrochloric  acid, 
and  filtered  when  cold;  and  the  filtrate  shaken  up  with  ether,  which  takes  up  nothing 
but  oxymiHcylic  acid,  and  leaves  it  on  cvaponition  as  a brown  crystalline  mass.  The 
acid  is  purified  by  treating  its  solution  with  uc<*tate  of  lead  and  sulphydric  acid. 

Oxysalicylic  acid  forms  highly'  lu»!-trous  needles  easily  soluble  in  teufer,  alcohol,  and 
ether.  The  aqueous  solutiou  mixed  with  ferric  chloride  acquires  a deep  blue  colour, 
changing  to  a splendid  violet  on  addition  of  acid  carlionate  of  sodium.  The  crystallised 
acid  contains  no  water  of  crystallisation  ; it  melts  at  193®  and  is  resolved  lietween  210® 
and  212®  into  carbonic  anhydride  and  oxyphenic  acid  C*H*0*,  together  with  its  isomer 
hydroquinone. 

The  salts  of  oxvsalicylic  aeid  are  very  unst.able ; those  of  the  alkaline  carth-metals 
turn  brown  and  ifecotnposo  when  their  aqueous  solntions  are  exposcil  to  the  air.  The 
acid,  in  contact  with  alkalis,  instantly  bei^^mes  reddish,  and  soon  afterwards  brown. 

Bloxysalloylic  or  Oalllo  Acid,  is  produced  in  like  manner  by  the  action 

of  boiling  {xitash  on  di-iodosalicylic  acid  (ii.  760),  but  a considenible  portion  of  the 
gallic  acid  thus  formed  is  converted  during  the  process  into  pyrogallic  acid,  the  potash 
acting  upon  it  under  those  circumstances  in  the  same  manner  as  a high  temperature. 
Di-iodosalicylic  acid  healed  for  six  hours  to  150®  in  a sealed  tube  with  excess  of  potas- 
sium carbonate,  yields  a mixture  of  salicylic,  oxysalicylic,  and  dioxysalicylic  acids. 

OXTSAZiTS.  Salts  of  oxygen-acids,  or  oxides  in  which  the  hydrogen  of  the  type 
nH*0  is  replace<l,  partly  by  acid,  partly  by  basylous  radicles.  (See  Salts.) 

OXTSTXVCHBZBBS.  (Schutzenberger,  Compt.  rend,  xlvii,  79.) — Com- 
pounds produced  by  the  oxidation  of  strychnine.  When  sulphate  of  strychnine  is 
boiled  with  nitrite  of  potassium  in  aqueous  solution,  nitrt^en  is  abundantly  evolved, 
and  the  liquid,  on  addition  of  ammonia,  yields  a light  yellow  fiocculent  substance  which 
crystallises  from  alcohol  in  transparent  orange-yellow  crystals,  apparently  having  the 
form  of  rhombic  prisms  with  truncated  edges,  and  consisting  of  oxystrychnine, 
= C”H”N*0*  (strychnine)  + 3H*0  + O.  The  mother-liquor  on 

further  concentration  deposits  darker  coloured  orange-red  prisms  of  dioxystrych- 
nine,  C*'H”N*0'  = C’'H"N''0*  + 3H*0  + O’.  Both  compounds  are  insoluble 

in  water  and  in  ether,  contain  no  water  of  crystallisation,  decompose  at  300®,  and  have 
a bitter  taste,  but  not  so  strong  as  that  of  strychnine. 

OXTSTTXiFRZBBS.  Compounds  of  oxides  and  sulphides,  or  sulphides  in  which 
the  sulphur  is  partly  replaced  by  oxygen.  Many  metallic  oipulphide.s  occur  as 
natural  minerals,  red  antimony  ot  krrmesojne  for  example;  many  others  are  formed 
artificially,  as  antimonial  crocus  or  saffron  (i.  328). 

OXTBUXPBOCAJtBOIfZO  STBZStS.  See  Sulfhocarboxic  Ethers. 

OXTStrXiFBOFZ.AT13rOCTABZX>B  OF  POTASSrOlB.  See  Ctamdxs  or 
pLATixrM  (ii.  267). 

0XT8VXiPB08irz«PBirB0ir8  ACZ2>.  Syn.  with  Htposulpruroi'S  Actd  (see 
Sulphur,  Oxtobh-acids  or). 


OXYSYLVIC  ACID— OXYTOLUAMIC  ACID. 


S21 


OSCTSTXiVZO  ACZS.  C"H**0*  ? — A viscid  substance  obtained  by  oxidation  of 


sylvic  acid  (;.  v.). 

OXTTMtaJHTH  AIi AMIC  ACXS.  C*H’NO* 


(C*H'0)‘ 

II 


}o- 


(D«  La 


Rue  and  Muller,  Proc.  Roy.  Soc.  xi.  112;  Jahresb.  1861,  p.  425.)~Produc<«i  by  the 
action  of  reducing  agonU  on  nitroterephthalic  acid.  It  cryHtallisoa  in  thin  priami)  or 
mora^like  aggregations  of  lemon-yellow  colour.  It  is  sparingly  soluble  in  cold  water, 
alcohol,  ether  and  chloroform,  and  like  its  analogues,  glycollamic  acid,  &c.,  unites 
both  with  bases  and  with  acids. 

The  oxytertphthalamaUs  are  crystalUsable  and  easily  soluble  in  water  and  in  alcohol, 
forming  strongly  fluorescent  solutions;  the  compounds  of  oxyterephthnlaniic  acid  with 
acids  are  likewise  crystallisable,  but  are  decomposed  by  a large  quantity  of  water ; the 
acid  solutions  are  not  fluorescent. 

The  ethers  of  oxytereplithalamic  acid  are  obtained  by  reduction  of  the  nitrotereph- 
thalic ethers.  The  tneihylic  ether  is  crystalline  and  soluble  in  warm  alcohol ; tlie 
ethylic’  ether  forms  large  crystals  resembling  uranic  nitrate,  and  forming  a strongly 
fluoreeceot  solution. 

By  the  action  of  nitrous  acid  on  oxytercpbthalamic  acid  in  alcoholic  solution,  a num- 
ber of  compounds  are  formed  analogous  to  those  which  Qriess  obtained  from  oxybon- 
zamic  acid  (p.  292). 


ACXS,  is  produced,  with  copious  evolution  of 

nitrogen,  by  the  action  of  nitrous  acid  on  oxytcrephthalamic  acid.  The  salts  are 

X'^lisable,  and  less  soluble  than  the  corresponding  terephthalates.  The  neutral 
8 are  liquid ; so  also  is  the  chloride  of  oxyUrcphthalyl,  which  is  ea.‘iily  soluble  in 
water  and  in  alcohol.  (De  La  Rue  and  Muller.) 

OXTTOUO  ACXD.  C’H*0*.  (Fit tig,  Ann.  Ch.  Pharm.  cxi.  966.)— An  acid, 
isomeric  with  salicylic  and  oxybenzoic  acids,  and  perhaps  also  with  ampelio  acid  (i.  201). 
It  is  produced  by  the  oxidation  of  toluene  (hyarido  of  benzyl,  i.  673).  When  toluene 
(boiling  between  108®  and  113®)  is  boiled  for  four  or  five  days  with  a mixture  of  1 pt. 
commercial  nitric  acid  and  2 pts.  water,  a crystallino  mixtur»*  of  acids  is  obtained  whieli 
are  somewhat  difficult  to  separate.  On  repeatedly  treating  the  crystalline  mass  which 
remains  after  the  distillation  of  the  unaltered  toluene  and  the  nitn)ioluene  with  a 
small  quantity  of  hot  water,  so  that  al)out  a fourth  piirt  shall  remain  undissolved,  and 
leaving  the  solution  to  cool,  oxytolic  acid  ciy’stallit^os  out,  and  may  be  purified  by  dis- 
tillation, conversion  into  a calcium-salt,  and  n'peated  crystallisation  ot  the  latter,  till 
the  acid  separated  from  it  melts  constantly  at  180®. 

The  mother-liquor  of  the  oxytolate  of  calcium  yielded  a calcium-salt,  the  acid  of  which 
appeared  to  be  impure  benzoic  acid.  The  leas  soluble  portion  of  the  product  of  the 
oxidation  above  described  contained  an  acid  which  exhibited  nearly  the  composition 
C*H*0*;  but  it  did  not  melt  at  a constant  temperature,  and  still  contiuned  nitrogen  ; 
whence  Fit  tig  concludes  that  it  consisted  of  oxytolic  acid  contaminated  with  a nitro- 
compound. 

Oxytolic  acid  is  sparingly  soluble  in  cold  water,  bnt  dissolves  more  freely  in  hot 
water  and  in  alcoboL  It  crystallises  from  water  in  colourless  net-dles,  melts  at  180®, 
solidifies  at  177®,  sublimes  below  its  melting  point  and  distils  undecomposed  at  higher 
temperatures.  The  vapour,  both  of  the  dry  acid  and  of  the  aqueous  solution,  excites 
conghing,  like  btmzoic  acid. 

Oxytolic  acid  is  monobasic.  T\\c  •poiassium'SaH^  C’H'KO*,  is  very  soluble  in  water, 
and  crystallises  from  alcohol  in  small  needles.  The  sodium-salt  is  precipitated  as  a 
jelly  from  its  aqueous  solution  by  alcohol.  The  ftarium-salt,  C**I1**Bh"0*,  gives  off  its 
water  of  c^stallisation  (amount  not  determined)  over  oil  of  vitriol.  The  calcium-salt^ 
C‘*H**Ca‘'0*.3H*0,  crystallises  in  needles  soluble  in  water  aud  in  alcohol.  Tlio  silver-salt, 
C’H*AgO*,  is  a white  precipitate  which  dissolves  in  hot  water,  and  ciystallises  there- 
fiom  in  needles.  Iron,  copper,  and  lead-salts  are  likewise  obtained  by  precipitation  with 
oxidate  of  ammonium. 

The  reactions  of  oxytolic  acid  resemble  those  of  Laurent's  ampelic  acid  more  than 
those  of  either  of  its  other  isomers  (i.  201). 

H»  ) 

OStTTO&VAMXC  ACZX>.  C*H*NO*  = (C*H*0)''VN  or  A midotoluic  acid, 

II  S 

C*H’(NH’)0*  ; also,  but  improperly,  called  Toluamicacid.  (Cahou  rs,  Ann.  Gh.  Pharm. 
evii.  147.)“Obtain^  by  recluction  of  nitrotoluic  Held  with  Kulphide  of  ammonium,  just 
as  its  homologue.oxybenzamic  acid(p.  290),  is  obtaincil  from  nitrobenzoic  acid.  It  unites 
with  acids,  forming  crystaUisable  compounds  resembling  those  of  oxybenzamic  acid. 
VoL.  IV.  Y 
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OYSTERS— OZOCERITE. 


The  hydrochloraU,  C*H*XO*.HCI,  crysUllisee  in  small  nacreotu  needles ; the  chloro^ 
platinate^  (C*H*NO*)*.H*CI*.Pl'»Cl*,  in  red-brown  needles. 

Diazotoluyl-orytoluamic  acid,  C“H*‘N>0* . |HK)  - C“H-N*0*  C»H»NO* . is  pre- 
pared by  heating  o^olnamic  acid  with  nitrous  ether  to  30®,  just  as  the  corresponding 
benzoic  compound  is  obtained  from  oxybenzamic  acid  (p.  292).  It  forms  yellow  micro- 
scopic prisms,  insoluble  in  water,  alcohol,  and  ether ; acids  dissolve  and  decompose  it; 
alkalis  dissolve  it  unaltered.  Its  reactions  are  precisely  analogous  to  those  of  diaso- 
benzo-oxybentamic  acid. 

Tbopolusatum-,  sodium-,  and  of  this  acid  form  easily  soluble  crystal- 

line masses ; the  latter  easily  decomposes  when  its  aqueous  solution  is  boiled.  The 
barium-Mit  is  a yeUowish  precipitate,  insoluble  in  water  and  in  alcohol.  The  eiivcr- 
Mlt  is  a white  gelatinous  precipitate.  (Oriess,  Ann.  Ch.  Pharm.  cxvii.  69.) 

OY8TEBS.  The  body  of  the  oyster  consists  mainly,  according  to  Mulder,  of  an 
albuminoidal  or  protein  substance,  which  coagulates  at  90^,  and  is  then  soluble  in 
strong  acetic  acid.  Oysters  contain  0*6  per  cent  of  sidts. 

Dried  oyster-shells  contain,  according  to  Buebbolz  and  Brandes,  9*8  per  cent, 
calcic  carbonate,  1*2  calcic  phosphate,  0*6  albuminous  substance,  and  0*2  alumina  (?). 
According  to  a more  recent  investigation  by  Schlossberger  (Ann.  Ch.  Pharm.  xcriii. 
99),  oyster-shells  consist  of  three  anatomically  distinct  layers  : 1.  An  inner  layer,  the 
BO-<^led  mother-of  pearl,  smooth,  shining,  and  semi-transparent:  Carpenter’s  8uh- 
nacrfous  substancf.* — 2.  TTio  brown,  hard  scales,  formingthe  outer  edges  of  the  successive 
lamime  of  which  the  upper  shell  is  composed,  these  laminse  being  placed  one  over  the 
other,  like  tiles  on  a roof ; Carpenter’s  pritmaiic  cellular  substoTice. — 3.  A white,  dull, 
opaque,  friable  substance,  called  bv  Schlosi^berger  the  chalky  layer ^ interposed  here  and 
there  between  the  lamins  of  the  shell.  These  three  layers  were  found  to  contain  : 

1 2 3 


Carbonate  of  calcinm 

91-7 

98’3 

89-1 

88-6 

Organic  matter 

2 2 

0-8 

6-3 

47 

Other  salts  (and  loss) 

31 

08 

4-6 

67 

The  salts  contain  small  qiiantities  of  phosphoric  acid  and  alkalis,  with  traces  of 
silica  and  sulphuric  acid. 

The  oiganic  substance  which  remains  on  treating  the  shells  with  dilute  sulphuric  acid 
consists  mainly  of  brown  61ms,  which  are  insoluble  in  hot  water,  even  under  increased 
pressure,  dissolve  gradually  with  aid  of  heat,  in  concentrated  mineral  acids,  but  only 
partially  in  potash-ley  of  50  per  cent.  The  portion  insoluble  in  potash  contains  50*7 
per  cent,  carbon,  6*6  hydrogen,  and  16*7  nitrogen,  and  is  therefore  similar  in  composition 
to  Fr^my's  conebiolin  (i.  1107),  and  is  distinguished  from  chitin  (i.  874)  by  its  large 
amount  ofnitrogen.  (Schlossberger.) 

Oyster  water.  The  water  within  the  shell  of  the  oyster  is  not  simply  sea-water,  but  is 
distinguished  from  it  by  containing  less  salts  and  more  organic  matter.  When  shaken  up 
with  ether,  it  deposits  an  albuminous  substance  containing  8*76percent.  nitrogen.  This* 
albuminous  matter  amounts  to  0*00066  of  the  liquid,  which  is  composed  of  96*888  pts. 
water,  3 022  salts,  0*660  azotised  matter,  0*529  non-azotised  matter  «»  100).  The 
weight  of  liquid  in  the  oyster  is  nearly  e<^nal  to  that  of  the  flesh ; it  probably  contributes 
to  alimentation.  A dozen  oysters  weighing  1*482  were  found  to  be  composed  of  1*209 
shell,  0*112  flesh,  and  0*102  liquid.  On  calculating  the  quantity  of  alimentary  matter 
equivalent  to  the  nitre^en,  it  is  found  that  a dozen  oysters  contain  a quantity  of 
azotised  matter  equal  to  about  one-tenth  of  the  ration  (?  daily)  of  a man.  (Payen, 
BulL  Soc.  Chim.  ii.  236.) 

OT.ARKXTE.  An  amorphous  or  flbrous  variety  of  Tfaomsonite  from  the  Ozark 
mountains,  Arkansas,  where  it  occurs  with  eheolite;  often  also  mixed  with  apatite  (see 
Tiiomsonitr). 

OZOCSEXTB  or  OXOKEAXTIL  A fossil  resin  discovered  by  Meyer  in  a sand- 
tone  in  Moldavia,  in  the  vicinit;^of  coal  and  rock-salt.  It  also  occurs  at  Gresten 
near  Gaming  in  Austria,  and  at  lifhiiskawicsz  in  Galicia  ; also  at  the  Urpeth  colliery, 
Newcastle-on-Tyne.  It  is  like  a resinous  wax  in  consistence  and  translucency,  some- 
times with  a foliated  structure.  Its  colour  is  brown  or  brownish-yellow  by  transmitted 
light ; leek-gyeen  by  reflected  light.  Odour  pleasantly  aromatic.  Specific  gravity 
M 0*94—0*97.  Melts  at  62®  (Schf otter),  at  84®  according  to  Mals^ti;  boils  at 
210°  (Schrotter),  at  300°  (Mahlguti).  According  to  Johnston,  the  Urpeth  variety 
melts  at  60°  and  boils  at  121°.  It  distils  without  decomposition,  is  not  altered  by 
strong  acids,  and  very  little  by  hot  concentrated  alcohol.  The  Moldavian  variety  dis- 
solves but  slightly  in  ether,  whereas  the  Urpeth  variety  dissolves  in  ether  to  the 

* CyclopirdU  of  Anstomjr,  srt.  Shill. 
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■monot  of  fbor-fiftbs,  and  separates  on  evaporation  in  brown  flocks  which  melt  at  38*9*^ 
to  a yellowish-brown  liquid.  Three  or  four  substances  aro  snpposed  to  be  here 
included.  The  composition  of  ozocerite  is  as  follows : 

Moldavia,  JJrpfth. 


Carbon  . 
Hydrogen 

. 

MmUmiU. 

8575 

15-16 

Schrottrr. 

86*20 

13*79 

Johnt^too. 

86*80 

14*06 

100-90 

99*99 

100*86 

It  is  decomposed  by  dry  distillation,  yielding,  according  to  Malguti,  10*34  per  cent^ 
gas,  74*01  oily  matter,  12*55  crystalline  substance,  and  3*10  carbonaceous  residue. 
(Gerh.  iv.  399.  Dana,  ii.  474.) 

Bertolio  (Jahresb.  1860,  p.  797)  examined  a fossil  resin  sent  from  Kio  Janeiro  as 
ozocerite,  but  of  unknown  origin.  It  was  yellow,  shining,  greasy  to  the  touch,  of  the 
hardness  of  talc,  with  a conchoidal  fracture.  Specific  gravity  0*98.  It  melted  at  85®, 
and  boiled  at  245®,  turning  brown  and  emitting  a fatty  odour.  It  dis.solved  in  hot 
alcohol  and  sepfirated  on  cooling  as  a white  powder  composed  of  laminse.  Gave  by 
analysis  69  5 to  70*2  per  cent,  carbon  and  12*2  hydrogen,  approximating  to  the  com- 
position of  moDomargarin  or  monosteanu. 

bxovil.  See  Oxygen  (p,  299). 

OZOJTB-BTOROCIBV.  According  to  Osann,  hydrogen  evolved  by  electrolysis 
from  water  acidulated  with  sulphuric  aci^k  possesses  stronger  reducing  properties  than 
ordinary  hydrogen,  ina.smuch  as  a piece  of  coke  or  spongy  platinum  immersed  in  tha 
gns  thus  obtained,  or  used  as  the  negative  pole  in  the  circuit  in  which  the  acidulated 
water  is  decomposed,  acquires  the  power  of  reducing  silver  from  a solution  of  the  sul- 
phate, and  of  producing  a blue  colonr  in  a solution  of  ferric  chloride  mixed  with 
ferricyanide  of  potassium:  hence  ho  culls  it  ozone-hydrogen.  According  to  later 
experiments,  however,  it  appears  that  to  obtain  this  active  hydrogen  it  is  necessary  to 
use  a recently  prepared  mixture  of  water  and  fuming  sulphuric  acid.  (1^  Jahresb. 
1853,  p.  316;  1864,  p.  286;  1855.  p.  292;  1856,  p.  273;  1857,  p.  81;  1858,  p.  64.) 

OZOITB-WATBS.  An  aqueous  solution  of  ozone,  which,  accordingto  Meissner 
(Jahresb.  1802,  p.  130),  exhibits  in  certain  cases  an  action  opposed  to  that  of  peroxide 
of  hydrogen,  preventing  the  separation  of  iodine  from  iodide  of  potassium  by  peroxide 
of  hydrogen  and  dilute  acids,  or  by  nitrate  or  iodate  of  potassium  with  acids.  When 
this  solution  is  shaken  up  with  peroxide  of  barium,  a riolent  evolution  of  oxygen  takes 
place,  and  the  filtrate  no  longer  exhibits  the  reactions  of  ozone.  Meissner  regnms  ozone- 
water  as  water  combined  with  negative  oxygen  or  ozone ; peroxide  of  hydrogen  as  water 
combined  with  positive  oxygen  or  antozone. 


P. 


VACBXrSBO.  The  bark  of  the  Pacbnelo  tree  of  Bogota  contains  berberine. 
(Perrins.) 


PACBiroXsZTB  (from  rime).  (A.  Knop,  Ann.  Ch.  Pbann.  cxzvii.  61. 

~G.  V.  Rath,  Pogg.  Ann.  cxix.  261.) — A fluoride  of  aluminium,  calcium  and  sodium, 
occurring  in  Greenland  cryolite  as  an  efflorescence  of  small,  shining,  colourless 
transparent  crystals  lining  the  cavities  of  the  cryolite,  or  in  larger  crystals  of  rect- 
angular parallelopipedal  form  on  the  surface.  The  smaller  czystals  are  rhombic 
combinations  ooP  . P . oP(Enop),  also  with  the  face  JP  (v.  Ratli).  The  inclinations 
of  the  faces  are  as  follows : 


cop  : ceP 

P : »P 

P : P in  the  macrodiagonal  terminal  edge 
„ in  the  bmchydiagonal  terminal  edge  . 

,,  in  the  basal  edge  ...... 

I P : I P in  the  maci^iagonal-terminal  edge 
„ „ in  the  brachydiagonal  terminal  edge 

„ „ in  the  basal  edge 

According  to  Knop>  mensorements,  the  ratio  of  the  axes  a 

2 


V.  Rath. 

Knop. 

81®  -28' 

81°  24' 

156°  0' 

164°  10' 

92°  23' 

93°  68' 

106°  49' 

108°  8' 

132°  O' 

128°  20' 

86°  50' 

102°  23' 

147°  20' 

h\  r is  0*8601  : 1 : 1*3469. 
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PACKFONG— PALAGONTTE. 


The  mineral  when  slowly  heated  gives  off  aqueons  yaponr  without  add  reaction ; but 
when  quickly  heated,  it  emits  white  acid  Tapours  whi^  condense  on  the  sides  of  the 
glass  tube  and  can  no  longer  be  roLatilised ; the  rraidue  melts  easily  to  a translucent 
enamel.  The  sublimate  is  insoluble  in  water,  but  dissolyes  easily  in  hydrochloric  acid, 
giving  the  reactions  of  alumina.  The  miner^  dissolves  easily  in  sulphuric  acid  with 
evolution  of  hydrofluoric  acid. 

It  gave  by  analysis : 

Ai  N*  Cl  F rno 

1314  1216  17'25  60*79  9*60  - 102*94  (Knop). 

13*20  12-06  18*05  undet.  9*36  (v.  Rath), 


From  these  numbers  Knop  deduces  the  formula  3 1|  F*.2A1'"F*.2H*0,  which  is 

that  of  a hydrated  crj'olite  having  J of  the  sodium  replaced  by  calcium ; this  formula 
n-quircs  12*29  per  cent.  Al,  12*38  Na,  17*25  Cl^  61*12  F,  and  8 07  11*0.  v.  Rath  gives 
a formula  in  whicli  two-thirds  of  the  sodium  of  cryolite  is  replaced  by  calcium,  and 
half  the  fluoride  of  aluminium  by  alumina  ; but  he  ^d  not  determine  the  fluorine. 


»Acxrova  or  l^AOXTOSfO*  Chinese  nickel-silver  (see  Coppbb,  Axlots  of, 
ii.  51). 


FXOUXM.  A rod  colouring  matter  obtained  from  phenylic  alcohol  by  the  action 
of  sulphuric  and  oxalic  acirK  Kolbe  and  Schmitt  (Ann.  Ch.  Pharm.  cxix.  169),  by 
heating  pt.  phenylic  alcohol  (coal-tar  creosote)  with  1 pt.  oxalic  and  2 pts.  strong 
sulphuric  acid  to  140® — 150®,  for  four  or  five  hours,  obtained  a dark  brown-red  mass, 
which  after  bidng  freed  from  phenyl-sulphuric  acid  by  boiling  with  water,  solidifie<l  to 
a brittle  resinous  substance.  This  substance  dissolves  with  splendid  purplc-nxl  colour 
in  ammonia  and  potash-ley,  and  separates  on  neutralisation  in  orange-coloured  flocks, 
having  when  dry  a splendid  orange-red  colour,  like  that  of  precipitated  alizarin.  It 
melts  at  80®,  and  then  gives  off  phenylic  alcohol ; loses  its  colour  when  treated  with 
sodium-amalgam  or  with  iron-filings  and  acetic  acid,  but  isstable  in  combination  with 
alkalis.  It  gives  by  analysis  numbers  agreeing  with  the  formula  C*H^O,  and  is  re- 
garded by  Kolbe  and  Schmitt  as  probaldy  relateil  to  rosolic  acid. 

G uinoD,  Mamas  and  Bonnet  (Rep.  Chim.  app.  iv.  450)  prepare  this  red  resinous 
colouring  matter  (which  they  designate  as  phnine  imtabh)  by  heating  10  pts.  phenylic 
alcohol  with  4 to  8 pts.  oxalic  acid  and  3 to  6 pts.  sulphuric  acid,  and  filing  with  water 
as  above;  then  heat  it  with  2|  pts.  aqueous  ammonia  to  150®  in  a closed  metallic  vessel 
for  three  hours;  and  from  the  resulting  solution,  by  a process  not  further  described,  they 
obtain  the  colouring  matter  in  a form  in  which  it  withstands  the  action  of  acids  {■j^onine 
itaMe).  By  heating  5 pts.  of  this  product  with  6 to  8 pts.  of  aniline  for  seveml  hours, 
they  further  obtain  a blue  colouring  matter  {azuHn)^  insoluble  in  water,  but  soluble  in 
alcohol  and  in  ether. 


PAC40SXTB,  Syn.  with  AoALMATOLmc. 

PAX8BSROXTB.  Syn.  with  Rhodonite. 

XXSAWO.  Syn.  with  Cibottum  CrsnNou  (i.  962). 

FAXiXO-CATSTAlU.  A term  applied  by  Hnidinger  to  the  original  minerals 
from  which  paramorphs  or  pseudomorpns  are  formed : thus  augite  which  has  been 
altered  to  steatite,  serpentine,  &c.,  is  called  palaco-augite,  the  mineral  resulting  from 
the  alteration  being  the  pseudomorph. 


FAXiACH>irrrB.  An  amorphous  mineral  which,  according  to  Bunsen  and  Sartorius 
y ftltershausen,  is  an  essential  constituent  of  the  volcanic  formations  of  Iceland  and 
Sicily.  It  has  generally  a brown  or  yellow  colour  and  a vitreous  or  grw'sy  lustre ; hard- 
oess  - 4 to  5 ; specific  gravity  = 2*4  to  2*7.  It  gives  off  water  when  heAted,  melts 
easily  ^fore  the  blowpipe  to  a black  magnetic  lead,  and  is  easily  decomposed  and 
gelatinised  by  hydrochloric  acid.  It  is  however  always  mixed  with  a number  of 
minerals,  chiefly  augite  and  felspar,  which  are  not  acted  npon  by  acids ; in  the 
foUowing  analyses  these  foreign  minerals  are  deducted.  The  analyses  of  Sicilian 
pal^mte  by  t.  Waltersh  ausen  ( ru/kani^che  Gest/inr,  p.  179)  ; those  of  the 
Icelandic  mineral  are  by  Bunsen  (Ann.  Ch.  Pharm.  Ixi.  266). 

a.  From  Val^  Noto,  Palagonia.— 5.  Black  palagonite  tufa  from  Militello. — c.  From 
Aa  Castello.-— -(2.  Fr^Trollkonugil  on  Hekla. — c.  From  Krisuvik.— /,  From  Sudafell : 
wlwnite  From  the  Oalepagos  islands : rock  forming  a crater  (Bunsen).— 

A.  Prom  Hof  Besehch  near  Limburg  (F.  Sandberger,  .T.  pr.  Chem.  xlvii.  463).— 
f.  iJlacJc  minenil  analogous  m composition  to  palagonite,  from  Honnef  in  the  Sieben- 
gebirgo  (Wackernagel,  NamffuUUrg't  p.  868). 
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a. 

h. 

C. 

d. 

r. 

f. 

//* 

h. 

i. 

Silica  . 

38-69 

41-37 

36-97 

40-74 

4030 

41-46 

36  95 

4S-96 

41*63 

Alumina 

13-61 

11-32 

7-80 

8-42 

14  45 

10-90 

11-56 

9-94 

18-72 

Ferric  oxide. 

U-51 

16  64 

21-01 

18-00 

14-GO 

18-12 

10-71 

10-54 

2-36 

Ferrous  oxide 

1-80 

, , 

, . 

. 

7-83 

Lime 

8-38 

903 

5-31 

8-75 

6-88 

8-65 

7-95 

4-98 

1-07 

Magnesia  . 

6-13 

7-14 

4-83 

4-54 

7-57 

4-80 

6-27 

3-04 

6-23 

Soda  . . 

1 07 

1-01 

7-23 

062 

1-82 

0-64 

0-55 

1 04 

2-51t 

Potash 

1-35 

1-10 

0*94 

0-43 

0-44 

0-40 

0-77 

0*82 

. 

Water 

10-26 

11-69 

15-91 

18-60 

13-50 

14-49* 

25-24 

20-68 

20-71 

I’hosphoric  anhydride 

. . 

. . 

044 

190 

100 

100 

100 

100 

99-36 

100 

100 

100  06 

These  aaalytical  results  cannot  be  included  uiuUt  any  gcnerul  formula ; they  show 
indeed  that  palagonite  is  either  a mixture  ur  a compound  contaminated  with  foreign 
eubstancf'S.  Bunsen  bus  su^ested  for  the  greater  numl>er  of  palagonites  the  formula 
3(M*O.SiO*).Al*O*.3SiO*.10uk),  which  however  does  not  agree  exactly  with  any 
indiTidoal  anal3'sis. 

9AXIOOS8XXTB.  A white  asbestiform  silicate  of  specific  gravity  2’217  in  the 
Paligorian  mining  district  of  ibe  UraL  Contains,  according  to  f^aftscnenkow,  5218 
percent,  silica,  18*32  alumina,  819  magnesia,  0*59  lime,  12*04  combined  water,  and 
8*48  water  given  off  at  100°  (=  99*84). 

YAXZ8AV1>XR  WOOD.  A rod  dye-wood  from  Madagascar,  the  colouring 
matter  of  which  is  affected  by  the  air  and  by  solvents,  in  the  same  manner  as  that  of 
aandal-wood,  but  has  lees  or  an  orange  tint  and  is  less  able  to  resist  the  action  of 
alkalis  than  the  latter,  being  cbang^  thereby  to  green,  olive-green  and  brown. 
(Arnaudon,  Cimento,  viii.  278.) 

\ PjLLLADIVM-BASBS,  AhMONIACAL. 

»Ay.T.ATfcAarTT.iMamwm.  ) ^ _ 

FA1AABBXHTCAMXIIB.I  See  0«OAX,c. 

PA&XJlDXmft.  Atomic  weight  126.  Symbol  Pd. — A metal  of  the  platinum 
group,  discovered  by  Wollaston  in  1803  (Phil.  Trans.  1804,  p,  419).  The  oxide 
and  many  of  the  other  compounds  were  discovered  and  investigated  by  Berzelius 
(P(^.  Ann.  xiii.  454). 

&currenct. — 1.  Single  grains  of  pure  palladium,  sometimes  of  octahedral  form,  arc 
mixed  with  the  grains  of  platinum  from  Brazil.  Native  palladium  mixed  with  gold 
and  selenide  of  lead  is  also  found  at  Tilkerodc  in  the  Hartz.— 2.  i'alladiuni  occurs  in 
the  platinum  ore  of  South  America(amounting  to  1 pU  in  200  of  the  Peruvian  ore),  from 
St.  Domingo,  and  from  the  Ural. — 3.  It  occurs,  allo^-cd  with  raid,  in  an  auriferous 
sand  from  Zacotinga  and  Condonga  in  Brazil,  mixed  with  specular  iron  ore : the  pal- 
ladium in  this  ore  amounts  to  5 or  6 per  cent.  Also  alloyed  with  gold  and  silver  in 
the  Oro  pudrt  of  Porpez  in  South  America:  this  mineral  contains  10  per  cent,  of 
palladiant. 

Extraction.  1.  From  platinum  ore. — The  ore  is  digested  in  nitromuriatie  acid ; the 
acid  solution  decanted  from  the  insoluble  residue  is  neutralised;  the  platinum  is  pre- 
cipitated by  sal-ammoniac ; and  the  palladium  is  thrown  down  from  the  filtrate  by 
cyanide  of  mercury  as  u white  flocculeiit  c^’anide  which  yields  metallic  palladium  by 
calcination.  (See  further  Gmelin't  Handbook^  vi.  256,  267,  261,  264,  267.) 

2.  From  the  paHadifrrou*  gold  of  Brazil  The  gold-dust  is  fused  with  an  equal 
weight  of  silver  and  a certain  quantity  of  nitre,  whereby  the  earthy  matters  and  the 
^;reater  part  of  the  base  metals  are  removed  in  the  form  of  slag ; the  alloy  is  then  cast 
in  the  form  of  bars  ; the  latter  again  fused  in  a black  lead  crucible,  stirring  constantly 
with  an  equal  weight  of  silver,  so  that  the  gold  amounts  to  about  one-fourth  of  the 
whole  mixture.  The  alloy  is  then  very  finely  granulated  by  pouring  it  through  an  iron 
sieve  into  water ; the  granules  are  heated  in  a porcelain  bamn  with  an  equal  quantity 
of  nitric  acid  and  an  equal  quantity  of  water,  as  long  as  any  action  goes  on  ; the  liquid 
is  decanted ; and  the  residual  gold  is  boiled  for  two  hours  with  a quantity  of  pure  nitric 
acid  equal  to  two-thirds  of  the  granules  used,  after  which  it  is  washed  with  hot  water, 
dried,  and  fused  into  a button.  From  the  resulting  nitric  acid  solutions,  the  silver  ia 
precipitated  by  common  salt  The  remaining  liquid  being  transferred  to  wooden  vessels, 
the  palladium  and  copper  are  precipitated  by  zinc ; the  black  powder  is  dissolved  in 
nitric  acid ; the  solution  supersaturated  with  ammonia,  which  generally  leaves  undissolved 
a small  quantity  of  platinum,  iron,  and  lead ; and  the  filtrate  containing  the  palladium 
and  copper  is  very  slightly  supersaturated  with  h3*dpochloric  acid,  whereby  the  greater 

* And  CO-.  t Ms'^ganou*  oxUe. 
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part  of  the  palladium  is  precipitated  in  the  form  of  yellow  aramonio-protochloride, 
which  is  then  washed  w'ith  cold  water  and  conrerted  into  pure  palladium  by  ignition. 
The  remainder  of  the  palladium  and  the  whole  of  the  copper  may  be  precipitated  from 
the  hydrochloric  acid  solution  by  iron.  (Johnson,  J.  pr.  Chem.  xi.  309.— Cock, PhiL 
Hag.  [3]  xxiii.  16;  also  jiun.  Cb.  Phami.  xlix.  236.) 

Propfriifs. — Palladium  is  a white  metal  intermediate  in  colour  and  lustre  between 
silrer  and  platinum.  A-s  obtained  by  ignition  from  the  cyanide  or  from  chloride  of  pal- 
ladium and  ammonium,  it  forms  a grey  spongy  mass.  Finely  divided  palladium 
Boating  on  water  appears  bIoo<l-red  by  transmitted  light.  Native  palladium  occnra  in 
six-sided  tabb‘8,  with  distinct  cleavage  parallel  to  the  terminal  faces;  wliite,  with  a 
strong  lu-stre,  of  almost  niicrofn'opic  size,  and  attached  to  laniinte  of  native  gold 
(O.  Hose’);  also  in  minute  octahe<lruns  ^Haidinger).  The  native  palladium  from 
Brazil  exhibits  u Bbrous  structure,  and  may  be  thereby  distinguished  and  separated 
fn>m  the  grains  of  platinum  with  which  it  is  mixed  (Wollaston).  SpcciBc  gravity  of 
fused  palladium,  1 1*04  at  18°  (Cloud),  U 3 (Cock),  from  11*3  to  11  8 (Wollaston), 
11’4  at  22-6°  (Beville  and  Debray) ; of  hainmercil  palladium,  11'8  (Cock),  11'852 
(Lanipadius),  rather  more  than  12‘U  (Vauquelin).  12148  (Lowry).  Palladium 
is  about  as  hard  us  platinum  ; ductile,  but  somewhat  l(*ss  so  than  platinum  ; and  may 
be  rolled  out  into  thin  leaves.  It  is  the  most  fusible  of  uU  the  metals  of  the  platinum 
group,  beginning  to  fuse  at  the  strongest  beat  of  a foi^e-fire,  and  melting  perfectly 
iafore  the  oxyhydrogen  blowpij^ie.  When  heated  on  lime  in  Deville’s  furnace  (p.  313) 
to  the  melting  |>oint  of  iri<lium.  it  voIatilis(*s  in  green  vapours  which  coudense  to  a 
bisin^culoun'd  dust  of  metal  and  oxide.  It  oxidises  at  a lower  temperature  than  silver, 
and  is  always  covered  on  the  surface  with  a thin  film  of  oxide.  If  it  be  freed  from 
this  cuatiiig  by  ignition  in  a reducing  flume,  and  held  while  still  hot  in  a stream  of 
mixed  air  and  combustible  gas,  it  continues  to  glow  like  platinum.  If  exposed  to  the 
air  in  the  melted  sUite  it  absorbs  oxygen  and  spits  like  silrer;  but  the  absorbed  gas  is 
not  given  off  till  just  as  the  metal  begins  to  solidify,  s<^>  that  the  mass,  though  very 
dense  on  the  surface,  remains  porous  within.  (Deville  and  Debray.) 

Palladium  is  very  slightly  attacked  by  concentrated  hydrochloric  or  sulphuric  acid, 
even  at  the  boiling  heat.  It  dissolves  in  vitricacid  without  evolution  of  gas,  but  com- 
municates a brownish-rt-d  colour  to  the  liquid,  from  formation  of  nitrous  acid.  It 
dissolves  with  facility  in  nitroynunatic  acid.  Its  surface  is  bhickcned  by  tincture  of 
iodine,  which  has  no  effect  on  platinum. 

Palloflium  is  sometimes  usea  for  making  the  divided  scales  of  astronomical  instm- 
m<*nts,  for  which  it  is  well  adapted,  lading  light,  nearly  ns  white  us  silver,  and  not 
blackened  by  sulphurous  emanations.  It  is  also  used  fur  making  the  smaller  divisions 
of  the  grjiin  or  grarnme. 

Palladium  in  most  of  its  compounds  is  diatomic,  as  in  the  di-chloride  Pd"CP,  the 
di  iodide  Pd''P,  the  protoxide  Pd"0,  &c.  A tetrachloride  occurs  in  certain  double 
salts,  and  the  dioxide  is  known  in  combination  with  water. 

IPAlft&ASZXns,  AXiXiOTB  07.  Palladium  unites  with  most  metals,  but  only  a 
few  of  its  alloys  are  of  any  practical  imj’ortance.  With  antimony  and  arsenic  it 
forms  brittle  alloys,  the  combination  in  each  case  being  attended  with  ignition. 
(Fisch  er.) 

Barium  unites  with  it  at  the  heat  of  the  oxyhydrogen  blowpipe,  forming  a silver- 
white  alloy  which  gradnally  oxidises  on  the  surface.  (Clarke.) 

Kqual  parts  of  bismuth  and  palladium  form  a grey  alloy  having  the  hardness  of 
steel.  (Chenevix.) 

Copper  and  palladium  unite  without  incandescence;  4 pts.  copper  and  I pt.  pal- 
ladium form  a white  ductile  alloy;  equal  weights  of  the  two  metals  yield  a yellow- 
brown  brittle  alloy,  Larder  than  wrought  iron,  and  when  fused  together  before  the 
oxyljydrogen  blowpipe,  un  easily  fusible  alloy  of  pale  colour,  susceptible  of  a high 
polish,  easil}’ attacked  by  the  flie  (Clarke).  Palladium  forms  with  copper  an  alloy 
similar  in  properties  and  composition  to  that  which  it  forms  with  tin  fX/*-X 
obtained  in  a similar  manner.  (Deville  and  Debray). 

With  gold,  palladium  forms  sevend  alloys,  the  combination  always  taking  place 
without  ignition.  1 pt.  palladium  and  1 pt.  gold  form  a grey  alloy  having  the  colour 
of  wrought  iron,  less  ductile  than  either  of  the  component  metals,  and  of  coarse-grained 
fracture ; 1 pt.  palladium  and  4 pts.  gold  yield  a white,  hard,  ductile  alloy;  an  alloy  of 
1 pt.  palladium  and  6 pts.  gold  is  almost  white.  The  native  alloy  of  p^ladium,  gold 
and  silver  from  Porpez  contains  86*98  per  cent,  gold,  9*85  palladium,  and  4*17  silver. 
(Berzelius.) 

The  alloy  of  palladium  and  iron  is  very  brittle;  but  an  alloy  of  1 pt.  palladium 
and  100  pts.  steel  is  well  adapted  for  cutting  instruments  wmcb  require  to  be  per- 
fectly smooth  on  the  edge.  (Faraday  andStodarU) 
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With  lead,  palladiom  forms  a grcj,  hard/ brittle  alloy,  baring  a fine-grained  fracture, 
and  of  specific  grarity  12*0.  The  combustion  is  attended  with  ignition. 

Kespecting  the  mercury-compounds  of  palladium,  see  iiL  880. 

Nickel  and  palladium  unite  at  the  heat  of  the  oxy hydrogen  blowpipe,  forming  a 
highly  lustrous,  very  malleable  alloy.  (Clarke.) 

Equal  parte  of  platinum  and  palla^um  unite  at  a temperature  somewhat  above 
the  melting  point  of  the  latter,  forming  a grey  alloy  of  specific  gravity  ld'141,  as 
hard  as  wrought  iruu,  less  ductile  than  the  gold  alloy.  (Chen or ix.) 

An  alloy  of  1 pL  silver  and  9 pts.  palladium  is  used  by  dentists. 

An  alloy  of  equal  pts.  palladium  and  t i n is  somewhat  softer  Liian  wrought  iron,  and 
has  a fine-grained  texture  (Chenevix).  When  palladium  is  fused  at  a red  heat  with 
six  times  its  weight  of  tin,  and  the  resulting  mass  is  treated  with  hydrochloric  acid, 
there  remains  an  alloy  ha>’ing  the  composition  rd*8n*,  ciy*stalliscd  in  slender  shining 
laminae.  Similar  alloys  of  pi^adium  with  silver  and  with  copper  are  obtained  in  like 
manner.  (Deville  and  Uebray), 

Palladium  dissolves  in  melted  zinc,  but  does  not  unite  with  it  in  definite  proportions; 
on  treating  the  rtMtulting  alloy  with  hydrochloric  acid,  pure  palladium  remains  uudis- 
solved.  (Deville  and  Debray.) 

>AIilillT>ItrM»  BKOimDJB  OF«  Palladium  dissolved  in  a mixture  of  nitric 
and  bydrobrumic  acids,  yields  on  evaporation  a chestnut-brown  wingH  insoluble  in  water, 
but  soluble  in  aqueous  hydrubrumic  acid,  and  forming  dark  brown  double  salts  with 
the  bromides  of  potassium,  mauganese  and  zinc.  (Bonsdorif,  Pogg.  Ann.  xix.  347-.) 

FAX^BAPyOTg,  CABBZBS  OF.  PaUudium  fused  in  a crucible  filled  with  lam|>- 
black  becomes  so  brittle,  that  if  struck  w*ith  a hammer  while  red-hot,  it  falls  to  powder 
and  gives  ofif  a white  fume,  liespecting  the  formation  of  palladium-carbide  in  an 
alcohoi-fiame,  see  below. 

FAXXtABZUaC,  CB&OBXBEB  OF.  The  dicMoridc  or  Palladioua  chloride. 
Pd^CP,  is  prepared  by  dissolving  palladium  in  hydrochloric  acid  to  which  a little  nitric 
acid  is  added,  and  evaporating  the  solution  to  diyness,  to  expel  the  excess  of  acid.  The 
compound  is  a mass  of  a dark  brown  colour,  which  becomes  black  when  made  anhydrous 
by  heat,  and  may  be  fused  in  a glass  vessel.  When  heated  in  platinum  vessels,  it 
becomes  contaminated  with  the  chloride  of  that  mutab  When  di^lved  with  chiunde 
of  potastium,  it  forms  a double  salt,  K^Pd"Cl*,  w hich  is  soluble  in  cold,  and  considerably 
more  so  in  hot  water,  and  crystallises  in  four-sided  prisms  of  a dull  yellow  colour. 
Dicbloride  of  i)aUudium  also  forms  double  salts  wiiu  the  chlorides  of  ammonium, 
sodium,  and  several  other  metals. 

The  tetrachloride  or  l*alladic  chloride^  Pd'*CI\  is  obtained  in  solution  when 
the  dichloride  is  dissolved  in  concentrated  nitromuriatic  acid,  and  the  solution  is  only 
slightly  heated.  Its  solution  is  of  so  dark  a colour  as  to  appear  black,  and  gives  a red 
precipitate  with  chloride  of  potassium.  When  the  solution  is  diluted  or  heated,  chlo- 
rine gas  is  GvulvtHl,  and  dic^oride  of  palladium  reproduced.  The  double  salt  of  this 
chloride  and  chloride  of  potassium  is  obtained  by  treating  potassio-palladiuus  chlorido 
in  fine  powder  with  nitromuriatic  acid,  and  eva|Hjratiog  the  supernatant  liquid  to  dry- 
ness. It  forms  a cinnabar-red  powder,  in  which  octahedral  crystals  can  be  perceived, 
both  the  palladic  and  palladious  double  chlorides  being  isomurphoos  with  the  cor- 
responding compounds  of  platinum.  When  treated  with  hot  water,  this  double  salt 
emits  chlorine,  and  is  in  a great  measure  decomposed. 

FAXiltABXXyaK,  CTAJrXBSB  OF.  Palladium  forms  two  cyanides  analogous  to 
the  chlorides  (see  C'yamdbs,  ii.  260). 

FAXXkABXOM,  OBTSCXXOIT  AITO  B8TXKATZOV  OF.  1.  Beaction4. 
•^Nearly  all  palladium-compounds  are  decomposed  b)  heat,  leuving  metallic  palkdium: 
which  may  be  distinguished  from  platinum  by  its  solubility  in  nitric  acid,  by  its  reac- 
tion with  tincture  of  iodine  (p.  328^,  or  by  its  behaviour  iu  an  alcohol-Uame.  If  held 
in  the  inner  flame  of  a spirit-lamp,  it  unites  with  carbon,  without  first  being  heated  to 
redness  ; and  if  then  quickly  removed  from  the  flume,  it  glows  vividly  iu  the  air  till 
ail  the  carbon  is  burnt  away  and  pure  palladium  is  letl:  this  reaction  is  exhibited 
most  conspicuously  by  finely -dividiHl  p^udium  which  has  been  closely  compressed : 
spongy  platinum  docs  not  exhibit  it  at  alL 

l*alladiou8  ialta  are  for  the  most  part  brown  or  red,;  their  taste  is  astringent, 
but  net  metallic.  The  metal  is  precipitated  from  the  solutions  of  palladious  salts  by 
phosphorus,  by  sulphurous  acid,  by  nitrite  of  potassium,  by  all  the  metals  which 
reduce  silver,  by  Jormutc  of  potassium,  and  by  alcohol  at  a boiling  heat.  SSulphydric 
acid  and  sulphide  of  ammonium  throw  down  the  brown  sulphide  of  palladium,  insoluble 
in  the  latter  reagenU  Hydriodic  acid  and  iodide  of  potassium  tmrow  down  a black 
precipitate  of  iodide  of  palladium,  visible  even  to  the  50O,0U0th  degree  of  dilution.  This 
reaction  serves  for  the  separation  of  iodine  from  bromine : foralJ^ine  bromides  do  nut 
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precipiUte  paUadiotu  snlts.  Potanh  or  soda  fomiB  a brown  precipiute  of  a basic  salt, 
soluble,  with  the  aid  of  heat,  in  excess  of  the  reagent.  Ammonia  produces  no  precipitate 
in  a solution  of  palladious  nitrate ; but  from  a solution  of  the  chloride,  it  throws  down 
a Hesli-coloured  precipitate  of  ammonio-chloride  of  palladium,  soluble  in  excess  of 
ammonia.  The  carbonatts  of  potassium  and  sodium  form  a brown  precipitate  of 
hydrated  palladious  oxide.  Carbonate  of  ammonium  acts  like  ammonia.  PhosphaU 
of  sodium  forms  a brown  precipitate.  Frrrocyanide  and  ftrricyanide  of  potassium  form 
no  precipitate,  but  the  liquid  after  a while  coagulates  into  a jelly.  Cyanide  of  mrrvury 
throws  down  u white  precipitate  of  cyanide  oi  pailladium.  Stannous  chloride  forms  a 
black  precipitate  which  dissolves  with  intense  green  colour  in  hydrochloric  acid. 
Ferrous  sutphtite  precipitates  palladium  slowly  from  the  nitrate,  but  not  from  the 
chloride.  The  reactions  of  palladium  with  sulphydric  acid,  cyanide  of  mercury,  and 
iodide  of  potassium  taken  together,  serve  to  distinguish  it  from  all  other  metals. 

Palladio  salts  are  very  unstable,  being  easily  reduced  to  palladious  salts  by  heat, 
and  by  reducing  agents : hence  their  reactions  are  scarcely  known.  The  dark  brown 
solution  of  the  tetrachloride  is  easily  distinguished  from  the  similarly  coloured  solu- 
tions of  tetrachloride  of  platinum  or  iridium  by  its  property  of  giving  off  chlorine 
when  heated  and  leaving  tne  dichloride. 

Estimation  and  Separation  of  Palladium. — Palladium  is  always  estimated 
in  the  metallic  state.  It  is  precipitated  from  its  solutions  in  the  form  of  cyanide  by  a 
solution  of  cyanide  of  mercury,  the  liquid  not  containing  any  excess  of  acid.  The 
pri'cipitRted  cyanide  is  then  reduced  to  the  metallic  state  by  calcination. 

Palladium  may  be  separated  from  nearly  all  other  metals,  either  by  precipitation 
with  cyanide  of  mercury  or  with  sulphydric  acid,  or  by  the  solubility  of  its  oxide  in 
ammonia.  If  however  the  solution  contains  alcohol,  gold,  platinum  and  some  other 
metals  may  be  precipitated  at  the  same  time.  Palladium  cannot  be  separated  from 
platinum  by  nitric  acid:  for  an  alloy  of  palladium  with  a small  quantity  of  platinum 
is  completely  dissolved  by  that  acid. 

To  separate  palladium  from  copper,  with  which  it  is  associated  in  platinum-ore,  the 
two  metals  are  precipitated  together  by  sulphydric  acid,  and  the  precipitate,  while 
still  moist,  is  roasted,  t<^ethcr  with  the  platinum,  as  long  as  sulphurous  anhydride 
continues  to  escape.  The  metals  are  thereby  converted  into  basic  sulphates,  which 
must  be  dissolved  in  hydrochloric  acid,  and  the  solution  mixed  with  nitric  acid  and 
chloride  of  potassium,  and  evaporated  to  dryness.  A dark  saline  mass  is  thus 
obtained,  consisting  of  chloride  of  potassium,  chloride  of  copper  and  potassium,  and 
chloride  of  palladium  and  potassium ; and  on  treating  this  mass  with  iilc*ohol  of  specific 
gravity  0*833,  the  two  former  salts  are  dissolved  and  the  double  chloride  of  palladium 
and  potassium  remains  (Berzelius).  According  toDobereiner,  copper  may  be  sepa- 
rau*a  from  palladium  by  reducing  the  latter  metul  with  an  alkaline  formate. 

Atomic  Wtiyht  of  Palladium. — Berzelius  (Fogg.  Ann.  xiii.  435)  determined  the 
atomic  weight  of  this  metal  in  the  same  manner  as  that  of  iridium  (iii.  321)  by 
reducing  potassio-palladious  chloride,  2KCl.Pd"Cl*,  in  a current  of  hydrogen.  As 
this  salt  cannot  be  dried  without  partial  decomposition,  the  mixture  of  chloride  of 
potassium  and  metallic  palladium  left  after  the  ignition  was  weight'd,  as  was  also  the 
palladium  left  after  dissolving  out  the  chloride  of  potassium  with  water.  In  one 
experiment,  0 575  grm.  palladium  were  obtained  to  0*809  grm.  potassium-chloride, 
in  another,  0*851  grm.  palladium  to  1*192  potassium-chloride.  If  KCl  = 74*5, 
the  mean  of  these  experiments  gives  Pd  126*26  or  nearly  126. 

rAXiLAnzOK,  r&VOSZSB  or.  Pd'T^.— Formed  as  a brown  precipiUte  on 
adding  hydrofluoric  arid  to  a concentrated  solution  of  palladious  nitrate.  On  evapo- 
rating to  dryness,  there  remains  a brown  earthy  mass,  only  u small  portion  of  which  is 
dissolved  by  water.  It  is  not  altered  by  ignition,  is  sparingly  soluble  in  hydrofluoric 
acid,  and  dissolves  very  slowly  in  caustic  ammonia,  forming  a colourless  liquid,  which 
may  be  evaporated  by  heat,  and  ultimately  deposits  fluoride  of  palladium  as  a colour- 
less crystalline  salt,  which  may  be  heated  to  without  decomposition,  but  decom- 
poses at  a higher  temperature,  leaving  a grey-brown  powder. 

Arnmonio-palladious  Jiuoride  is  ohtainea  as  a brown  radiate  mass  by  dissolving  pal- 
Ladioos  fluoride  in  boiling  aqueous  ammonia,  and  evaporating. 

Potassio-palladious  Jluoridc  is  precipitated  on  mixing  palls^ous  nitrate  with  fluoride 
of  potassium,  as  a light  yellow  powder  sparingly  soluble  in  water. 

Sodio-paUadious  fiuorids  is  obUined  in  like  manner  and  possesses  similar  properties. 

ZOBZSB  OF.  Pd"P. — Palladitun-foil  tarns  black  when  an  alco- 
holic solution  of  iodine  is  evaporated  to  dryness  upon  it;  this  reaction  distinguishes 
palladium  from  platinum,  which  remains  bright  when  thus  treated  (Berzelius). 
Similarly,  palladium-foil  heated  in  iodine  vapour  becomes  covered  with  colonn>d  films, 
and  afterwords  turns  brown ; the  application  of  heat  or  treatment  with  ammonia  restores 
its  brightucas.  Iodine  heated  in  a gbios  tube  with  finely-divided  (tallodiuni,  combines 
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but  imperfectly  with  it ; and  again,  when  pelIadium»foil  is  boiled  with  iodine  and  water, 
or  with  hydriodic  acid  and  nitric  acid,  part  of  it  remains  unaltered  fLassaigne.) 

Iodide  of  palladium  is  obtained  in  the  form  of  a black,  tasteless,  and  inodorous  mass, 
by  precipitating  a palladious  salt  with  iodide  of  palladium,  washing  with  boiling  water, 
and  drying  the  black  gelatinous  flakes  for  24  hours  in  vacuo  (Lassaigne,  J.  Chun.  med. 
xi.  67).  It  gives  ofl  its  iodine  between  SOU'’  and  360''.  Boiling  potash  decomposes  it 
with  separation  of  a black  powder  consisting  of  palladious  oxide.  It  is  insoluble  in 
water,  ^cohol,  ether,  and  aqueous  hydriodic  acid  (thereby  distinguished  from  platinum) 
(Lassaigne).  This  compound  serves  for  the  quantitative  estimation  of  iodine  (iii.  296). 

03KZ1»8  07.  The  protoxide  or  Palladious  oxidcj  Pd"0, 
is  obtained  in  the  anhydrous  state  by  decomposing  nitrate  of  palladium  at  a moderate 
heat,  or  by  heating  a palladious  salt  with  carbonate  of  potassium  to  commencing  red- 
ness,  and  exhausting  the  residue  with  water.  It  is  a dark  grey  or  black  powder, 
sparingly  soluble  in  acids,  and  is  reduced  to  the  metallic  state  at  a bright  red  heat. 

palladious  hydrate  is  obtained  as  a dark  brown  precipitate  by  mixing  the  solution 
of  a palladious  salt  with  excess  of  potassic  or  sodic  carbonate.  It  gives  off  its  water  at 
a moderate  red  heat.  It  is  easily  soluble  in  acids. 

The  dioxide  or  Palladio  oxide,  Pd'*0*  is  nut  known  in  the  separate  state.  From 
a solution  of  palladic  chloride  alkalis  and  alkaline  carbonates  throw  down  a brown 
precipitate  consisting  ofhydratod  palladic  oxide  combined  with  the  alkali.  This  com- 
pound gives  off  half  its  oxygen  at  a moderate  heat,  and  the  whole  at  a higher  tempera- 
ture. From  hot  solutions,  a black  precipitate  is  obtained  containing  the  anhydrous 
dioxide.  The  hydrate  dissolves  slowly  in  acid^  forming  yellow  solutions.  In  strong 
hydrochloric  acid  it  dissolves  without  decomposiiiun,  ioTtain^  potassio-palladic  chloride 
arising  from  admixed  potash;  with  dilute  hydrochloric  acid,  on  the  contrary,  it  gives 
off  chlorine. 

7JLUABXOTC,  8SX.2VXBB  OF.  Pd"Se.— The  two  bodies  unite  easily,  the 
combination  being  attended  with  evolution  of  heat.  The  product  is  a grey,  infusible 
compound,  which  when  heated  in  the  blowpipe  flame,  gives  off  selenium,  and  leaves  a 
greyish-white,  brittle,  ciystalline,  metallic  bead  containing  selenium.  (Berzelius.) 

FAltXiABXUBg,  BUXtFBXBX  OF.  Pd"i:5.-— Palladium  and  sulphur  heated 

together  unite,  with  incandescence,  forming  a bluish-white,  metallic-shiniug,  very 
hard  compound,  haring  a shining  laminated  fracture,  and  melting  at  the  same  tempe- 
rature as  silver.  By  precipitating  a palladium-salt  with  sulphydnc  acid  or  an  alkaline 
sulphide,  sulphide  of  palladium  is  obtaiu(*d  as  a black  powder,  haring  a bluish  tinge 
ana  semi-metallic  lustre.  Sulphide  of  palladium  heated  to  redm>ss  in  the  air  oxidisea 
very  slowly,  forming  a basic  sulphate  or  oxysulphate  of  palladium.  Heated  in  a 
stream  of  chlorine  gus,  it  forms  chloride  of  sulphur  and  dichloride  of  palladium. 

m.  AUMOBZACaX.  (Vanquelin,  Ann.  Chim. 

Ixxxriii  167. — Fischer,  Schw.  J.  li.  192. — Ann.  Ch.  Pharm.  Ixiv.  260. — 
Fehling,  ibid,  xxxix.  116. — Hugo  Muller,  ibid,  Ixxxri.  341.) — a.  A moderately 
concentrated  solution  of  dicbloride  of  palladium  treated  with  a slight  excess  of 
ammonia,  yields  a beautiful  flesh-colour^  or  rose-coloured  precipitate,  consisting  of 
N*H*Pd''CP  (Vauquolin,  Fehling,  Fischer).  This  precipitate  dissolves  in  a 
larger  excess  of  ammonia;  and  the  ammoniacal  solution,  when  treated  with  acids, 
yields  a yellow  precipitate  haring  the  same  composition  (Fehling,  Fischer). 
This  yellow  moihflcation  is  likewise  obtained  by  heating  the  red  compound  in  the 
moist  state  to  100’,  or  in  the  dry  state  to  200’.  The  yellow  compound  dissolves 
abundantly  in  aqueous  potash,  forming  a yellow  solution,  but  without  giving  off  am- 
monia, even  whim  the  liquid  is  heated  to  the  boiling  point ; the  red  compound  behaves 
in  a similar  manner,  but,  before  dissolving,  is  converted  into  the  yellow  modification. 
For  this  reason,  Hugo  Miiller  regards  the  red  compound  as  ammonio-ehlorieU  of 
palladium,  2NH*  Pd"Cl‘,  and  the  yellow  os  chloride  of^ladammonium,  N*H*Pd".Cl*. 
The  yellow  compound,  digested  with  water  and  oxide  of  silver,  yields  the  oxide  of 
palladammonium,  qt  palladamine,  N’H*Pd"0.  This  compound  is  a strong  base, 
analogous  to  oxide  of  platammonium  (9.  v.).  It  is  soluble  in  water,  to  which  it  com- 
municates a strong  alkaline  taste  and  reaction.  By  evaporating  the  solution  in  vacuo, 
the  base  is  obtained  in  the  form  of  a crystalline  mass,  which  abeotbs  carbonic  sad 
rapidly  from  the  air,  esp^ially  when  moist.  It  unites  with  adds,  forming  definite 
ealta.  Its  solution  precipitates  the  salts  of  silver  and  copper,  and  an  excess  of  it  does 
not  rtdissolve  the  precipitates.  Sulphite  of  palladammonium^  N*H*Pd"BO*,  is 
formed  by  saturating  the  solution  of  the  oxide  with  sulphurous  acid,  or  by  the  action 
of  that  acid  on  the  yellow  chlorine-compound:  it  c^stallisos  in  orange-yellow 
octahedrons.  The  sulphate,  N^H*Pd".SO*,  ciystallises  in  a similar  manner.  Tlie 
nitrate,  iodide,  and  bromide  liavo  also  been  formed.  The  fuoride  is  obtained  by 
adding  the  chloride  to  a solution  of  fluoride  of  silver.  (H.  Muller.) 
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The  compound  4NH*.Pd*Cl*  (called  by  Miiller,  ehloridt  oj  jKdlad-diam%ne\  vhich 
H«  < V* 

may  be  formulated  as  a chloronitride  ^ cMoridt  of  ammopalladammoniumf 


) 

Pd"  >N*.C1*,  separates  from  the  ammoniacal  solution  of  chloride  of  palladammonium, 

in  colourless,  oblique  rhombic  prisms,  which  at  200^  giye  off  half  their  ammonia  aud 
are  reduced  to  ^*H*Pd"CP  (Fehling).  The  corresponding  iodide  and  bromide  are 
likewise  obtaiined  treating  the  solutions  of  iodide  and  bromide  of  palladium  ^or 
palludammonium  with  ammonia.  They  both  crystallise  readily.  The  Jiuoride  is 
obtained  by  adding  ammonia  to  the  solution  of  chloride  of  palladamroonium  in  fluoride 
of , silver,  and  evaporating:  it  forms  oblique  rhombic  prisms.  Tha  eilico-Jiuoride  iB 
obtained  in  crystalline  scales  on  adding  hydrofluosilicic  acid  to  any  soluble  salt  of 

'I  H'*  / N* 

palladammonium.  The  (Wridr  N*H'*Pd*0*  ■=  Pd“{0  ^ 

solution  of  the  chloride  with  oxide  of  silver, — or  Letter,  the  sulphate  with  hydrate  of 
barium.  A strongly  alkaline  solution  is  thereby  furmed,  which,  on  evaporation, 
leaves  the  hydrated  oxide  in  the  form  of  a ciy  stalline  mass,  though  not  quite  pure. 
The  solution  precipitates  the  salts  of  aluminium,  iron,  cobalt,  nickel,  and  cupper,  but 
not  those  of  silver;  expels  ammonia  from  chloride  of  ammonium,  on  boiling;  and 
absorbs  carbonic  acid  ih>m  the  air.  The  carbonaU  obtained  in  this  manner,  or  by 
decomposing  the  chloride  with  carbonate  of  silver,  or  the  sulphate  with  carbonate  of 
barium,  crystallises  in  shining,  colourless  prisms,  which  turn  yellow  at  a little  above 
lOO'^;  the  solution  of  this  salt  is  strongly  alkaline,  and  gives  copious  predpitates  with 

Hu 

salts  of  calcium,  barium,  copper,  and  silver.  The  tulphite^  Pd"  y obtained  by  direct 

(SO)- 

combination  or  by  the  action  of  ammonia  on  sulphite  of  palladammonium,  forms  small 
prismatic  crystal^  sparingly  soluble  in  water,  insoluble  in  alcohol,  and  turning  yellow 
at  about  392'^.  The  sulpiMU^  obtained  by  treating  palladious  sulphate  with  excess  of 
ammonia,  forms  small  colourless  prisms,  easily  soluble  m water,  but  insoluble  in 
alcohoL  (Hugo  Muller.) 


m * T.T. m. ’isTTTaw-w a awa,  o&OAJTZC.  (Hugo  Muller,  loc.  cit.) — a.  Ethyl- 
compounds.  When  eUiylamino  is  added  to  a solution  of  palladious  chloride,  a yellow 
precipitate  is  formed  containing  (C^H*N)*.Pd''CP.  It  dissolves  in  etbylamine,  forming 
a culourless  solution,  which  on  a^ditiou  of  hydrochloric  acid  yields  a pale  yellow  pre* 
dpitate,  afterwards  becoming  dark  yellow  and  crystalline:  this  precipitate  is  meta* 
meric  with  the  preceding,  and  appears  to  consist  of  chloride  of  palladethylam- 

monium  Pd"  A solution  of  this  yellow  salt  in  excess  of  etbylamine  de- 

) 

posits  colourless  pnsms  of  the  salt  Pd"  or  Pd" 

n\cm*syi  u* 

When  the  chloride  of  palladammonium  (p.  328)  is  treated  with  aqueous  etbylamine 
it  quickly  becomes  decolorised  and  dissolves  on  gentle  heating,  to  a colourless  liquid, 

whichon  cooling  deposits  colourless  crystals  of  the  salt  Pd'  ^N*C1*  or  Pd 

H*  J H>* 

Hiiller’s  chloride  of  paladethyldiamine. 

Phenyl-compound. — On  adding  aniline  suspended  in  water  to  a solution  of 
palladious  chloride,  a pale  yellow  crystalline  precipitate,  insoluble  iu  excess  of  aniline, 
IS  formed,  probably  consisting  of  chloride  of  palladio^phenylammonium, 
H\C*H*)*Pd‘’^»*.CP.  The  corresponding  iodine*compouud  is  obtainiKl  as  a yellow 
crystalline  powder  on  mixing  finely  divid^  iodide  of  palladium  with  aniline  suspended 
in  water. 


VAXiMZC  ACn,  Syn.  with  Bicxxslaidic  Acin. 

VA&MZar.  Syn.  with  Ricinelaidik. 

VAXMCXTAMlBli.  C‘H“NO  - | N.  (H.  Car  let.  Bull.  Soc.  Chim. 

1859,  p.  175.) — This  compound  is  obtained  by  heating  palmitate  of  ethyl  with  alcoholic 
ammonia  for  twenty  to  twenty-five  days  in  a sealed  tube  immersed  in  a salt-bath,  and  is 
purified  by  re-crystallisation  ^m  hot  ^cohol,  and  repeated  washing  with  cold  ether.  It 
melts  (or  solidifies)  at  101*5^.  By  heating  in  a sealed  tube  with  alcoholic  potash,  it 
is  lesolved  into  palmitic  acid  (solidifying  at  59*5^)  and  ammonia. 
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PALMITIC  ACID.  Sai 


The  margaramide  which  BouUay  obUuned  by  the  iu:tion  of  ammonift  on  oUt6k>U 
probably  consleted  chiefly  of  oleamide  (p.  192). 

VAZMTTXO  ACZ1>.  C'*H"0*  = Cttylic  acid.  Ethalie  acid. 

Olidic  acid.  (ChcTreol*  Rcchcrchcs  sur  Us  corps  gras,  p.  69. — Dumas  and  Stas, 
Add.  Ch.  Phy».  [2]  buuii.  113. — Varrentrapp,  Ann.  Ch.  Pharm.  xxxv.  209. — 
Premy,  ibid,  xxxvi.  44. — Stenhouse,  ibid,  xxxri.  60. — L.  Smith,  ibid.  xHi.  241. — 
Sthamer  and  Meyer,  xHii.  336. — H.  Sch wars,  lx.  69. — Heintz,  see 
references  already  given  iiL  1069. — v.  Bock,  J.  pr.  Chem.  xlix.  295. — Bert  helot, 
Ann.  Ch.  Phys.  [3]  xli.  216,  432;  xlvii.  297. — Maskelyne,  Chem.  Soc.  Qu.  J.  viii.  1. 
— Gm,  xvi.  350. — Gerh.  ii.  795.) 

This  acid  is  universally  distributed  in  the  fats  of  the  animal  and  vegetable  kingdoms. 
It  occurs:  a.  Combined  with  glycerin,  in  large  quantities,  in  palm-oil  (F  re  my);  in 
Chinese  tallow,  the  fat  of  s<5t/Vra  (Maskelyne);  inJapan  wax  (St  ham  er); 

in  the  wax  of  Myrica  sebifera  (Moores). — /3.  Combined  with  ethal,  in  sp^^rmaerti 
(L.  Smith). — 7.  In  the  meUssin  of  becs-wax,  aspalmitate  of  melissyl,  C'*H*'(C*H*')0* 
(Brodie). — 3.  In  the  free  state  in  partially  decomposed  fats,  especially  in  palm>oiL 

Chevreul’s  margaric  acid,  which,  as  already  observed  (iii.  852),  is  a mixture  of  palmitic 
acid  with  lU  per  cent,  stearic  acid,  is  formed  in  large  quantities  in  tlie  saponification 
of  spermaceti,  of  human,  jaguar,  and  gouse>fats,  and  of  dolphin  and  train  oils  ; in  small 
quantity,  together  with  much  stearic  acid,  by  the  saponification  of  butter,  hog's  lord, 
beef’suet,  and  mutton^suet.  The  other  varieties  of  the  so-called  margaric  acid  also  con- 
sist of  palmitic  acid  more  or  less  pure : hence,  nmny  of  the  older  ob^rvations  relating 
to  margaric  acid  really  apply  to  (^mitic  acid. 

Formation. — 1.  By  the  saponification  of  palmitin,  spermaceti,  and  melissin. — 2.  By 
heating  ethal  (cetylic  hydrate)  with  potash-lime  (Dumas  and  Stas) : 

C'*H«0  + KHO  « C'*H«KO*  + H*. 

Hydiate  of  Paliniute  of 

evtyi.  poUctium. 


3.  Together  with  acetic  acid,  by  melting  oleic  acid  (Varrentrapp),  or  elaXdic  acid 
(Meyer),  with  potaosic  hydrate : 

C'*H«0»  ■¥  2KH0  » C'"H>'KO*  + C»H*KO*  + H*. 

Oleic  acid.  Paltniiair  of  Acetate  of 

pota»»ium.  poiatiium. 


Oleic  acid  appears  also  to  be  converted  into  palmitic  acid  when  fats  or  fatty  substances 
are  left  for  along  time  in  moist  earth,  or  in  other  moist  situations  excluded  from  the 
air,  the  fat  then  becoming  harder  and  more  brittle.  When  castor-oil  is  distilled  with, 
excess  of  alkali  (Hi.  144),  there  remains  in  the  residue,  tc^ther  with  sebacic  acid,  an  oily 
acid  which  on  standing  de{>usits  u large  quantity  of  solid  fat  having  the  melting  point 
and  composition  of  palmitic  acid. 

4.  Together  with  cetylene,  by  the  dry  distillation  of  cetylic  palmitato  (cetin) 
(L.  Smith): 

C-U«0(o  _ C-H"Oly 

C‘*II”  > H . 

Ceiio.  Palmitic  add.  Cetylene. 


Preparation,  a.  From  Palm-oil  is  saponified  with  caustic  potash ; the 

soap  thus  obtained  is  decomposed,  and  the  sepamted  fatty  acid  is  purifiea  by  crystal- 
lisation from  alcohol  (Fr6my).  Stenhouse  dissolves  the  six  or  eight  times  crystal- 
lised acid  in  caustic  potash,  and  precipitates  it  with  an  acid.  Schwarz  saponifies 
palm-oil  w'ith  canstic  potash,  dissolves  the  soap  in  hot  alcohol,  allows  the  solution  to 
cool,  and  purifies  the  crystalline  nodules  which  separate,  by  repeated  crystallisation 
from  alcohol,  with  aid  of  animal  charcoal.  The  cr}*stals,  when  decomposed  by  hydro- 
chloric acid,  yield  palmitic  acid,  whicli  must  again  be  crystallised  from  alcohol. 

From  Japan  }Vax. — The  wax  is  saponified  by  fusing  it  with  half  its  weight  of 
hydrate  of  potassium,  and  the  soap  is  dissolved  in  water  and  snlti'd  out  The  soda- 
soap  thus  formed  is  dissolved  in  warm  water  and  allowed  to  cool ; it  is  then  pressed, 
Again  dissolved  in  water,  and  the  solution  is  heated  to  the  boiling  point,  and  decom- 
posed with  chloride  of  calcium.  The  lime-soap,  after  being  washed  and  dried,  is  freed 
from  unsaponified  wax  by  means  of  ether,  and  decomposed  by  hydrochloric  acid.  The 
separated  fatty  acid  is  crystallised,  first  from  alcohol,  oftcrwaids  from  a mixture  of 
alcohol  and  ether,  and  is  lastly  washed  with  cold  alcohol.  (Sthamer.) 

7.  From  Chinese  IFilz. — The  wax  is  saponified  with  alcoholic  potash  ; the  alcohol 
is  distilled  off,  after  addition  of  wati>r,  and  the  soap  is  decomposed  with  sulphuric  acid. 
The  separated  fatty  acid  is  then  strongly  pressed,  and  the  press-cake  is  moistened  with 
alcohol,  and  again  pressed  several  times.  The  remaining  mass  is  crystallised  from  hot 
alcohol  until  it  exhibits  the  melting  point  of  palmitic  aci<i  (Maskelyne.) 

3.  From  Coffee-beans. — The  powdered  besjis  are  extract^  with  ether  containing 
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water,  and  the  ether  ia  eraporated ; the  remaining  yellow  bitter  fat  is  freed  from  the 
various  acids  of  coffee,  and  from  caffeine,  by  shying  it  repeatedly  with  one<fifth  its 
volume  of  water  and  drawing  off  the  aqueous  layer  of  liquid,  and  is  afterwards  saponi- 
fied with  caustic  potash.  The  soap  is  salted  out,  dissolved  iu  water,  and  decomposed 
by  dilute  sulphuric  acid ; and  the  mixture  of  oleic  and  palmitic  acids  is  converted 
into  lead-salts  by  boiling  the  acids  with  carbonate  of  sodium,  dissolving  the  soda-soap 
in  alcohol,  and  precipitating  with  neutral  acetate  of  load.  The  lead-salts  are  boiled 
with  alcohol,  which  dissolves  them  completely ; but  on  cooling  and  partly  evaporating 
the  solution,  the  palmitate  of  lead  separates  in  the  form  of  a white  powder,  whilst 
the  oleate  remains  in  solution.  The  former  is  collected,  washed  with  alcohol  containing 
water,  and  decomposed  by  sulphydric  acid  under  etber-alcohoL  The  palmitic  acid 
remaining  behind,  when  the  filtrate  is  evaporated,  is  obtained  with  a melting  point 
of  58*6^  by  five  times  repeated  crystallisation.  (Rochleder,  Ann.  Ch.  Pharm. 
vii.  228.) 

c.  From  Oleic  acid. — Oleic  acid  is  saponified  by  a alight  excess  of  hydrate  of  po- 
tassium, with  addition  of  a little  water ; a quantity  of  hy^te  of  potassium,  equal  to 
twice  the  weight  of  the  oleic  add  is  then  added;  and  the  mixture  is  heated,  with  con- 
stant stirring,  until  the  potash  is  melted,  too  great  a heat  being  prevented  by  the 
occasional  addition  of  a few  drops  of  water,  so  that  the  mass  may  not  blacken,  but  only 
assume  a brown-yellow  colour.  As  soon  as  the  potash  is  melted,  and  bydre^vn  is 
evolved,  the  fire  is  removed,  and  the  mass  is  thrown  into  not  too  large  a quantity  of 
water,  when  the  soap  which  has  been  formed  separates  and  fioats  on  the  suHace.  The 
soap  is  removed,  dissolved  several  times  in  water,  and  salted  out,  and  afterwards  de- 
composed by  dilute  hydrochloric  acid : the  palmitic  acid  thus  separated  is  purified  by 
crystallisation  from  alcohol.  (Varrentrapp.) 

From  Ethal. — Ethal,  mixed  with  five  or  six  parts  of  potash-lime,  is  heated  to  210^ 
— 220®  (263® — 276®,  according  to  Heintx),  in  a metal-bath  for  five  or  six  hours,  or 
BO  long  as  hydro^n  is  evolved ; the  residue  is  suspended  in  water ; and  an  excess  of 
hydro&loric  acid  is  added,  whereby  the  palmitic  acid  is  separated  in  white  flocks. 
After  allowing  the  mixture  to  boil,  the  acid  is  washed,  then  boiled  for  half  an  hour 
with  excess  of  hydrate  of  barium,  and  evaporated  to  dryness.  The  ethal  remaining 
undecomposed  is  taken  up  by  ether ; the  residue  is  decomposed  by  hot  hydrochloric 
acid ; ana  the  separated  acid  is  washed  and  dissolved  in  ether,  to  remove  traces  of 
undocomposed  b^ium-salt  (Dumas  and  Btas).  The  palmitic  acid  thus  obtained 
still  requires  to  be  fret'd  from  stearic,  myristic,  and  launc  acids,  which  are  produced 
at  the  same  time.  (Heintx.) 

The  fatty  acids  obtained  by  saponifying  fats,  or  by  heating  with  potash-lime,  and 
decomposing  the  soaps  (and  freM  from  oleic  acid  by  the  method  alreaay  described,  iii. 
474),  admit  of  separation  into  two  distinct  portions — inasmuch  as  when  they  are 
dissolved  in  hot  mcobol,  a mixture  of  the  more  difficultly  fusible  acids  containing  a 
high  percentage  of  carbon,  especially  palmitic,  stearic,  and  likewise  araebidte  acid,  if 
present,  crystallises  out  on  cooling ; — and  by  pressing  the  crystals,  moistening  with 
alcohol,  and  a^n  pressing,  they  may  be  obtained  separately,  while  a smaller  portion 
of  the  same  acids,  together  with  the  more  easily  fusible  myristic  and  lauric  acids,  re- 
mains in  Bolution,  and  may  be  separated  by  methods  already  described  (iii.  474, 
1070). 

When  the  fets  contain  no  acids  with  a higher  percentage  of  carbon  than  palmitic  acid, 
and  more  especially  no  stearic  or  arachidic  acid,  or  only  smull  quantities  thereof,  they  may 
be  crystallised  from  alcohol  until  the  crystals  melt  at  62®,  and  are  then  to  be  examined 
as  to  theirpurity  by  the  method  given  at  p.  1070,  vol.  iii.  In  the  contrary  case,  the  whole 
of  the  acids  are  dissolved  in  such  a Quantity  of  alcohol,  that  nothing  c^tallises  out  on 
cooling ; the  solution  is  precipitatea  two  or  three  times  with  a quantity  of  acetate  of 
magnesinm  equal  to  about  Ath  of  the  fatty  acids;  and  the  successive  precipitates 
are  separated  by  filtering  and  pressing.  These  precipitates  contain  the  whole  of  the 
stearic  acid,  provided  the  fat  does  not  contain  too  laige  a quantity  of  it,  together 
with  a relativdy  small  quantity  of  palmitic  acid.  The  mother-liquors,  diluted  with  a 
large  quantity  of  hot  water,  and  left  to  cool,  deposit  the  palmitic  acid,  which  is  col- 
lected, examined  as  to  its  purity,  and  purified  eimer  by  recrystallisation  from  alcohol, 
or  by  again  precipitating  it  with  small  portions  of  acetate  of  magnesium  (Heints) 
In  a latw  process  Heintz  precipitates  the  sodium-salt,  instead  of  the  alcoholic  acid, 
with  acetate  of  magnesium,  in  the  manner  above  describod. 

For  the  older  methods  of  preparation,  whereby  the  so-called  margaric  acid  was 
obtained,  together  with  stearic  and  oleic  acids,  see  Gmelin'$  Uandbo^,  xvi.  365. 

Propertiec. — Palmitic  acid  is  a colourless  solid  body  without  taste  or  smell,  lighter 
than  water.  It  is  insoluble  in  water,  but  dissolve's  abundantly  in  l>oiIiDg  aleohoJ  or 
ether.  The  solutions  are  acid,  and  when  concentrated,  solidify  in  a mass  on  cooling. 
When  dilute  they  yield  the  add  in  tufts  of  slender  needles.  It  melts  at  62°,  and 
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BolidifiAS  on  cooling  in  a mass  of  shining  nacreous  laminsD.  According  to  Fr^my, 
palmitic  acid  which  has  been  heated  to  250^,  crystallises  from  alcohol  in  'small  very 
Lird  crystals. 

Palmitic  acid  may  be  melted  together  with  laurie  and  myrUtic  acid^.  In  certain 
proportions  the  mixtures  are  not  separable  by  crystallisation  from  alcohol  or  ether : 
they  exhibit  the  following  characters  on  melting  and  solidifying  (Heintz): 


A mUturs  of— 

Malt!  at 

Mode  of  SoUdif/lQg. 

pAlmlUe  add. 

L«urle  arid. 

10 

90 

41 -so 

Unciystallised. 

20 

80 

371° 

Finely  crystallised,  indistinct. 

30 

70 

38-3° 

SmaU-leave<l,  crystalline. 

40 

60 

40- 1® 

Splendid  lai^  laminse. 

50 

59 

47-0° 

Opaque,  .‘icarcely  crj'stalline. 

60 

40 

51-2° 

Granular,  distinctlv  scaly. 

70 

30 

54-6° 

More  distinctly  scaly. 

80 

20 

57-4° 

Still  more  distinctly  scaly. 

90 

10 

69-8° 

Crystalline  scalea. 

A rolkture  of— 

Melt!  at 

Solidlflcf 

Miide  of  Solidifying,  | 

Palmitic  acid.|  U^rlftlc  Acid. 

at 

95 

5 

611° 

58° 

Crystalline  scales. 

91) 

10 

601° 

55-5° 

80 

20 

58“ 

63-5° 

Scales  with  slight  admixture  of 
needles. 

70 

30 

54-9° 

51-3° 

Very  delicate  needles. 

60 

40 

51-5° 

49-5° 

Uneven,  uncrystallised. 

50 

50 

47-8° 

45-3° 

Large  lamime. 

40 

60 

47° 

43-7° 

Indistinctly  lamellar. 

35 

65 

46  5° 

. . 

Uncrystalllsed,  opaque. 

32-6 

67-5 

46-2° 

44° 

30 

70 

46-2° 

43-7° 

20 

80 

495° 

41  3° 

Uncrystallised. 

10 

90 

61-8° 

46-3° 

Long  needles. 

A mixture  of  30  per  cent,  myristic  and  70  per  cent,  laoric  acid  melts  at  35*1°; 
and  when  to  20  parts  of  this  mixture,  from  1 to  100  parts  palmitic  acid  are  added,  the 
melting-jMints  of  the  resulting  mixtures  are  altered,  according  to  Heintz,  as  follows:  — 


On  admtion  of, 


Palmitk 

acid. 

1 part 

The  melting 
point  l»— 

. 33-9° 

Palmitic 

add. 

6 parts  . 

The  melting 
point  U— 
34-6° 

2 

331° 

^ ..  • 

35-3° 

3 „ 

32-2° 

8 „ . 

36° 

4 .. 

32-7° 

9 ..  . 

37-3° 

6 .. 

. 

33-7° 

10  „ 

38-8° 

The  mixtures  with  9 and  10  parts  palmitic  acid  solidify  in  delicate  needles,  the 
others  uDcrystallised.  (Heintz.) 

For  the  mode  of  solidifying  of  mixtures  of  palmitic  and  stearic  acids,  see  STRanic 
Aero. 

The  composition  of  palmitic  acid  is  as  follows : 


C^lcultUion.  Fr^my.  Stenhouie.  Schvart.  SU»am«r.  Vtrren.  Brodle.  Hetoti. 


c»* 

75*0 

743 

74-.M 

74*9 

74-a 

Irapp. 

7441 

74*97 

74*89 

74*88 

32 

13*6 

13*4 

13*48 

12*6 

13-56 

13« 

13*46 

13*51 

13*60 

O* 

32 

18*6 

13*3 

13*08 

13  6 

13*08 

13*33 

18*67 

13*60 

12*63 

10(H) 

100*0 

KXHX) 

100*0 

100-00 

100*00 

WOO 

100-00 

100*00 

Palmitic  acid  heated  in  a dish  boils  nnd  evaporates  without  residue  (Dumas  and 
Stas).  On  distillation  it  passes  over  almost  entirely  unchanged,  giving  off  only  a 
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little  oil  and  leaving  (Fr^my)  a slightly  coloured  residue,  which  melts  at  72®,  and 
probably  consists  of  pulmitone  (Maskelyne) ; the  melting  point  of  the  distillate  is 
lowered  from  58®  to  57®,  and  the  percentage  of  carbon  somewhat  increased  (Schwarz), 
but  after  recrystallisation,  the  acid  remains  unaltered.  (Fr5my.) 

When  gently  heated  in  contact  with  the  oi>,  it  is  but  slightly  altered,  but  at  higher 
teroperatures  it  takes  fin  and  bums  with  a bright  smoky  flame  like  other  fats.  It 
absorbs  osow  but  slowly,  even  in  presence  of  an  alkali,  much  of  the  acid  remaining  un- 
altered even  after  exposure  for  several  weeks  to  ozonised  air.  Carbonic  acid  is  formed 
in  the  oxidation,  but  no  other  acid.  (Gorup-Besanez.  Ann.  Ch.  Pharm.  cxxv.  215.) 

Palmitic  acid  is  not  attacked  by  chlorine  at  ordinary  temperature^  but  at  100® 
hydrochloric  is  evolved  and  oily  sultstitution-products  are  formed.^Distillcd  with  /ime, 
either  anhydrous  or  hydrated,  it  yields  palmitone  and  carbonate  of  calcium.  (Piria. 
Maskelyne.) 

2C*«H“0*  =»  C^'H”0  + CO’  + H’O 

It  is  not  altered  by  heating  to  275®  with  potofh'lime  in  a closed  vcwel ; if  air  be  ad- 
mitted. a little  butyric  acid  is  formed,  with  separation  of  charcoal,  but  the  greater  part 
of  the  palmitic  acid  remains  unaltered  (Heintz).  When  palmitic  acid  is  heated  to 
low  redness  with  excess  of  potash-lime,  gaseous  and  liquid  olefines  are  produced. 
(Cahours,  Compt.  rend.  xxxi.  142.) 

Palmitic  acid  heated  with  alcohuU  form  compound  ethers. 

Palmitates.  The  formula  of  the  neutral  palmitatcs  is  C**H*’M0*  (or  perhaps, 
C*’*n**M*0’)  for  monatomic,  and  for  diatomic  metals.  The  ^ali-metals 

also  form  acid  palmitatee  analogous  to  the  acid  acetates,  butyrates,  &c..  having  the 
composition  C‘*H*'M0’C'*H”0*,  or  rather  C”H"MO\  the  acids  of  the  series  OH**0’ 
being  most  probably  dibasic.  The  neutral  palmitates  of  potassium  and  sodium  are 
soluble  in  water  and  in  alcohol : ail  the  rest  are  insoluble.  The  insoluble  neutral 
palmitates  are  obtained  by  precipitating  the  solutions  of  the  corresponding  metallic  salts 
writh  an  alcoholic  solution  of  pafmitato  of  potassium  or  sodium. 

An  arid  palmilnteof  ammonium^  probably  C*^U*’(NIP)0*,  is  deposited  from  solutions 
of  palmitic  acid  even  in  a large  excess  of  ammonia;  it  is  insoluble  in  cold  water.  (Fr^my.) 

Potassiuni’Balts.  The  ncutral-BoIt,  C'*H*'KO’,  obtained  by  melting  palmitic 
acid  writh  carbonate  of  potaasium  and  exhausting  with  boiling  alcohol,  crystallises  from 
the  alcoholic  solution  in  white  pearly  scales,  fusible  without  decomposition  or  loss  of 
weight.  It  dissolves  in  a small  quantity  of  water,  but  is  decomposed  by  a large 
quantity;  perfectly  soluble  in  alcohol,  insoluble  in  ether. — The  acid  salt,  C*®H**KO*,  is 
precipitated  on  mixing  a solution  of  1 pt.  of  -the  neutral  salt  in  20  pis.  boiling  water 
with  1000  pU.  cold  water.  By  dissolving  the  dried  precipitate  in  boiling  alcohol,  and 
leaving  the  solution  to  cool,  the  acid  salt  is  obtain^  in  small  pearly  scales.  Water 
added  to  the  alcoholic  solution  precipitates  a more  highly  acid  salt  (Chevrenl). 
Schwarz,  by  saponifying  palm-oil  with  potash,  and  crystallising  the  soap  from  alcohol, 
obtained  an  acid  potassic  palmitate  in  nodules  which  melted  at  100®. 

Sodium-aalta.  neutral  Bait,  C'*H”NaO*  prepared  like  myristate  of  sodium 
(in.  1072),  forms  broad  pearly  lamiDa^  more  easily  decomposed  by  water  than  the 
potaasium-salt  (Dumas  and  Stas).  According  to  ileintz,  itsepamtes  from  alcoholic 
solution  in  the  form  of  a jelly,  which,  on  standing  with  a snfScient  cmantity  of  alcohol, 
changes  to  colourless  laminsB.  The  acid  salt^  C**H**XaO*,  obtained  by  dis.Holving  the 
neutral  salt  in  1500  pts.  hot  water  and  leaving  the  solution  to  cool,  is  white,  tasteless, 
more  fusible  than  the  neutral  salt,  insoluble  in  water,  easily  soluble  in  hot  alcohol. 
(Chevreul.) 

The  harium-Balt^  C**H”Ba*0*,  is  a white,  pearly,  crystalline  powder,  which  decom- 
poses before  melting.  The  magneBium-Balt,  C**fl**Mg"0*,  is  a snow-white,  loose 
crystalline  precipitate,  which  dissolves  in  boiling  alcohol,  and  crystallises  almost  com- 
pletely on  cooling,  in  microscopic  rectangular  lamimc. 

The  copper-Balt,  C“H*’Cu"0*,  is  a pale  green-blue,  very  loose  powder,  composed 
of  microscopic  laminae.  It  melts,  when  heated,  to  a green  liquid  which  rapidly  decom- 
poses. The  lead-Batt,  C**H**Pb*0*,  forms  snow-white  microscopic  sc.ales,  which 
melt  at  108®  (Maskelyne),  between  110®  and  112®  (H  pint zX  and  solidify  to  a white 
opaque  amorphous  mass.  By  heating  this  salt  or  the  acid  with  basic  acetate  of  lead, 
basic  palmitates  of  lend  are  obtained.  The  $ilver-Balt,  C‘*H*’AgO*,  is  thrown  down 
from  cold  solutions  as  a somewhat  gelatinous  precipitate,  which  is  blackened  by  light  in 
the  moist,  but  not  in  the  dry  state  (Varrentrapp).  It  appears  amorphous  even 
when  highly  magnified  (IleiDtz).  It  dissolves  slightly  in  water  (Varrentrapp). 
From  a solution  in  warm  aqueous  ammonia  it  separates  in  indistinct  scales,  (v.  Borck.) 

VAXBKZTXC  XTBSSS.  a.  Containing  the  alcoholic-radicles  OH’*'*'*. — Afef  A- 
fflic  Palmitate^  C‘*H*'0*  m C'*H*'(CH*)0*,  obtained  by  heating  palmitic  add  with 
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raethylic  alcohol  in  a sealed  tube  to  200° — 250°  fonna  crystals  which  melt  at  28°  and 
solidify  at  22°.  (Berthelot) 

Eihtflic  Palmitate^  Palmitic  or  Ethalie  ether,  C'*H**0*  C'*H*'(C*H*)0’,  is 

obtain^  b^  passing  hydrochloric  acid  gas  into  a saturated  alcoholic  solution  of 
palmitic  acid  (Frdmy,  Heintz);  also  by  heating  palmitic  acid  with  ethylic  alcohol 
to  200°— 250°,  or  with  ethylic  etherto  360°  (Berthelot).  It  crystallises  in  prisms, 
melts  at  24*2°,  and  solidifies  in  a foliated  mass  on  cooling.  When  crystallised  from  an 
alcoholic  solution  at  5°  to  10°,  it  forms  long  flattened  needles. 

AmylicPalmitate,(P'^**0*  = C'*H”(C*H")0*,  is  obtained  by  similar  processes ; 
also  when  palmitin  is  boiled  with  amylic  alcohol  containing  amylate  of  sodium  (Duffy, 
Chem.  Soc.  Qu.  J.  v.  314).  It  is  soft,  non-crystalline,  ana  melts  at  9° (Berthelot) ; 
at  13*6°.  (Duffy.) 

Cetylic  Palmitate,  C**H°*0*  = C’*H*‘(C**H")0*,  constitutes  the  principal  part 
of  the  solid  portion  (erfin)  of  spermaceti. 

Myricylic  Palmitate,  C**H”0*  — C'*H*'(C!?**H“’)0*,  w contained  in  considerable 
quantity  in  the  portion  of  b^s>wax  which  is  insoluble  in  boiling  alcohol  (see  Mtricut, 
lii.  1069). 

3.  PaiMiTATUS  OP  Gltcb&yl  or  Palscitins.  Palmitic  add  forms  three 
compounds  with  glycerin,  riz. : 

Monoj^almitin,  C'*H**0*  = uiQwjjiio  ^ obtained  by  heating  a mixture  of 

glycerin  and  palmitic  add  to  200°  for  24  hours.  It  forms  radiating  colourless  prisms, 
melts  at  58°,  and  distils  in  the  barometric  vacuum  without  alteration.  Heated  in  con* 
tact  with  the  air,  it  yields  acrolein.  It  dissolves  readily  in  ether.  It  is  saponifled  by 
oxide  of  lead,  yielding  glycerin  and  palmitic  acid. 

Pipalmitin,  produced  by  heated  palmitic  acid 

and  glycerin  together  to  100°  for  14  hours.  It  forms  colourless  tables  or  needles,  which 
melt  at  50°,  yield  acrolein  when  heated  in  the  air,  and  bum  without  residue.  It  is 
rapidly  saponifled  by  oxide  of  lead  at  100°. 

Tripalmitin,  C**IT*0*  — (C*^P’0)*(^*  ^ obtained  by  heating  a mixture  of 

1 pt.  monopalmitin  and  10  pts.  palmitic  acid  to  250°  for  28  hours.  It  is  solid,  melts  at 
60°,  solidifies  at  46°,  and  is  saponified  by  oxide  of  lead. 

natural  palmitin,  ocenrring  in  the  fats  which  yield  palmitic  (or  margaric)  acid, 
hy  saponification,  is  isomeric,  if  not  identical,  with  tripalmitin.  It  is  crystallisable, 
sparingly  soluble  in  alcohol,  and  dissolves  in  all  proportions  in  ether.  According  to 
Duffy  (/oc,  nV.),  it  exhibits  three  distinct  melting  points,  viz.  46°,  617°  and  62*8°, 
corresponding  to  three  diiTerent  physical  modifications  (see  Oltcxjudbs,  ii.  879).  It 
solidifies  at  46‘6°. 

Palmitin  exists  in  palm*oil,  Japan  wax  (Sthamer),  human  fat  (Heintz),  and 
coffee-berries  (R  o c h I e d e r).  It  is  extracted  from  palm-oil  by  pressure,  and  the  residue 
is  washed  with  boiling  alcohol,  and  crystallised  several  times  from  ether. 

y.  Paliotatb  of  Manxittl.  Dipalmitth'mannitan,  Mannite  memo-palmitiqtte, 

) 

* (C'*H*'0)*v0*.  To  prepare  this  compound,  palmitic  add  is  heated  with 

j 

mannite  in  a sealed  tube  to  120°  for  15  to  29  hours,  and  the  fatty  layer  which  floats  on 
the  surface  and  solidifies  on  cooling,  is  melted  in  a water-bath,  mixed  with  a little 
ether  and  with  excess  of  slaked  lime,  heated  for  10  minutes  to  100°,  and  then  ex- 
hausted with  ether.  If  the  product  obtained  by  evaporating  the  ethereal  solution 
reddens  litmns,  in  mnst  be  once  more  treated  with  ether  and  lime. 

Mannitic  palmitate  is  a solid,  white,  neutral  mass,  resembling  palmitin,  and  separat- 
ing from  ether  in  microscopic  crystals.  It  melts  to  a wax  when  heated  on  platinum- 
foil,  and  volatilises  almost  undecompoeed,  charring  only  towards  the  end ; the  residue 
burns  away.  Water,  at  240°,  decomposes  it  in  a few  hours  into  mannitan  and  palmitic 
acid.  Insoluble  in  water,  soluble  in  ether.  (Berthelot,  Ann.  Cb.  Phys.  [3]  xlvii 
323.) 

PA&BKzmr.  pAunTATBS  OF  Gltcebtt.  (p.  334). 

VAXdOZTOVS.  C”H**0  — 

140;  Maskelyne,  Chem.  Soc.  Qu.  J.  viii.  1.1 — The  acetone  or  ketone  of  palmitic 
acid.  It  was  first  obtained  by  Bussy,  who  called  it  margarone,  but  his  proonct  was 
probably  mixed  with  stearone.  To  prepare  it>  palmitic  acid  is  distilled  with  exce«  of 
slaked  lime  (Piria),  or  with  one-fourth  of  its  weight  of  quicklime  (Maskelyne),  and 


Digitized  by  Google 


336 


PALMITIC  ACID— PALM-SUGAR. 


tbe  product  U purified  by  repeated  crystallisation  from  boiling  alcohol  It  forms  imaU, 
white,  pearly  s^es  or  laminse  ; melts  at  84*^,  and  solidifies  at  80°  to  a higlily  electric 
mass  (Maskelyne).  It  dissolves  in  alcohol,  with  greater  facility  as  the  alcohol  is 
stronger  (Piria).  Easily  soluble  in  (Maskelyne.) 

It  resists  the  action  of  nitric  acid  and  o( potash-icy,  but  is  attacked  and  blackened  by 
fii^rosu/pAurtc  orirf  (Maskelyne).  It  does  not  unite  with  acid  sulphites  of  allcalt- 
metals.  (Limpricht,  Ann.  Pharm.  zeir.  246.) 

VAUHCZTOVZO  AOXl>*  An  add  of  doubtful  composition,  said  by  Schwars 
(Aon.  Cb.  Pharm.  Iz.  68)  to  be  produced  when  palmitic  acid  is  kept  in  a state  of  fusion 
for  a long  time  in  contact  with  the  air.  Schwars  supposes  tliat  undtr  iht'se  circum- 
stances a portion  of  the  carbon  and  hydrogen  of  the  palmitic  acid  is  removed  by 
ozidatioQ,  and  an  acid  is  left  having  the  composition  or  C*’H**Ol  (For  a 

description  of  this  supposed  acid  and  its  salts,  see  Uandwdrtcrbuch  d.  Chem.  vi.  36.) 

V A&MIT f 1*.  — The  hypothetical  radicle  of  palmitic  acid  and  its  de- 

rivatives. The  same  term  is  sometimes,  but  improperly  applied  to  cetyl,  C‘*H". 

VA&M-OZ1L  or  FAUK-BUTTSS,  This  fat,  which  in  the  fresh  state  consists 
mainly  of  tripalmitin  with  a small  quantity  of  olein,  is  obtained  from  tbo  fruit  of  certain 
kinds  of  palm,  Cocos  butyracfa  according  to  some  authorities,  At\>ira  elais  according  to 
others ; it  is  imported  from  Cayenne  and  the  coast  of  Guinea.  It  has  the  consistence 
of  butter,  an  orange  colour,  and  an  odour  somewhat  like  that  of  violets.  The  fresh  oil 
melts  at  27°,  but  as  it  ^ts  stale,  the  melting  point  ns<>s  to  3P  and  even  to  36°,  in 
consequence  of  the  resolution  of  the  neutral  fats  into  glycerin  and  fatty  acids.  Old 
palm-oil  usually  contains  a considerable  quantity  of  free  palmitic  acid,  the  decom- 
position being  induced,  according  to  Pelouze  and  Boudet,  by  the  presence  of  a 
peculiar  ferment.  It  gives  off  acid  vapours  when  heated  to  140°  and  above,  and  at 
300°  it  boils,  emitting  the  odour  of  acrolein,  and  yielding  a distillate  of  fatty  acids 
(Pohl).  It  dissolves  in  strong  sulphuric  acid,  and  the  solution  on  standing  deposits 
palmitic  acid  (FrAmy).  It  dissolves  slowly  and  incomphlely  in  cold  alcohol,  but 
mixes  in  all  proportions  with  ether;  dissolves  in  oil  of  tui7>entine  and  oil  of  almonds, 
with  separation  of  fiocculent  matters.  (Guibourt,  J.  Chim.  m6d.  i.  177.— Henry, 
J.  Pharm.  li.  241.) 

Palm-oil  is  extensively  used  in  the  manufacture  of  soap  and  candles,  also,  mixed 
with  tallow  and  a certain  portion  of  caustic  so<la,  for  making  railway  grease  (see 
/iichardson  and  H’atts's  Chemical  Ircknology,  voi.  i.  pt.  3,  p.742).  For  thelatUT 
purpose  the  crude  yellow  oil  is  used,  but  for  soap  and  candle  making  the  colour  must 
be  removed.  The  bleaching  may  be  effected  by  various  processes,  viz.:  by  the  action 
of  chloride  of  lime,  of  oxygen  derived  from  peroxide  of  manganese  and  sulphuric  acid, 
or  from  bichromate  of  potash  and  sulphuric  acid  ; — by  heating  the  oil  in  a close  vessel 
to  110°  C.  (230°  F.)  by  means  of  high-pressure  steam ; or  to  100°  C.  (212°  F.)in  open 
vessels,  so  that  it  may  l>e  exposed  to  the  action  of  air  and  light.  This  lost  is  the  most 
economical  of  all  methods  of  bleaching  palm-oil,  and  has  almost  entirely  soperseded  the 
others.  It  is  carried  out  as  follows : 

Several  very  large  square  or  flat  boxes  or  cisterns  are  prepared,  either  constructed 
simply  of  wood,  or,  better,  lined  with  lead.  These  boxes,  which  are  twelve  inches  deep, 
and  are  furnished  at  the  bottom  with  a serpentine  leaden  tube  in  conn<‘Ction  with  a 
steam-boiler,  must  be  so  situated  as  to  admit  of  tbo  free  access  of  air  and  light.  After 
they  have  been  filled  up  to  the  height  of  eight  inches  with  water,  palm-oU  is  introduced 
in  sufficient  quantity  to  form  a layer  two  inches  deep  after  being  melted  by  the 
admission  of  the  steam,  the  current  of  which  must  be  regulated  so  as  to  afford  a 
uniform  temperature  of  100°.  At  the  expiration  of  ten  or  fiffeen  hours,  the  colour  is 
destroyed,  the  length  of  time  required  depending  very  much  on  the  power  of  the  sun’s 
rays.  Palm-oil  might  perhaps  lx>  advantageously  bleached  by  the  tropical  sun  of 
Africa,  before  its  importation  into  Europe.  The  bleaching  may  also  be  accelerated  by 
blowing  air  through  the  melted  oil  The  method  of  bleaching  with  chromate  of  potas- 
sium and  sulphuric  acid  is  more  expeditious  than  that  just  described,  but  it  Is  also 
much  more  expensive.  The  oil,  even  after  being  subject^  to  the  most  effective  pro- 
cess of  bleaching,  still  retains  a slight  yellowi^  hue,  but  this  colour  is  no  longer  per- 
ceptible in  the  soap  made  from  it.  (For  further  details  see  Chemical  Technology,  vol  i. 
pt.  2,  p.  410 ; also,  Ure's  Dictionary  of  Arts,  &c.,  p.  iii.  290.) 


FAXM*8irOAJl.  The  juice  of  various  kinds  of  palm  yields  a saccharine  matter 
from  which  cane-sugar  may  ^ extracti  d.  In  Java,  a black  very  hygroscopic  sugar  is 
obtained  from  the  juice  of  Arengasaccharifera  and  of  Saguerus  Rumphii.  Bertbelot, 
^Compt.  rend.  xln.  1276)  has  extracted  cane-sugar  from  tbo  latter.  The  so-called 
Ingnr  or  Lontar  sugar  of  India  is  prepared  from  the  flower-stalks  of  Iiorass%tsJUsbeil\fer ; 
it  is  likewise  hygroscopic,  and  issaia  to  be  purgative  when  taken  in  Urge  quantity. 
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VA2LM-WAX.  Crra  dc  Palma. — This  wax  is  the  produce  of  CeroxyUm  andicola^ 
a spL^cies  of  palm  indigenous  in  the  tropical  regions  of  America.  The  entire  stem  of 
the  tree«  which  is  two  feet  tliick  and  iifty  feet  high,  is  corored  with  a layer  of  wax ; 
this  is  removed  by  scraping,  and  purifled  with  hot  water,  in  which  it  does  not  melt, 
but  collects  in  u soft  state  on  the  surface.  It  is  mixed  with  u little  tallow  to  render  it 
less  brittle,  and  formed  into  bulls,  in  which  state  it  is  sent  into  commerce  \ it  is  used  in 
South  America  for  making  candles. 

Palm  wax  unmixed  with  tallow  is  dark  yellow,  somewhat  translucent,  and  has  a 
conchoidid  fracture.  It  becomes  strongly  electric  by  fnction,  melts  at  a temperature 
somewhat  above  thf*  boiling ‘point  of  wut^r,  and  takes  fire  at  a somewhat  higher  tem- 
perature, burning  with  a bright  smoky  flame.  It  dissolves  cr^ually  but  completely 
in  caustic  alkalis.  It  is  likewise  soluble  in  ether,  and  the  solution  when  left  to  evapo- 
rate deposits  the  wax  in  crystals  resembling  carbonate  of  sodium.  Hot  alcohol  resolves 
it  into  two  distinct  substances,  a true  wax  and  a resin.  The  former  separates  as  a 
jelly  from  the  cooling  alcoholic  solution,  and  may  be  freed  from  adhering  resin  by  re- 
peated solution  in  alcohol.  It  then  melts  below  the  boiling  point  of  water,  and  closely 
resembles  becs-wax  in  colour,  and  also  in  composition,  as  seen  by  the  following  com- 
parison : 

Palm-  ff’oM. 
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The  resin,  called  ceroxylin,  is  obtained  by  evaporating  the  alcoholic  liquor  from 
which  the  jelly  has  been  deposited,  first  to  two-thirds,  whereupon  a little  more  wax 
separates  from  it,  then  to  one-fourth,  when  the  resin  separates  as  a shining  crystalline 
mass  containing  83*4  per  cent,  carbon,  11 '5  hydre^en,  and  6'1  oxygen,  agreeing  with 
the  formula  C*IP*0,  which  is  also  that  of  clemi-rcsin.  Its  melting  jxnnt  is  above 
100®.  In  the  fused  state  it  has  the  colour  of  amber,  and  splits  in  all  directions  as  it 
cools.  It  is  solnble  in  ether  and  in  volatile  oils. 

Wax  is  likewise  obtained  from  some  other  species  of  palm.  The  leaves  of  the 
Carnauba  palm  {Corypha  cerif(ra\  a native  of  northern  Brazil,  are  coated  with  a thin 
layer  of  wax,  which  peels  oflF  as  they  dry.  It  is  very  brittle,  easily  pulverised,  melts 
at  83'5®,  dissolves  in  boiling  alcohol  and  ether,  and  separates  as  a crystalline  mass  on 
cooling.  Lewy  found  in  it  80*4  pi*r  cent,  carbon,  13’1  hydrogen,  and  6 5 oxygen. 

According  to  Teschcraacher,  considerable  quantities  of  palm-leaves,  probably  of 
the  dwarf  palm  {Chahurrops  humUia\  are  imported  into  the  Unitetl  States  from  Cuba 
and  the  other  West  Indian  islands,  for  the  use  of  hatters.  These  leaves  are  also  coated 
with  a thin  layer  of  wax.  Teschemacher  obtained  from  a single  leaf,  by  scraping  with 
the  finger,  90  grains  of  white  pulverulent  wax,  and  by  exhaustion  with  alcohol,  300 
grains  more  of  a somewhat  grey  colour.  This  wax,  when  treated  with  a small  quantity 
of  alcohol,  is  resolved  into  two  unequally  soluble  eoustituents. 

F A&M-WZM  S.  An  alcoholic  beverage,  preparnl  by  fermentation  of  the  saccha- 
rine juice  of  certain  palnia  In  Amboina,  tue  juice  of  Arcnga  iocchari/era  is  used  for 
this  purpose,  i’alm-wine  is  Likewise  obtained  from  Sagv4  raphtOy  Mauritia  vini/troy 
Phanix  dactyliftra.  Cocos  nuciferay  and  others.  In  South  America  an  intoxicating 
drink,  colled  Piilga  or  Pulque,  is  prepart^d  from  the  juice  of  Fourorxa  adorata. 

FAJTABASE.  8yn.  with  TsTa.ureDiUTB. 

FAlgCBSATZC  JtTZCS.  A clear,  ropy,  colourless  fluid,  free  from  special  mor- 
phological constituents,  of  no  particular  odour,  with  a distinctly  alkaline  reaction, 
flowing  from  the  pancreas  into  the  upper  part  of  the  duodenum,  and  of  great  use  in 
digestion.  The  quantity  secreted  during  a given  time  varies  exceedingly,  and  depends 
mainly  on  the  amount  of  food  present  in  the  alimentary  canal.  The  percentage  of 
total  solids  also  varies  greatly  (from  2 3—99  for  dogs);  in  general,  the  (lensity  of  the 
liquid  is  in  inverse  ratio  to  t^o  rapidity  with  which  it  is  secreted.  Pancreatic  juice 
decompo.ses  very  spei*dily  at  the  oidinaiy  temperature,  and  then  becomes  rose-colour^-d 
on  the  addition  of  elilorine ; a reaction  which  is  lost  at  a later  stage  of  decomposition. 

Id  the  case  in  which  the  total  solids  amounted  to  9 924  per  cent.,  the  salts  were 
*886  per  cent.,  and  consisted  chiefly  of  chloride  of  sodium  ('736  per  cent.),  sulphates 
of  sodium  and  potassium,  phosphates  of  sodium,  calcium  and  magnesium,  and  carbonate 
of  calcinm,  with  traces  of  iron. 

The  greater  part  cf  the  organic  matter  may  be  thrown  dow'n  by  alcohol  as  a white 
fluky  precipitate,  which,  when  separated  by  filtration  and  dried,  is  easily  redissolved 
in  water.  Heat  (72®),  mineral  acids,  tannin,  Ac.,  also  produce  precipitates,  'flie 

VoL.  IX.  7s 
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PAPAVERINE. 


aquoous  solution  of  the  alcohol-precipitate  exhibits  all  the  powers  of  the  original  se- 
cretion, and  has  been  called  Pancreatin.  It  is  probably,  howcTor,  a mixture, 
consisting  principally  of  some  protein-subsUinco  allied  to  casein.  Cohnheim  has 
sopamted  from  it  a body,  lacking  protein  charactnrs,  but  converting  starch  into  sugar 
with  great  energy,  and  Danilewak^  (Virch.  Arch.  xxv.  279)  attempts  to  show  the 
existence  of  three  special  **  ferments.’^  He  makes  a pancreatic  infusion  by  rubbing  up 
with  sand  and  cold  water  the  pancreas  of  a dog  killed  six  hours  after  a meal,  and 
filtering  ; the  filtrate  acts  on  starch,  albumin,  and  fats.  Magnesia  is  oddeil  in  excess, 
and  the  fluid  again  filtered ; the  filtrate  acts  on  starch  and  albumin,  but  not  at  all  on 
fat.  To  this  second  filtrate  is  carefully  added  onc-third  its  volume  of  collodion,  ami 
the  mixture  is  well  shaken,  the  ether  being  allowe<l  to  evaj^rate.  The  precipitate, 
which  is  granular  and  not  lumpy  if  the  expe  riment  has  been  well  performed,  is  separated 
by  fiUmtiou.  The  now  filtrate  acts  upon  starch,  but  not  on  albumin.  The  precipitate 
is  washed  with  spirit,  treated  with  a mixture  of  alcohol  and  ether,  and  filterei.1.  The 
undiKsolved  portion  is  washed  with  other,  dissolved  in  water,  and  again  filtered.  Tha 
filtrate,  whicn  gives  no  decided  protein  reaction,  has  no  action  on  starch ; but,  when 
possessing  a feebly  alkaline  reaction,  readily  dissolves  fibrin.  Pancreatic  juice  also 
contains  extractive  matters,  and  some  fat.  Leucine,  in  company  with  tyrosine,  is 
found  abundantly  in  the  substance  of  the  gland,  and  has  also  been  detected  in  tho 
secretion.  M.  F. 

PAPAVBRZIO'B.  C“H»'NO*.  (G.  Merck  [1850],  Ann.  Ch.  Pharm.  Ixvi.  125  ; 

Ixxiii.  60. — Anderson,  ihid.  xciv.  215;  also  Edinb.  Phil.  Trans,  xxi.  Pt.  1.) — An 
alkaloid  existing  in  opium.  It  may  be  obtain^  by  precipitating  the  aqueous  extract 
of  opium  with  soda;  treating  the  precipitate,  which  consists  for  tho  most  part  of 
morphine,  with  ala>hol ; evaporating  the  brown  tincture;  trc*ating  the  residue  with  a 
dilute  acid;  and  precipitating  the  fiifer»‘d  solution  with  ammonia,  A brown  resinous 
matter  is  thereby  thrown  down,  containing  a considerable  quantity  of  pipaverine;  nud 
on  dissolving  this  resin  in  dilute  hydrochloric  acid,  aiUling  acetate  of  potas.sium,  which 
precipitates  a dark  coloured  resin,  washing  this  precipitate  with  water,  treating  it  with 
boiling  ether  and  leaving  the  ethereal  extract  to  cool,  papaverine  sejiarates  in  tho 
crystalline  form.  fMcrck.) 

A simpler  method  is  to  dry  the  resin  precipitatwl  by  ammonia  on  the  water-bath,  and 
mix  it  with  an  equal  weight  of  alcohol,  M'hereby  an  unctuous  mass  is  formed,  which 
solidifies  after  a while  in  a ciy'stalline  magma ; press  this  product ; rpciy.stallise  it 
from  alcohol ; and  decolorise  it  with  animal  charcoal.  The  papaverine  thus  obtained 
still  contains  narcotine,  to  separate  which  it  is  treated  wdth  hydrochloric  acid  and 
crystallised,  and  tben  upon  tho  hjdrochlorato  of  papaverine,  being  sparingly  .«ioluble  ami 
easily  crystallisable,  separates,  and  the  whole  of  the  narcotine  may  be  extracted  by 
cold  water.  (Merck.) 

Anderson  prepares  papaverine  from  the  mother-liquor  of  the  preparation  of  narcotine, 
(Seo  Ohivm,  p.  209.) 

I’apaverino  ciystallises  from  alcohol  in  col.jurless  ncicular  crrstals  confusedly 
groujHHl.  It  is  insoluble  in  tt-ofer,  sparingly  soluble  in  eth^r  and  alcohol  at  onlinary 
temjieratures,  more  readily  with  the  aid  of  heat.  The  solutions  blue  reddenetl  litmus 
paper.  It  is  particularly  characterised  by  assuming  a deep  blue  colour  when  strong 
sulphuric  acid  is  pourctl  upon  it.  It  does  not  appear  to  be  poisonous;  indeed  it  may  be 
swallowed  in  considerable  quantity  without  producing  any  particular  effect.  Its  com- 
position is  us  follows: — 


CaUutation. 

Meick.  ' 

Anderton. 

20  C 

240 

73-79 

70-47  70-6^ 

70-58 

70-71 

21  H 

21 

6 20 

632  66.5 

6-29 

6 16 

N 

14 

41 3 

4-75 

3 96 

4-10 

4 0 

04 

18-88 

C“H'‘SO‘ 

329 

100-00 

When  papaverine  is  boiled  for  some  time  with  of  manganesr,  sulphuri(r  acid 

and  water,  l^c  liquid  acquires  a brown  colour,  and  after  some  hours  deposits  crystalline 
flakes.  (Merck.) 

Nitric  acid  dissolves  papaverine  without  decomposing  it;  but  on  mixing  the  solution 
with  excess  of  strong  nitnc  acid,  red  vapours  are  evolved,  the  lic^uid  acquires  a deep 
red  colour,  and  onui^e-cfdouwHl  crystals  are  deposited,  consisting  of  nitrate  of 
nitropapaverine,  C”H**(N0*)N6M1N0’. 

Bromine-water  added  drop  by  drop  to  papaverine,  forms  a precipitate  which  redis- 
solves at  first,  but  aftorwanis  bt'comes  permanent:  it  consists  of  hydrobromato  of 
bromopapaverine,  0"H**BrN O*. II Br. 

Alcoholic  tincture  of  iodine  added  to  an  alcoholic  solution  of  papaverine,  forms  after 
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a while  small  crystals  of  an  iodido  of  papaverine,  containing  2C**H*’N0M*; 
and  the  mother-liquor  yields  by  evaporation  crystals  of  another  iodide  containing 
(Anderson.) 

Papaverine  heated  with  four  times  its  weight  of  »oda^lim  gives  off  a volatile  alkali, 
probably  tritylaraino  or  ethyLimiue.  (Anderson.) 

Heated  with  iodide  of  ethyl  in  a scaled  tube  it  does  not  yield  an  ethylated  base,  but 
merely  hydriodate  of  papaverine,  and  apparently  alcohol  or  ether.  (How.) 

Salts  op  Patavruinb. — The  hydrochlorate^  C^H'*N0*.HC1,  is  obtained  by  dissolv- 
ing the  alkali  in  dilute  hydrochloric  acid,  and  adding  an  excess  of  acid;  it  is  then 
precipitated  as  an  oil  which  gradually  solidifies  in  large  bemihedral  crystals  belonging 

to  the  Irimetric  system.  Observed  combination  : «P  . I*x 
faces.  ®P  : c»P  - 80®;  : I’co  « 129®  20';  : « - 149®  15'. 


Inclination  of  the 


The  cklorerplatinate^  2C**H*’NO‘.H‘Cl’.Pt*’Cl*,  is  a yellow  precipitate  insoluble  in 
watf^r  and  in  alcohol 

The  eulphate  is  uncrystallisable.  The  nitrate  cannot  bo  prepared  with  nitric  acid, 
because  the  least  excess  tends  to  form  a substitution-compound,  as  above  mentioned  ; 
but  it  is  obtained  by  precipitating  nitrate  of  sQver  with  the  hydrochlorate. 

9APT&1V  or  Vegetable  Parchment. — A tough  substance  produced  by  the  action 
of  sulphuric  acid  on  unsized  paper.  (See  Cbllulosb,  i 819.) 

(c>o»r) 

FA&ABAVZC  ACZ3>«  C’H*N*0*  =*  (CO)'  rN*.  Oxalyl-carhamide  or  Ox- 

alyl-urea.  Carbonyl-oxwmide.  (Liebig  and  Wohler,  Ann.  Ch.  Pharm.  xxvi.  2S5.) 
— An  acid  formed : 1.  By  the  action  of  oxidising  agents  on  alloxan  (i.  136) : 


C*HLV0‘  + 0 « C*H*N*0*  + CO*. 


Z Together  with  alloxantin,  by  the  spontaneous  decomposition  of  alloxan  (Bnumert, 
i'ogg.  Ann.  cx.  93} : 

3C*H*N*0*  - + C*H*N’0*  + CO». 

According  to  Hointz  (P<^.  Ann.  cxi.  436)  both  the  alloxantin  and  the  pnrnbanic 
acid  suffer  further  decomposition,  the  former  gradually  taking  up  oxygen  and  repn>- 
ducing  alloxanic  acid,  while  the  latter  is  first  converted,  by  assumption  of  water,  into 
oxaluric  acid,  and  then  into  oxalic  acid  and  urea,  and  the  urea  ultimately  into  carbon- 
ate of  ammonium. 

3.  Together  with  guanidine  and  small  quantities  of  xanthine,  urea  and  oxaluric  acid, 
by  the  action  of  hypochloroua  acid  on  guanine.  (Strocker,  ii.  951.) 

It  is  usually  prepared  by  dissolving  1 pt.  of  uric  acid  in  8 pts.  of  warm  moderately 
futroQg  nitric  acid,  evaporating  to  n syrup  and  cooling:  it  then  crystalli-ses  out,  and 
may  be  purified  by  twice  rccrystnlUsing  from  water. 

Parubanic  acid  fonns  thin,  transparent,  eolourkss,  six-sided  prisms,  which  have  a 
very  acid  taste,  and  redden  lilmus  piper  (Liebig  and  Wohler).  The  ciystals 
are  monoclinie,  exhibiting  the  combination  + P.  — P . oP  . + P»  . — Px  .[  »Pao  ]. 
Katio  of  principal  axis,  clino<Hagonal  and  orthodiagonal  = 1 ; 0 C646  t 0*4783.  Anglo 
of  the  inclined  axes  — 81*39'.  Angle  — P : — P (cUnod.)  120®  62';  oP  : — Poo 
« 129®  18';  - Px  : 4-  Px  - 113®  II';  oP : + Px  - 117®  42'.  Cleavage  easy 
parallel  to  [ «Px  ].  (Sebabus,  Jahresb.  1854,p.470;  1862,  p.  359;  see  aUo  v.  Rath, 
ibid.  1860,  p.  326.) 

l*arabanic  acid  is  easily  soluble  in  trofer,  and  does  not  effloresce  in  the  air  ^Tien 
heated  to  100®  it  becomes  reddish;  at  u stronger  beat  it  melts  and  partly  sublimes; 
partly  decomposes,  giving  off  hydrocyanic  add.  Its  aqueous  solution  is  not  decomposed 
by  boiling.  When  the  aqueous  solution  is  boiled  w*ith  ammonia  (or  other  alkalis)  it 
up  water  and  is  converted  into  oxaluric  acid,  C*H*N*Ol  With  anhydroue 
ammonia  parabanic  acid  appears  to  form  oxaluraniide  (p.  277);  and  when  heat^i  with 
<i7it7inr  it  forms  phenyl-oxaiurumide  : C*H’N*0*  + C*H^X  *■  C*H*N*0*.  (Laurent 
and  Gerhardt.) 

The  only  known  salt  of  parabanic  acid  is  the  eilver-ealtf  C*Ag*N*0*,  which  is 
obtained  as  a white  prec>ipitate  when  aqueous  parabanic  acid  is  added  to  nitrate  of 
silver  (Liebig  and  Wohler).  The  aqueous  acid  mixed  with  nitrate  of  silver 
and  a little  ammonia,  yields  a precipitate  containing  2C*Ag^N*O*.H*0,  which  becomes 
anhydrous  between  130®  and  140®.  (Strecker.) 

(C^O*)'} 

Methyl-parabanic  acid,C*^*'^K>*  — (CO)”>N*. — This  is  the  compound 

H.CIP) 

which  Dessaignes  obtained  by  heating  the  base  C*IP*N*0*  (produced  by  the  action 

x 2 
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of  nitrons  acid  on  creatinine^  with  hydrochloric  acid  It  is  probably  also  formed  by 
the  action  of  batyta  on  creatine  at  the  boiling  heut  (ii.  102). 

Dimethyl-parabanic  acid,  C*H*N*0*  = (CO)  >N*. — This  compound, 

(CH*)^) 

already  described  as  cKolfstrophane  {\.  926X  called  also  nitrotheine  by  Stenhouse, 
is  the  final  product  of  the  action  of  cblorine  or  nitric  acid  upon  caflfeino  (Rochleder). 
It  may  be  produced  directly  from  parabanic  acid  by  heating  the  dry  8ilver*salt  of  that 
acid  with  iodide  of  methyl  to  100^  for  twenty-four  hours.  It  crystallises  from  hot 
water  in  laminae  having  a silvery  lustre.  (Strecker,  Ann.  Ch.  Fharm.  cxviii.  151 ; 
Jahresb.  1861,  p.  628.) 

(croTj 

Diphenyl^parahanic  acid^  C‘*H**N*0*  «■  (CO)">N*.— Produced  by  treat- 

ing  a boiling  alcoholic  solution  of  dicyaoomelaniline  or  of  melanozimide  (p.  286)  with 
an  aqueous  acid : 


C'*H‘*N*  + 

3H»0 

+ 3HC1 

= C“H'*N’0'  + 

3NH*CI ; 

Dic7«ni>meU 

aulUne. 

Dlph**nyl- 
parabanic  acid. 

C'*n"N*o«  + 

H'O 

+ HCl 

- C>*H'*N=0*  + 

NH'CI. 

Mclanoxlmtde. 


Diphenyl-parabanic  acid  crystallises  in  needles,  is  insoluble  in  water,  but  easily  sol- 
nble  in  alcohol  and  in  ether.  By  boiling  w'ith  potash  it  is  n*solved  into  carbonic  acid, 
oxalic  acid  and  pbenylamine.  (Hofmann,  Proc.  Hoy.  See.  xi.  275.) 

Cyanamide  forms  with  2 at.  cyanogen  a yellow  amor])hous  body,  C*H*N^  ( = BH*(CN) 
4-  analogous  to  dicyanomelaniline,  and  it  might  have  b^n  expected  that  this 

body  when  heat^  with  aqueous  acids  would  yield  parabauic  acid  by  a reaction  similar 
to  the  above,  namely : 

3H»0  + HCl  - C*H»N*0>  -►  2NH*C1 ; 

but  the  product  actually  obtained  is  altogether  different.  (Hofmann.) 

PARABliarziiyBor  Parabenzol.  (Church,  PhiLMag. [4]xiiL415;  xviii.  622.) — 
A hydrocjirlx>n  isomeric  with  bonzcne(i.  641), occurring, together  with  tlie  latter  an  i its 
bomologues,  in  light  coal-tar  oU.  When  purified  by  rectification  it  boils  at  97'6®  (ben- 
zene at  80’4‘^,  Kopp) ; does  not  solidify  at  — 20*^  (benzene  solidifies  at  0^) ; has  a faint 
alliaceous  odour,  less  pleasant  than  that  of  pure  benzene.  Treated  with  nitric  acid  of 
specific  gravity  16,  it  yields  a nitro-compound  which  appears  to  bo  identical  with  ordi- 
nary nitrobenzene;  and  with  a mixture  of  strong  nitric  and  sulphuric  acids,  a dinitro- 
compound,  agreeing  in  composition  and  properties  with  dinitrobenzene.  Treated  with 
4 vols.  of  fuming  sulphuric  acid,  it  forms  a sulpho-acid  isomeric  but  not  identical  with 
sulpho-beozolic  acid,  inasmuch  as  its  barium-salt,  is  obtained  only  as  a 

gummy  mass  exhibiting  no  trace  of  ciy'stallisatiun,  insoluble  in  ether,  veir  slightly 
soluble  in  alcohol ; tlie  coppcr-galt,  C'*lI‘*Cu“S*0^  (at  lOO**),  is  a very  soluble,  trans- 
lucent, amorphous  bluish  mass;  and  the  free  iici<l  separated  from  the  salt  by  snlphurc-tted 
hydrogen  crystallist*a  with  difficulty  in  prisms  which  are  but  sliglitly  deliquescent ; 
whereas  the  barium-salt  of  ordinary  sulpno-benzolic  acid  crystallises  iu  nacreous  lam- 
inae; the  copper-siilt  in  crystals  which  are  less  soluble  in  water  than  the  isomeric  salt, 
and  become  anhydrous  only  at  170^;  and  the  free  acid  forms  deliquescent  crystals. 
The  of  parasulj*lio-benzolic  acid  when  subjected  to  ffistillntiou  yields 

parabenzene  with  all  the  properties  above  mentioned. 

PABAnBOMABH>B»  C*UBr*0. — A com(H>und  isomeric  with  bromal  (i.  G66), 
produced  by  gradually  adding  bromine  to  wood-spirit  contained  in  a retort,  through  a 
funnel  tulw  reaching  to  the  bottom  of  the  liquid.  Two  layers  of  liquid  then  collect  in 
the  receiver,  the  upp«T  consisting  of  aqueous  hydrobromic  acid,  while  the  lower,  which 
is  oily,  solidifies,  after  washing  with  water  and  exposure  to  the  air,  to  a mass  of  colour- 
less crystals  of  ]'>arabronialide,  wliich,  when  purified  by  pressure  between  paper  and 
rccrystalLisation  from  strong  alcohol,  forms  colourless  rhombic  prisms  with  four-sided 
summits.  It  has  a specific  gravity  of  3107,  melts  at  67*®,  begins  to  decompose  at  200^ 
with  separation  of  bromine  and  hydrobromic  acid,  and  decomposes  rompletely  at  a 
higher  temperature,  leaving  a copious  residue  of  charcoal.  It  is  insoluble  in  tratrr, 
soluble  in  strong  alcohol  and  in  chloroform.  By  dilute  potash  it  is  decomposed,  like 
bromal,  yielding  bromoform  and  acetate  of  pota.*wium.  Alcofu>lic  ammonia  acts  ufton  it 
in  a similar  manner,  but  when  heated  with  it  to  100^  in  a scaled  tube,  gives  rise  to  a 
more  complicated  reaction,  the  liquid  containing,  besides  formate  of  ammonium,  the 
products  of  the  action  of  alcoholic  ammonia  on  bromoform,  and  a browrn  powder,  pro- 
bably impure  cyanhydrin.  (Cloez,  Ann.  Ch.  Pliarra.  cxi.  178.) 


Digitized  by  Google 


PARABROMOMALEIC  ACID— PAR  AC  YA  NIC  ACID.  341 

P urn AB»OMO»rA WXO  ACXS.  See  Mai.ric  Acid  (iii.  788). 

VABACACOOTXiXC  OSUCX>XL  See  OxiDB  OF  Cacodyl,  under  Ajue!<ic- 
SADICLK.S,  Oboanic  (l  407). 

PAltACAJPUTBITB.  See  CAmrTENB  (i.  711). 

PAStACAMPBOAZO  ACXOi  Syn.  with  IxAcnvB  Camphoric  Acid  (i.  730). 

PAJtACARTBAMZK.  This  name  is  given  by  Stein  (H^p.  Cbim.  pure,  ▼. 
108;  Jahresb,  1862,  p.  500;  1863,  pp.  561,  696)  to  a red  substance  allied  to  carth- 
aniino,  produced  by  the  action  of  sodium-amalgiim  on  rutin.  It  is  turned  green  by 
alkalis  and  by  neutral  acetate  of  lead,  the  red  colour  being  restored  by  acids.  Para- 
cart  hamin  appears  also  to  be  contained  in  the  red  bark  of  dog- wood  {Coi^ua  sanguinra), 
in  the  young  bark  of  certain  kinds  of  acacia,  in  the  blackberry,  in  the  red  sterile  shoots 
of  Euphorbia  cyparissiaa,  and  in  the  layer  of  the  willow-stem  botween  the  pith  and 
the  bark. 

PARACBZilbiri^OBB.  X'r^rny  applies  this  name  to  that  roodifleation  of  cellulose 
which  does  not  dissolve  in  an  ammoniacul  solution  of  cupric  oxide  till  it  has  been  sub- 
j»*eted  to  the  action  of  acids,  alkalis,  or  other  reagents,  restricting  the  term  cellulose 
to  that  variety  which  is  immediately  soluble  in  that  liquid.  Both  varieties  of  celluloso 
are  soluble  in  boiling  potash-ley.  The  utricular  tis.sue  forming  tho  mcdullair  rays  of 
Mood  consists  of  p;iructdlulose.  Pr^my  regards  these  modifications  of  cellulose  as 
esscniially  distinct.  Pay  en,  on  the  other  hand,  is  of  opinion  tlmt  there  is  but  one  kind 
of  cellulose,  chemically  speaking,  and  that  the  differences  observed  in  the.  reactions  of 
cellulose  from  differttul  sources  are  due  to  differences  of  aggregation,  or  to  the  presence 
of  iiiorgninic  substances.  [SeeVrem  y,  Com pt.  rend,  xlviii.  202,  276,  326,362,862; 
xlix.  561  ; Rep.  Chira.  pure,  i.  270,  357,  433,  602;  J.  Phanu.  [3]  xxvi.  6. — Payen, 
Compt,  rend,  xlviii.  319,  328,  772,  893;  R^p.  Cbim.  pure,  i.  269,  359,  434  ; also 
Juhresb.  1859,  pp.  529,  541.] 

VABAGBTOIfB.  See  Pl.v.VCONB. 

P AB ACBXOB  A 1»TPB.  C*HC1‘0*. — A sul«tance  isomeric  with  chloral  (i.  880), 
produced  by  tho  action  of  chlorine  on  pure  anhydrous  w'oo<l-Bpirit  in  diffused  day-lighL 
The  containing  vessel  should  be  cooled  at  first,  but  to  complete  the  reaction  a gentle 
lieat  is  required,  so  that  the  product  may  distil  over  in  an  atmosphere  of  chlorine. 
The  oily  portion  of  tho  dii^lillate  is  then  to  l>e  mixed  with  nn  equal  volume  of  strong 
sulphuric  acid,  and  aRer24  hours'  contact,  distilled  from  oxide  of  lead  in  an  atmosphere 
of  ciirbonic  anhydride. 

Parachloralide  is  a pungent-smelling  liquid  resembling  chloml.  Specific  gravity 
1'5765  at  14®.  Boils  at  182®,  and  volatilises  almost  without  n^sidue.  Jt  is  distin- 
guished from  chloral  by  its  insolubility  in  water,  and  its  higher  boiling  point  (chloml 
boils  at  98'G®,  Kopp).  With  fixed  alkalis  and  alcoholic  ammonia,  it  reacts  like 
parabromalide.  (Clooz,  Ann.  Ch.  Pharm.  cxi.  178;  Jahn^b.  1859,  p.  434.) 

PABACB&OBOBBirXOZC  ACro.  C’lI^ClO'.  Ch/orodracylic  acid{\y  ilhrand 
and  Beils tein,  Ann.  Ch.  Pharm.  cxxviii.  257  ; Beilst oin  and  Schlu  n,  ibid,  oxxxiii. 
242). — An  acid  isomeric  with  ehlorobonzoic  aehl,  produced,  together  with  hydrochlorato 
of  paraoxybenzamic  acid,  by  the  action  of  hydrochloric  acid  on  azo-paraoxybenzamic 
acid  (p.  352).  It  is  a crystalline  l>ody,  which  melts  at  236® — 237°,  and  sublimes  in 
scales  resembling  naphthab  ne.  at  a tempt*rature  very  near  its  melting  point.  Normal 
chloroWnzoic  acid,  obtained  from  benzoic  acid  or  its  derivatives,  or  from  hippurie  or 
cinnamic  acid  (compounds  capable  of  yielding  benzoic  acid),  melts  at  152®  or  153®,  and 
sublimes  in  neetlles  ; chlorosnlylic  acid  (called  parachlorobonzoic  acid  at  page  555,  vol. 
i.),  pnxluced  by  the  action  of  pentachloride  of  pho.*sphorus  on  salicylic  acid,  melts  at 
137®  and  forms  a calcium-salt  containing  2 at.  water  (C'*H'*Ca"0*.2H*0),  whereas  the 
calcium-salt  of  the  parachlorobenzoic  acid  just  d(*scribt‘d  contains  3 at.  water,  like  that 
of  normal  chlorobenzoic  acid. 

PAJLACZTBZC  ACZB.  with  Acomtic  Acid. 

PABACOBUME8ZTB,  A mineral  found  at  Taunton,  Massachusetts,  in  black 
grains,  which  melt  easily  before  the  blowpipe  to  a black  gla.ss,  form  a yellow-browu 
glass  with  borax,  and  are  decomposed  by  sulphoric  acid,  with  evolution  of  hydrofluoric 
acid  and  separation  of  a white  powder.  The  mineral  is  said  to  contain  iron  and  ^nium, 
but  no  titanium.  (Shephard,  Sill.  Am.  J.  ii.  xii.  209  ; Dana'a  Mtnfra/offy,  ii.  601.) 

PABACTAPrze  ACn>.  This  name  is  applied  to  several  brown  products,  of 
uncertain  composition,  resulting  from  the  decomposition  of  cyanogen  or  some  of  its 
compounds,  in  presence  of  water.  They  are  partially  soluble  in  water,  and  when 
heated  give  off  hydrocyanic  acid  and  ammonia,  leaving  a mixture  of  charcoal  and 
paracyanogen. 
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PAJtACTAiroOBir.  A bnown  or  black  subataoce  isomeric  or  pol^eric  with 
c^ranoc^  n,  irliich  romainN  in  small  quantity  when  the  latter  is  prepared  by  heating 
cyanide  of  mercury  (ii.  275).  To  obtain  it  pure,  however,  it  is  ncK^esaary  to  use  perfectly 
dry  cyanide  of  mercury,  since,  if  moisture  is  present,  a certain  quantity  of  ammonia  is 
prtxluecti,  and  the  puracyanc^en  is  contuminated  with  free  carbon. 

When  pure  pameyanogen  is  calcined  in  a gas  which  does  not  act  upon  it,  such  as 
nitrogen  or  carl>onic  anhydride,  it  is  completely  converted  into  cyanogen,  without 
leaving  any  car!>onaceous  residue.  Paracyanogen  heat/d  in  a current  of  <dilorine,  gives 
off  a con«i<lerable  quantity  of  white  fumes  having  a suffocating  odour,  which  conuenso 
on  the  cold  parts  of  the  apparatus  in  the  form  of  a white  sublimate  soluble  in  water. 

When  cyanide  of  silver  is  gently  heated,  it  melts  without  decomposing  j but  on 
raising  the  temperature,  cyanogen  is  given  ofl^  and  at  a certain  moment,  the  evolution 
of  gas  becomes  violent,  and  the  whole  mass  exhibits  incandescence.  A light  grey 
residue  is  then  obtaine<l,  passessing  the  metallic  lustre  and  amounting  to  90  per  cent,  of 
the  original  salt.  This  residue  is  not  pure  silver,  inasmueh  as  it  still  gives  off  cyanogen 
at  a higher  temperature,  and  dilute  nitric  acid  extracts  silver  from  it,  leaving  a brown 
substani'e  still  containing  40  per  cent,  of  silver. 

According  to  Thaulow  (J.  pr.  Chem.  xxxi.  226),  cyanide  of  silver  when  heated 
gives  off  only  half  its  cyanc^en  (1  grm.  yielding  from  48  to  60  cub.  cent,  of  the  gas). 
The  residue  partly  amalgamates  with  mercury,  whence  it  appears  to  be  a mixture  of 
metallic  silver  and  paractfunidc  of  silver.  (For  further  details,  see  Gwm/iVs  Handbook^ 
xi.  371.) 

PAJEtAl>XOXTAXl!TXK.  C”n**0'. — A product  of  the  decomposition  of  digita- 
losiu  by  dilute  sulphuric  acid  (ii.  330). 

PAJtAX>XVHOSFBOXrXVX«COMFOXnn>8.  See  Phosphobus-bxsks. 

PAKA-£XiX»A.OXC  ACXD.  Syn.  with  Ki  noaixic  Actd. 

PAXtA.PPXBr.  The  colourless,  cry.stalline,  fatty  substance  known  by  (his  name  is 
the  solid  portion  of  the  mixture  of  oily  hydrocarbons  produced,  together  with  a variety 
of  other  substances,  in  the  dry  or  destructive  distillation  of  various  oi^iuic  l>odies,  and 
of  bituminous  minerals,  at  tempt'mtnres  not  exceeding  a low  red  heat.  It  also  occurs 
as  a constituent  of  many  varieties  of  |H>troleum  or  tnioeral  oil,  associated  with  liquid 
hydrocarbons  similar  to,  if  not  identical  witli,  those  contained  in  the  tar  produced 
by  deslnictivc  dUtillatiun.  Native  paraffin  in  a solid  state  occurs  ols4>  in  the  coal 
measures  and  other  bituminous  strata,  constituting  the  minerals  known  as  fossil-wax, 
hatchettin,  ozocerite,  &c.  As  a product  of  destructive  distillation,  it  was  discovered 
in  1830  by  Ueichenbach,  who  obtained  it  first  from  woo<l-tar;  then  from  animal 
tar,  and  lastly  from  coal-tjir  made  by  distillation  at  a temperature  below  full  red  heat 
Ah  a constituent  of  petrfdeum  it  was  discovered  about  the  same  time  by  Christison, 
who  obtained  it  from  Itangoon  petroleum,  and  described  it  under  the  name  of  petrcline. 
Ettling  also  obtained  it  by  di‘-tilling  w.ax  with  lime,  and  in  18'J3  Laurent  obtained 
it,  togetiier  with  liquid  hydrocarbons,  by  distilling  bituminous  shale  at  a temperature 
not  exceeding  a low  rn\  heat.  It  has  since  been  extracted  abundantly  both  from  the 
tar  ol)taine<i  by  distilling  coal,  bituminous  shale,  lignite,  and  pi's!,  at  a modenite  heat, 
os  Will  as  from  many  varieties  of  petroleum  or  mineral  oil,  and  its  preparation  now 
forms  a part  of  one  of  the  must  extensive  and  important  branches  of  manufacturing 
iudustiT. 

The  sul>stance  known  as  paraffin  does  not  possess  any  chemical  individuality,  but  is 
more  probably  a mixture  of  several  hydrocarbons,  just  in  the  same  manner  that  the 
liquid  oil  generally  associatfd  with  paraffin  in  petroleum,  and  always  produced  together 
with  it  in  destructive  distillation  Indow  full  heat,  is  a mixture  of  several  homo- 
logous hydrocarbons.  (See  pErrnoLKCw.) 

The  paraffin  of  commerce,  when  pure,  is  a solid,  colourless,  translucent  substance, 
perfectly  inodorous  and  tasteless,  somewhat  resembling  spermaceti.  It  has  a density 
of  about  0'870;  melts  at  from  46®  to  65®  C.,  forming  a colourleas  oil,  which  solidifies 
to  tv  lamino-riy'Hfnlline  mastJ,  It  boiks  alx>ut  370®,  and,  when  cautiously  heated,  vola- 
tilises without  much  decomposition.  It  does  not  absorb  oxygen  from  the  air  at  ordinary 
temj>er;tture8,  does  not  burn  easily  in  the  mass,  but  from  a wick  it  bnms  with  a very 
bright  flame.  It  jh  insoluble  in  water,  soluble  in  2 86  pts.  of  boiling  alcohol,  but 
sepanUes  completely  on  cooling  in  snow-white  needles,  which  are  soft,  friable,  and 
grea.Hy  to  the  touch.  It  is  much  more  soluble  in  rthf-r  and  in  oils.  It  is  but  slowly 
attackrd  by  strong  aidphuric  acid  even  at  temperatures  above  100®,  not  at  all  by  dilute 
nitric  acid  ; but,  when  heated  for  some  time  with  strong  nitric  acid,  it  is  stated  to 
yield  succinic  ac5<l  together  with  a small  quantitv  of  but^c  acid.  Chlorine  does  not 
act  upon  it  at  onlinary  temperatures,  but,  according  to  bolley  (Ann.  Ch.  Pharm.  cvi. 
230),  chlorine  passed  into  melted  paraffin  attacks  it  slowly,  forming  a hard  but  easily 
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fusible  substitution-product,  which  he  calls  cMorafin.  Altogether  paraffiu  is  a very 
stable  and  indifferent  substance : hence  its  name  (from  parum  affini^f). 

The  production  of  paraffin  and  of  the  liquid  hydrocnrlwns —known  by  the  names  of 
eupione,  photogm,  paraffin  oil,  &c. — which  accompany  it  in  the  tar  or  oily  product  of 
destructive  distillation,  was  shown  by  Heichenbacb  to  be  a constant  result  of  carbon- 
isation, or  the  decomposing  action  of  heat  upon  all  organic  substances  and  minerals  of 
organic  origin,  such  as  coal,  &c.  (Joum.  f.  Ch.  Phya.  lx.  280).  He  also  showetl  that, 
in  order  to  obtain  the  largest  possible  amount  of  these  products  from  any  particuhir 
material,  the  most  essential  condition  was  the  limitation  of  the  temperature  within 
such  a degree  that  the  vapour  of  the  products  resulting  from  carbonisation  should  not 
suffer  further  decomposition  of  such  n nature  as  to  give  rise  to  the  production  of  a 
large  amount  of  permanent  gaa,  naphthalene,  soot,  &c.  (Joum.  f.  Ch.  Phys.  Ixi.  182). 
The  extreme  limit  of  temperature  to  be  applied  in  the  destructive  distillation  of  coal, 
&c.,  for  the  purpose  of  obtaining  paraffin  and  the  oily  products  allied  to  it,  was  ascer- 
tained by  him  to  be  incipient  redness,  or  n low  red  heat,  beyond  which  tempemturt*  ho 
showed  that  a secondary  decomposition  of  those  products  of  true  curbonisatiou  took 
place  {ibid,  Ixiii.  229).  Consequently  he  pointed  out  that  the  precautions  to  be  observed 
in  conducting  destructive  distillation,  with  the  object  of  pro<luctiig  paraffin  and  those 
oils,  consisted  in  raising  the  heat  gradually,  and  never  allowing  the  sides  of  the  retort 
to  attain  a rt^l  heat  {ibid.  Ixi.  178,  Ixviii.  229). 

The  amount  of  jMiraffin  contained  in  the  tar  produced  by  destructive  distillation 
below  a full  red  heat,  is  always  very  small  in  proj>ortion  to  the  liquid  hydrocarbons 
mixed  with  it.  These  latter  often  constitute  from  70  to  80  per  cent,  of  the  crude  tar 
by  weight,  while  the  paraffin  rarely  amounU  to  6 per  cent.,  and  more  frequently  to  only 
1 or  2 per  cent.,  according  to  the  material  distilled.  This  crude  tar  ^so  contains  a 
pitchy  oil  heavier  than  water,  together  with  carbolic  acid  and  its  homologncs,  picoline, 
and  other  basic  oils,  &:c.  The  amounts  of  these  several  constituents,  and  of  hydro- 
carbons oontained  in  such  tar,  vary  very  twnsiderabJv  according  to  the  material  from 
which  it  is  obtaiucil,  and  determine  its  value  for  the  purpose  of  the  refiner.  The 
physical  characters  of  such  tar  also  differ,  acionling  to  the  proport  ions  of  these  con- 
stituents; sometimes  it  is  quite  solid — peat-tar — more  generally  it  is  liquid  at  the 
ordinary  temperature,  or  at  most  thick — shale-tor,  coal-tar.  Its  specific  gravity  varies 
from  upwards  of  O’OOO  to  0'840. 

The  tar  thus  obtained  from  shale  or  coal  differs  essentially  in  every  respect  from  the 
tar  obtained  in  the  ordinary  process  of  gas  making,  in  which  tlie  coal  is  subjected  to  a 
bright  red  heat,  tliough  some  kinds  of  tar  from  gas-works,  in  winch  the  richer  caiinel 
(‘o.'ils  are  used,  not  unfr<‘quently  contain  paraffin  and  probably  some  paraffin  oil,  which 
liave  escapi-d  decomposition  by  reason  of  the  abundance  of  vohitile  products  given  off*. 
In  such  tar.  however,  these  sul>stance8  are  always  mixed  with  naphthalene,  homologues 
of  benzol,  jiitch,  &c.,  so  that  they  cannot  be  conveniently  separated  from  these  latter  and 
purified.  (See  Tab.) 

Tile  composition  of  paraffin  from  several  sources  is  shown  in  the  following  table:  a. 
From  Bt>ghe.id  coal;  melting  at  455®,  and  solidifying  after  fusion  in  a ctystallino 
nia«s.  — A.  From  the  same;  melting  at  62®,  solidi^ing  in  a granular  mass. — c.  From 
Rangoon  tar;  melting  at  61®. — d.  From  peat;  meltingat  46'7®.— r.  From  Chinese  wax, 
crroltne  (i.  836)  ; melting  at  57®  or  68®.— y.  From  beeswax,  nulcne  (iii.  868);  melting 
at  6i®. 


Ar>'t^r»OTi  • 


Carbon  85*1  850  to  86-3  85io  84  05  8523  84  60  85  20  85  31 

Hydrogen  15T  to  15'3  15  4 16  29  15  05  15T6  14  39  U'23  14  44 

Paraffin  has  been  usually  regarded  as  an  olefine  or  mixture  of  olefines  of  high  atomic 
weight ; but  the  formula  of  these  bodies  C“H*"  requires  85*71  percent,  carbon,  which  is 
considerably  above  that  in  most  of  the  preceding  analyses.  The  analytical  results  are 
in  fact  more  nearly  represented  by  Uie  formula  of  one  of  the  higher  homologues  of 
marsh-gas,  for  example,  requiring  85*2  per  cent,  carbon,  which  agrees  exactly 

with  the  second  of  Brodie’s  analyses  of  cerotenc  or  Chinese  wax  paraffin,  and  C***]!** 
requiring  86*3  percent,  carbon,  w hich  agrees  with  the  analysis  of  nieleuc  or  the  paraffin »»f 
common  bees-wax.  Henco  it  is  more  probable  that  paraffin  is  a horaologue  or  mixfuro 
of  several  homologuc-s  of  marsh-gas  of  high  atomic  weight.  This  viewof  its  const  it  at  ion 
is  also  in  accordance  witli  its  chemical  indifference,  tho  alcoholic  hydrides  OH®"** 
U'ing  especially  characterised  by  the  feebleness  of  their  combining  tendencies.  These 
hydrides  when  tnattHl  with  chlorine  do  not  unite  with  it  like  the  olefines,  but  yield 

* Hrp.  Brit.  Xoticel  and  Abftrscti.p.  49;  JAhretb.  18A7,  p.  4S0. 

t mul.  Mug.  [3]  xxxiii.  I7<<. 


Digitized  by  Google 


344 


PARAFFIN. 


nubititution-prodactBf  which  in  likewise  the  case  with  the  paraffin  examined  by  Bolley 
{vid.  sup.)  and  with  Brodie's  cerotene  and  mclene.  Moreover,  paraffin  appears  to  be 
cloeely  ndated  to  the  hydrocarbons  C*1I****  in  its  mode  of  formation ; it  is  associated 
with  these  bo<lies  in  i>ctroleum,  especially  in  that  of  Pennsylvania,  which  has  been 
shown  to  contain  the  whole  series  from  marah>gas  np  to  solid  hydrocarbons  (paraffins) 
of  very  high  atomic  weight  (iii.  181);  and  in  the  decomposition  of  coal,  &c.,  the  con* 
(iitinn  most  favourable  to  the  production  of  paraffin,  namely,  distillation  at  a oompara* 
tively  low  temperature,  is  likewise  that  which  yields  the  hydrides  of  ethyl,  amyl, 
in  largest  quantity.  For  all  these  reasons  it  is  most  probable  that  paraffin  is  an 
iilcoholic  hydride  or  a mixture  of  aevcral  alcoholic  hydrides  of  the  marsh>gas  scries 

I’araffin  is  susceptible  of  several  useful  applications.  As  it  bums  with  a bright 
flame,  and  is  very  hard  when  its  melting  point  is  above  45'^  0.,  it  makes  excellent 
caudles.  It  is  also  lai^ely  used  as  a substitute  for  sulphur  for  dipping  matches,  and 
I)r.  Stenhouse  has  patente<l  its  application  to  woollen  cloths  to  increase  their  strength 
and  make  them  waterproof.t  More  extensive  however  are  the  uses  of  the  oils  produced 
simultaneously  with  solid  paraffin  by  the  distillation  of  coal,  at  low  temperatures, 
und  existing  with  it  in  petroleum.  These  oils,  doubtless  consisting  in  great  part  of 
members  of  the  paniffin  or  roareh-gas  stTies,  differ  greatly  in  density  and  boiling  point, 
us  met  with  in  commerce  under  the  names  of  eupione,  pWogen,  paraffin  oil,  solar  oil, 
&c. ; some  of  them  hold  pamffin  in  solution  and  deposit  it  at  low  temperatures.  They 
arc  extensively  us(*d  for  burning  in  lamps,  and  to  some  extent  for  lubricating 
mHchineiy. 

The  more  volatile  of  these  oils  haring  a density  of  0 800  to  0 830  are  peculiarly  well 
adspttxl  for  artitieial  illumination,  as  they  cousiKt  of  hydrocarl>on8  free  from  oxygen, 
and  therefore  proiluce  flame  rich  in  incandescent  carbon.  Hence  with  a proj>erly 
regulated  supply  of  air,  these  oils  produce  a more  brilliaut  light  than  that  obtained  by 
the  consumption  of  an  equal  amount  of  animal  or  vegetal  oils  which  generally  contaiu 
a considerable  amount  of  oxygen. 

The  least  volatile  of  these  oils  which  have  a density  above  0'860  would  be  safer  than 
many  of  the  fat  oils  in  use  far  lubricating,  inasmuch  as  they  do  not  absorb  oxygen,  and 
consequcutly  cannot  undergo  spontaneous  combustion  when  smeared  on  cotton  waste; 
but  unfortunately  these  oils  gcnerallv  possess  but  little  body,  and  are  theri'fore  far  less 
efficient  lubricants  than  fat  oils,  so  that  they  can  only  be  used  when  mixed  with  the 
latter.  In  this  way  however  thry  are  very  serviceable  in  rendering  fat  oils,  like  rape 
and  cotton-seed  oils,  Jwhich  become  gummy  by  exposure  to  air,  more  suitable  for 
use  as  lubricants  than  they  would  be  alone.  The  presence  of  paraffin  dissolved  in 
these  hydrocsirbon  oils  has  wen  erroneously  stated  to  render  them  good  lubricants ; but 
that  is  not  the  case,  in  fact  the  pn'sence  of  paraffin  is  rather  a disadvantage  thsn  other- 
wise, since  the  oils  containing  it  are  liable  to  solidify  on  tbo  journals  of  machinery  at 
temperatures  little  below  6U®F. 

Prrpcration  of  parafin. 

1.  From  icood-tar. — Reichonbach  extracted  paraffin  from  wood-tar  by  distilling  It 
and  collecting  apart  the  denser  portion  of  the  oil  which  passed  over  towaras  the  ena  of 
the  0|>eration,  redistilling  this  and  collecting  the  distillate  in  separate  fractions.  On 
cooling  the  lea'll  volatile  portion  of  this  distillate,  paraflSn  crvstnllised  out  in  scales 
which  could  be  separated  by  filtration  and  freed  from  adhering  oil  by  pressure 
between  folds  of  unsized  paper.  Or  this  portion  of  the  distillate  was  shaken  with  six 
or  eight  times  its  bulk  of  alcohol  (36®  Beaume,  85  per  cent.)  whereby  the  liquid  oil 
was  dissolved  and  a thick  mass  of  paraffin  scales  precipitated,  which  were  collected  on 
a filtcr-cloth,  washed  with  alcohol  until  almost  colourless,  and  then  crystallised  from 
solution  in  boiling  alcohol.  (Juurn.  f Ch.  I’hys.  lix.  437.) 

2.  From  coal-tar,  in  the  production  of  which  the  necessary  precautions  as  to 
temperature  and  gradual  heating  had  been  observed,  Reichenbach  extracted  paraffin 
by  distilling  the  crude  coal-tar,  and  collecting  the  thick  oil  constituting  the  second 
half  of  the  distillate,  apart  from  the  more  volatile  thin  liquid  oil  forming  the  first  half 
of  the  distillate.  By  exposing  this  least  volatile  portion  of  the  coal-tar  oil  to  a winter 
temperature,  paraffin  crystallisiil  out  in  laminjc,  and  after  separating  a farther  portion 
of  oil  by  another  fractional  distillation,  solid  paraffin  was  obtained  by  treating  the  thick 
honey-like  portion  distilling  over  last  with  alcohol  as  above  described.  To  purify  this 
paraffin  it  wsis  agitate<l  for  a time  with  al>out  twice  its  bulk  of  concentrated  sulphuric 
acid  at  from  90®  to  1 00®  C.,  after  which  the  paraffin  separated  on  the  surface  as  a colour- 

* Th*  word  ** *  esraffin  **  might  be  coorenlently  tiled  a generic  name  for  the  hydrocsrboni  of  this 

i'Tiet,  being  celled  rnnhytic  /Nxrt^ln  • hydride  of  ethyl,  ethytie  parnfftn  ,*  Brodio’i  cerotent, 

Kcrotic  paraffin,  ke. 

t Spwlflcatiooi,  16^3,  Nox  M and  ISO. 
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leiW  liquid  which  solidified  on  cooling.  This,  after  ciTStallisation  from  alcohol,  was 
considered  by  Beichenbach  to  be  pure  paraffin,  eo  far  as  the  state  of  chemistr}'  at  that 
time  permiltt-d  him  to  judge  (Joum.  f.  Ch.  Phys.  Ixi.  274-277,  279).  A more  easy 
method  of  extracting  paraffin  recoramendetl  by  Beichenbach  consisted  in  separating 
the  liquid  oil  and  concentrating  the  paraffin  as  far  as  possible  by  repeated  frictional 
distillation,  then  shaking  the  semi-solid  mixture  of  oil  and  paraffin  with  from  one  fourth 
to  one  half  its  bulk  of  concentrated  sulphuric  acid,  addtnl  in  successive  small  j>ortions, 
and  digesting  this  mixture  at  60®  C.  until  paraffin  separated  on  the  surfoce,  or  else  dis- 
tilling it.  (Journ.  f.  Ch.  Phys.  Ixi.  283-287.) 

Manufactart  of  Puraffin  Oil  and  Paraffin. — Although  the  application  of  oily  pro- 
ducts of  destructive  distillation  for  lighting,  lubricating  and  other  purposes  had  been 
attempted  and  to  some  extent  practised  long  before  the  discovery  of  paraffin  and 
Reichenbach’s  elucidation  of  the  conditions  essential  for  the  production  of  these 
substances,  still  it  was  not  until  after  this  period  that  their  manufacture  was  prosecuted 
with  any  kind  of  scientific  basis.  Very  soon  after  that,  however,  attempts  were  nmde 
tt)  introduce  the«»  products  into  commerce,  and  to  apply  them  to  the  purposes  for  which 
they  were  so  evidently  suitcil.  The  chief  desideratum  was  a material  which  was  cajv 
able  of  yielding  a stifficient  amount  of  oil,  &c.,  to  be  worked  pemuncraiively.  The 
materials  which  have  chiefly  been  employed  or  tried  for  this  purpose  are  the  following. 

1.  Bituminous  shalr. — The  first  step  in  the  industrial  application  of  Beichenbach  s 
results  was  made  in  1830  by  Aug.  Laurent,  who  suggested  the  working  of  the  bitu- 
minous shale  in  the  Autun  coal-measures  os  a source  of  paraffin  and  oil  for  burning 
in  lamps.  This  shale  yielded,  when  gradually  heatiHl  to  a low  red  heat,  about  twenty 
or  twenty-five  gallons  of  tar  or  crude  piaruffin  oil  per  ton,  containing  a small  amount  of 
solid  paraffin.  By  fractional  distillation  the  tar  was  separable  into  light  burning  oil, 
thick  oil  for  lubricating,  paraffin  and  pitchy  residuum,  and  these  several  products  were 
purified  by  successive  treatment  with  sulphuric  acid  and  caustic  soda.  Several  works 
were  established  in  that  district,  and  at  the  Paris  Industrial  Exhibition  in  1839,  the 
proilucts  manufactured  there  by  Sell  iguo  were  shown,  viz.:  1.  Crude  oil  or  shale-tar. 
2.  Volatile  spirit.  3.  Oil  for  burning  in  lamps.  4.  Grease  for  machinery.  6.  Tar- 
gressi',  6.  Paraffin  ciy’stallised,  and  paraffin  candles.  This  manufacture,  though  it 
has  bt^en  continued  more  or  less  up>  to  the  present  time,  did  not  attain  any  great  im- 
portance, partly  from  the  want  of  efficient  methods  of  purifying  the  oil,  and  of  suitable 
lamps  for  burning  it,  partly  also  from  the  remote  situation  of  Autun,  and  the  small 
amount  of  oil  which  the  shale  was  capable  of  yielding.  Since  then  bituminous  shalo 
has  been  worked  at  other  places,  as  for  instance  at  ‘Wareham  in  Dorsetshire;  but  tho 
small  amount  of  pnxluce  has  always  been  an  obstacle,  especially  while  richer  materials, 
to  bo  mentioned  presently,  were  worked  under  special  advanlaj^s,  and  while  tho  copious 
supply  of  petroleum  from  America  continued.  But  now  that  these  conditions  are 
changed,  bituminous  sliale  yielding  about  the  same  average  produce  as  tho  Autun  shale 
is  being  worked  with  considerable  advantage  in  Scotland. 

2.  Pitroleum,  which  generally  contains  paraffin-oil  and  paraffin  ready  formed  as  con- 
stituents of  it,  was  the  first  material  which  was  successfully  worked  fortbcmanufiicture  of 
hydrocarbon  oil,  chiefly  for  lubricating  and  to  some  extent  for  burning.  About  the  year 
1817,  Mr.  James  Young,  then  of  Manchester,  obtained  the  right  of  working  a spring  of 
dense  pet rulciira  (specific  gravity  0*900)  which  had  been  discovered  in  a Derbyshire 
coal  mine,  and  he  succeeilcd  in  rendering  it  arailable  during  a period  of  two  or  three 
years.  In  1854  a patent  (No.  2,719)  was  granted  to  Mr.  Warren  De  La  Rue  for 
the  manufacture  of  paraffin  and  other  hydrocarbons  from  petroleum.  Tho  raw  ma- 
terial which  he  used  was  tho  Rangoon  tar  already  described  (p.  3).  This  substance  is 
submitted  to  a cum  nt  of  steam  in  a capacious  still  which  can  also  be  heated  externally. 
The  more  volatile  |>ortion  then  distils  over,  and  is  afterwards  separated  by  rectification 
in  a similar  apparatus  into  products  differing  in  volatility.  Tho  last  portions  of  the 
residue  arc  then  raised  to  a higher  point,  while  superheated  steam  is  passed  through  it. 
The  last  portions  of  this  s^'cond  distillate  are  very  rich  in  paraffin,  which  is  separated 
as  far  as  posstblo  by  cooling  and  filtration.  It  is  then  submitted  to  pressure,  and  is 
finally  purified  by  admixture  with  sulphuric  acid  at  100®  C.,  washing  with  soda-ley,  and 
distillation.  The  heavy  oils  separated  fi^>m  tho  puraffin  are  said  to  be  well  adapted 
for  lubrication.  The  proportion  of  the  several  pitxlucts  obtainoble  in  this  manner 
from  Rangoon  tar  has  been  alraady  given  under  Naputiia  (p,  3).  This  Rangoon  petro- 
leum was  largely  worked  until  about  the  year  1860,  when  enormous  quantities  of  petro- 
leum Ix^gan  to  W importixl  from  Americn,  and  for  a lime  almoe>t  superseded  every  other 
source  of  .supjdy  (sec  pKTUoLBrM).  These  supplies  are  now  rapidly  decreasing. 

4.  Ptat. — Al>out  1849  an  attempt  was  made  on  a largo  scale  in  Ireland  to  obtain 
paraffin-oil  and  paraffin  by  the  diMillution  of  peat,  but  tho  yield  of  crude  oil,  not  more 
than  two  gallons  per  ton,  was  too  small  to  be  remunerative.  Certain  kinds  of  peat  have 
however  been  worked  successfully  on  the  Continent  and  in  the  Hebrides.  At  the  latter 


346 


1>ARAFFIN. 


piftco  as  much  as  to  ten  gallons  uf  refined  oils  and  paraffin  were  obtained  ftt>m  the 
ton  of  A serious  obstacle  to  the  working  of  this  material  is  the  strong  dis- 

agreeable smell  of  the  oil  obtained. 

4.  Lignite. — This  material  has  been  largely  used  on  the  Continent  for  the  manuf.tc- 
ture  of  paraffin-oil  and  paraffin.  About  tlie  year  1860  works  were  established  at  Ih-ul 
opposite  Bonn  on  thelthiue,  and  at  Weissenfelsfp.  344).  The  process  is  fully  descril>ed  in 
Hofmann’s  Report  on  Chemical  Products  and  l*rocej«es  in  the  International  Exhibition 
of  1862.  The  prwluctK  obtained  in  the  final  rectification  are:  a.  Volatile  oils  called  pho- 
togen,  and  solar  oils  u«w'd  for  illuminating ; 6.  Paraffin ; r.  A volatile  spirit  called  benzol  ;• 
d.  P^iol  or  CarhoHc  acid  obtained  as  a bye-produet  by  treating  the  oils  with  caustic 
soda  in  their  purification,  and  neutralising  the  alkaline  liquor  with  sulphuric  acid. 

ITie  liquid  called  *•  j>hotogen”  is  a volatile  oil,  which,  in  properly  constructed  lamps, 
gives  a light  equal  to  that  of  gas,  and  bums  very  oconomic^ly.  The  first  quality  has 
a specific  gravity  of  0 785  to  0 795,  and  is  ns  clear  ns  water.  The  second  quality  is 
rather  yellow,  and  has  a specific  gravity  of  0'805.  The  third  quality,  called  “ solar  oil,’’ 
is  yellow,  has  a sptNrific  gnivity  of  0 836,  and  is  used  for  tho  illumination  of  rooms, 
streets,  railway  carriages,  and  locomotives. 

The  purification  of  the  crude  pariffin,  separalinl  by  refrigeration  from  tho  paraffin 
oil,  is  commenciHl  by  placing  it  in  centrifugal  machines,  by  which  a further  quantity  of 
thick  oil  is  ex{>eU(Hl.  The  mass  thus  obtained  is  then  cast  into  cakes,  and  submitted 
to  hydraulic  pressure,  first  in  the  cold,  aflcrwanls  with  application  of  a gentle  heat. 
The  object  of  this  hist  operation  is  to  remove  all  hydrocarbons  having  a lower  melting 
point  tnan  40®  C.  (104®  F.).  For  this  pur|s>so  there  ar'  placed  on  the  horizontal 
prc^*«^  betwr  en  each  pair  of  paraffin  cakes  hollow  plates  through  which  water  of  35® 
— 40®  C.  (96® — 104®  F.),  is  made  to  flow.  In  this  way  the  hydrocarbons  in  question 
are  fused  and  sque<‘ze<l  out.  The  pressetl  j>arnffiu  is  then  heatt*d  to  150®  C.  (302®  F.), 
either  over  a fire  or  by  means  of  steam,  and  the  melted  mass  is  mixed  with  2 j>er  cent, 
of  strong  sulphuric  acid,  by  means  of  which  all  the  hydrocarbons,  not  being  paraffin, 
arc  carlHiniKc<l,  while  the  pure  paniffin  remains  unaltered.  The  latter  is  then  carefully 
washetl  with  hot  wafer,  and  mixed  uRer  cooling  with  the  best  colourless  photogen,  and 
introduced  into  irr>n  jacket-cylinders,  in  which  it  can  be  kept  wrarm,  and  where  it  is 
filtered  through  animal  cliarcoal.  The  f*,iraffin  is  thus  rendered  white,  and  may  bo 
completely  scnaratjtl  from  photogen  by  treatment  with  slightly  snperbeated  steam. 
The  parafiin  thus  obtaine<l  is  perfectly  colourless,  and  beautifully  trausluceut ; it  melts 
at  60®  C.  (140°  F.),  and  is  so  hard  that  candles  made  of  it  are  said  not  to  bend  w hen 
exposed  to  a temi>eralure  of  30®  C.  (86®  F.). 

6.  Coal. — The  coal  from  which  Reichenbach  obtained  paraffin  oil  and  paraffin  was 
the  kind  commonly  used  as  fuel  and  capable  of  yielding  only  a small  nmount  of  lar  by 
distillation  at  a low  red  heat,  probably  not  more  than  ten  gallons  from  the  ton.  For  this 
iS'n.Hon  alone  it  would  have  be<*n  im|>08sible  to  employ  such  a material  as  u source  of 
these  products,  especially  at  that  time.  Vurietii**  of  coal  and  similar  minerals  have 
however  been  discovered  since  then,  some  of  which  are  capable  of  yielding  as  much  as 
100  gallons  of  crude  birj^cr  ton,  A mineral  of  this  kind,  somewhat  approximating  to  coal, 
or  rather  intermediate  Wtween  bituminous  shale  and  what  was  commonly  known  as  coal, 
occurs  near  Bathgate  in  Scotland,  and  was  being  introducinl  for  gas-making  uudi^r  the 
name  of  Boghead  gas  coal  or  Canncl  coal,  just  about  the  time  w’hcn  the  stoppage  of 
the  potrolcura  spring  al)ove  mentioned  c*)mpclled  Mr.  Young  to  seek  another  source  of 
supply  for  the  manufacture  of  lubricating  and  burning  oil.  After  having  made  many 
trials  of  different  kinds  of  c»>al  which  did  not  yield  by  distillation  a sufficient  amount 
of  oily  pnxlucts  to  l>c  worked  advantageously,  or  a tar  of  such  a character  as  is  suitable 
for  this  purpose.  Mr.  Young  fortunately  Ixcame  acquainted  with  the  Boghead  or  Tor- 
biinehill  mineml  in  1850,  and  finding  it  to  yield  Ijy  distillation  an  unusually  large 
mnoimt  of  |viraffiu-oi!,  he  at  once  obtained  a patent  (No.  13,292)  for  a method  of  “ treat- 
ing bituminous  coals  to  obtain  paraffin  and  oil  containing  paraffin  therefrom,*'  which 
consisted  in  distilling  them  in  an  iron  retort  "gradually  heated  up  to  a low  red  heat,” 
and  kept  at  that  leniperature  until  volatile  products  ceased  to  come  off.  Under  the 
protection  of  this  patent  he  has  since  develoj>ed  this  manufacture  into  a highly  impor- 
tant bmneh  of  industrj’.  f)wing  to  the  exceptional  richness  of  the  Boghead  miner^  as 
a source  of  paraffin  oil,  it  was  for  a long  time  impossible  to  compete  with  it  by  working 
bituminous  shale  yielding  only  al>out  twenty  gallons  of  crude  tar  per  ton,  although  that 
materia!  was  not  comprised  under  the  patent,  and  up  to  the  year  1860  no  other  ma- 
terial wa.s  known  which  could  lie  used  for  this  purp<Hie  with  the  same  advantage  as  the 
Boghead  mineral.  Cousequcntlv  it  wa.s  the  only  material  used  until  the  Leeswood 
canncl  was  discovered  near  MolJ  in  Flintshire,  a true  canncl  coal  which  yields  nearly 

* The  liauid  known  bjr  this  naroc  is  not  the  bensoi  nhuined  from  aas-Ur  naphtha,  but  a mixture  of  the 
lower  hjrdrldes  Itnmologous  with  Tnarih-gas  or  that  portion  of  the  oil  « hich  is  too  rolattle  for  bumlof  tn 
lamps  with  safety. 


Digitized  by  Google 


PARAFFIN.  347 

ns  much  oil  as  the  Boghearl  mineral,  and  which  has  since  been  largely  worked  for  the 
production  of  paraffin  oil  and  paraffin. 

In  the  manufacture  of  thene  products  by  the  distillation  of  coal,  dtc.,  it  is  veir  im- 
portant, for  the  reasons  abore  stated,  to  prevent  the  heat  from  rising  above  low  redness, 
since  at  higher  temperatures  a considerable  portion  of  the  liquid  pr^ucts  are  converted 
into  permanent  gns. 

The  following  is  a list  of  the  principal  memoirs  relating  to  paraffin  and  allied 
matters,  arranged  chronologically : — 

1830.  Reichen  bach.— Preparation  of  paraffin  by  the  dry  distillation  of  wood;  its 
properties.  «7.  lix.  436;  Ixi.  273;  liii.  129. 

1832.  Ettling. — Formation  of  paraffin  by  the  dry  distillation  of  wax.  Ann.  CA. 
Pharm.  ii.  253. 

1835.  Laurent. — Occmrcnco  of  paraffin  in  the  products  of  the  distillation  of 
bituminous  shale.  Ann.  Ch.  Pharm.  xv4.  273. 

1848,1850.  Brodie. — Paraffin  from  beeswax  and  Chinese  wax.  Ann,  Ch.  Pharm. 
Ixrii.  210;  Ixxvi.  156. 

1849.  Reece.— Preparation  of  paraffin  by  the  drj-  distillation  of  peat.  TV/nrs,  July  28, 

1S49  ; Dingl.jHd.  J.  cxiii.  237,  317. 

1850.  James  Young. — Specification  of  patent  for  treating  bituminous  coals,  to 

obtain  paraffin  and  oil  containing  paraffin  therefrom  (No.  13,292). 

1851.  Ka  ne,  Sullivan  and  Gages. — The  nature  and  products  of  the  process  of  the 

destructive  distillation  of  peat.  Museum  of  Irish  Industry ; lieport  to 
Chief  Ojonmi$9umtr  of  Woo^. 

1852.  Reichcnbach. — Purification  of  crude  paraffin  by  distillation  with  sulphuric 

acid.  Jahrbuch  d.  K\  k.  gcolog.  Rdchsanstalt,  iii.  No.  2,  p.  30. 

1853.  W.  Brown.— Preparation  of  volatile  products,  especially  paraffin,  from  coals 

and  bituminous  sulwtanees.  Chem.  Gaz.  1853,  p.  476. 

1854.  Warren  D©  La  Rue. — Sj>ecification  of  patent  for  the  manufacture  of 

paraffin  and  hydrocarbons  from  petroleum  (No.  2,719). 

1855.  Wagenmann. — Manufacture  of  paraffin  and  volatile  hydrocarbons  from  coal 

and  bituminous  shale.'  Dingl.  poL  J.  cxxxvii.  36. 

1855.  Angerstein. — Preparation  of  similar  products  from  inferior  kinds  of  lignite 
or  peat.  Dinql.  pot.  J.  cxxxvii.  49. 

1855.  Fresenius. — Kxaminatioo  of  certain  lignites  from  the  Westerwald,  with 
respect  to  the  products  which  they  yield  by  dry  distillation.  Dingl.  pol,  J. 
cxxxviii.  129. 

1855.  Engolbach. — Products  of  the  distillation  of  bituminous  shale  from  Werther, 
near  Bielefeld.  Dingl.  pol.  J.  cxxxviii.  380. 

1855.  Ih  Schroder. — Pnxl'ucts  of  tho  di^itillation  of  tlio  bituminous  shale  of 
Bruchsal.  Diugl.  jutl.  J.  cxxxviii.  437. 

1855.  Kurmarsch. — illuminating  power  and  value  of  parafiin-candles.  Dingl. 

pd.J.  cxxxviii.  188. 

1856.  II.  V ohl. — Onthepro<IuctsofthedistilktioDofRhenish8halo(J?/fl7frrscAfr/<T), 

various  kinds  of  lignite  and  peat.  Ann.  Ch.  Pharm.  xcvii.  9 ; xcviii.  181. — 
Dingl.  pol.  J.  cxxxix.  216  ; cxl.  63. — J.  pr.  Chtm.  Ixvii.  418 ; Ixviii.  504. — 
Ch^m.  Centr.  1856,  pp.  342,  455. 

1856.  C.  M iiller. — Prcxlucts  of  the  distillation  of  Hgnito  from  the  neighbourhood  of 
.•Vussig  in  Bohemia.  ZciUchr.  Pharm.  1856,  p.  90. 

1856.  P.  Wagenmann. — On  the  amount  of  paraffin,  4c.,  obtained  from  various  kinds 

of  j>eal,  lignite,  and  shale  (p.  345).  Dingl.  pol.  J.  cxxxix.  293. — On  the  pre- 
paration of  photogen  and  paraffin  from  peat  and  lignite  by  distillation  in 
furnaces.  Dingl.pol.J.  q\\.  Chim.  Centr.  1856,  p.  699. — On  paraffin 
aud  photi>gen  in  general.  Vinyl,  pol.  J.  cxxxix.  302. — On  the  distillation  of 
p-aniffin  oil  and  photogen  in  vacuo.  Dingl.  pol.  J.  cxxxix.  43 ; Chem.  Centr. 
1856.  p.  97. 

185G.  Bellford. — Apparatus  for  obtaining  paraffin  and  mineral  oil  from  shale  and 
other  bitunjinous  substances.  Repertory  of  Patent  Inventions^  Aug.  1850; 
Dingl.  pol.  J.  cxxxix.  42. 

1857.  Process  (patented  in  the  name  of  A.  V.  Newton)  for  obtaining  oil  adapted  for 

illumination,  from  lignite  and  bituminous  sh^e,  by  the  distillation. 
Repertory  of  Patent  Inx'entions^  Jan.  1857  ; Dingl.  pol.  J.  cxxxix.  42. 

1857.  Vohl. — On  the  preparation  and  purification  of  solid jind  liquid  distilled  pro- 
ducts adaptcfl  for  illumination,  from  mineral  substances,  Ann.  Ch.  Pharm. 
ciii.  283.^ — On  the  quantities  of  photogen,  paraffin,  &c.,  obtained  from  the 
lignite  of  tho  Rhon.  Dingl.  pol.  J.  cxliii.  363  ; from  the  peat  of  Rostockiiia 
in  Russia,  ibid,  cxliv.  4 U ; aud  from  the  Posidonienschiefer  of  Wurtemburg, 
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ibid.  cxlv.  47. — Report  on  the  quantities  of  Tolatile  illuminatioff  materials  ob- 
tainable from  rarious  bituminous  materials,  ibid.  cxlr.  61.— >§imilar  reporta 
by  P.  Wagenmann,  ibid.  cxlv.  309;  and  C.  MuUor,  ibid,  cxlri.  210. 

1857-  B.  lliibnerand  R.  Korkel. — On  the  quantities  of  light  and  hea^  oils, 
paraffin,  obtainable  from  various  kinds  of  coab  Dingl.  pot.  J.  cxliii.  143 ; 
Cfum.  Centr.  1857,  p.  130. 

1857.  Th.  Engelbach. — Oeneml  view  of  the  products  of  the  distillation  of 
mineral  substances,  &c.,  as  illuminating  materials,  and  espociallj  the  bitumin- 
ous sand  of  Heide  in  Holstein.  ^«w.  Ch.  Vharm.  ciii.  1. 

1857.  B.  Htibner. — On  the  industrial  working  of  lignites  for  the  preparation  of 
photogen,  paraffin,  &e.  Diiujt.  p<d.  J.  cxlvi.  211,  418. 

1857.  Orth. — Illuminating  p<jwer  of  schist-oils.  iHuffi,  poi.  J.  cxliv.  398. 

1858.  V ohL — Further  comraunicutions  respecting  the  preparation  of  paraffin,  and  the 

utilisation  of  the  .•w  condory  products  obtained  in  its  manufacture.  Ann.  Ch. 
rharm.  evit  46. — In  abstract,  t(^ether  with  the  results  of  previous  communi- 
cations. J.  nr.  Chfm.  Ixiv.  289;  lifp.  Chim.  app.  {.  37. 

1868.  C.  Sprongel.  L.  Unger. — On  the  drj'  dbtillation  of  lignite  and  other 
bituminous  minerals.  Dhujl.pd.  J.  cxlix.  220,  458  ; cl.  130. 

1858.  Vohl. — Examination  of  Burmese  naphtha  or  Rangoon  tar  as  a raw  material 
for  the  preparation  of  photogen  and  panvffin.  Dingl.  pol.  J.  cxlvii.  374. — J. 
Barlow.  On  the  treatment  of  this  mine  nil  oil  for  obtaining  a paraffin-like 
substance  {Bthno7t(in),  liquid  hydrocarbons  fit  for  illumination,  &c.  Cosmos^ 
xii.  613. 

1858.  Vohl. — On  two  illuminating  muterials,  viz.  P»‘wo/in  (a  product  of  the  distilla- 

tion of  American  pinc-resin),  and  Oltone  (a  product  of  the  lime-salts  of  fatty 
acids,  obtained  by  precipitating  waste  soap-liquor  with  chloride  of  calcium, 
with  addition  of  a small  quantity  of  quicklime).  £>ingl.  pot.  J.  cxlvii.  304. 

1859.  Hiibner. — Further  contributions  to  the  manufacture  of  photogen,  solar  oil  and 

paraffin,  from  lignite.  Dingt.  pol.  J.  clL  119. 

1859.  n agenmann. — New  raw  materi.ils  for  tKT'  preparation  of  photogen  and 
paraffin,  occurring  in  Scotland.  Vingl.  pot.  J.  cli.  116. 

1859.  Vohl. — Examination  cf  various  bituminous  materials  with  respect  to  their 
upplicabilify  to  the  preparation  of  illuroinuting  mau^rials.  THngLpol.  J.  clii. 
306,  390;  cliii.  328;  Ann.  CH.  Pharin.  cix.  182;  J.  pr.  Chnn.  Ixxvii.  206; 
Chem.  Centr,  1859,  pp.  .186,  490,  617  ; lUp.  Chim.  ajp.  i.  292. 

1859.  J.  E.  Hess. — Amount  of  photogen  obtained  from  a peat  occurring  in  Anhalt. 

Dingl.pol.  J.  cliii.  380;  Chim.  Ctntr.  1860,  p.  164. 

1859.  C.  Hasse.— -On  illuminating  materials,  &e.,  obtained  by  the  distillation  of 
Gallician  petroleum.  Dingt.  pol.  J.  cli.  445  ; Dip.  Chim.  app.  i.  292. 

1859.  J.  Mitchel. — On  the  purification  of  paraffin.  Drp.  of  Pateni  Invtniions,  April 
1859,  p.  300;  Dingt.  pol.  J.  cbi.  160. — Kernot, — On  the  same.  London 
Journal  of  Arts,  Sept.  1869,  p.  160;  Dingt.  pot,  J.  cliv.  64. — C.  G.  Muller. 
— On  the  same.  Dingt.  pol.  J.  cliv.  227. 

1859.  F.  C.  Calvert. — On  the  variations  in  the  composition  of  coal-tar,  according  to 

the  kind  of  coal  from  which  it  is  obtained.  Compt.  rend.  xUx.  262 ; Jahre$b. 
1869,  p.  742. 

18.59.  AntiselL — The  manufacture  of  photogenic  and  hydrocarbon  oils  from  coal 
and  other  bituminous  substances  capable  of  supplying  burning  fluids.  New 
York  and  London ; notice  of  tlic  same  by  F.  if.  Storer.  Silt.  Am.  J.  [2] 
XXX.  112,  254. 

1860.  L.  Unger. — On  the  composition  and  occurrence  of  lignites,  especially  adapted 

for  the  piYxiuction  of  tar,  and  on  the  treatment  of  the  tar  for  obtaining 
paraffin,  photogen  and  solar  oil  Dingt.  pol.  J.  civ.  41  ; Chem.  Centr.  1860, 
p.  615. — On  the  qualitative  and  quantitative  differences  in  the  tar  obtained 
from  lignite,  accoMing  to  its  struct  uro  and  mode  of  occurrence.  Dingt.  pol.  J. 
clviii.  222  ; Dip.  Chim.  app.  iii.  240. 

1860.  H.  Porntz. — Description  of  the  ndort  furnaces  (for  heating  limitc)  in  the 
photogen  and  paraffin  factory  of  Wilhelmshutte  near  Oschersche^n.  DingL 
pol.  J.  civ.  66. 

I860.  C.  Zincken. — On  the  illuminating  power  of  the  products  of  the  distillation  of 
lignite,  &c.  Dingt.  pol.  J.  civ.  128,  216. 

1860.  Durooulin  and  Cotelle. — On  a method  of  rendering  heavy  coal-tar  oil 
adapted  for  illumination.  Chr?n.  Centr.  1860,  686. 

1860.  W.  Schmidt — On  the  quantities  of  illuminating  oils,  paraffin,  &c.,  obtained 
from  various  kinds  of  Russian  peat  Ch^  m.  Centr.  1860,  p.  804. 

1860.  H.  Schwarz.-  -On  the  applicability  of  Gallician  petroleum  to  the  preparation 
of  photegen  and  solar  oiL  Dingt.  pol.  J.  clvi.  464. 
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1861.  Vohl. — On  the  causes  of  the  fiulnro  of  many  factories  of  paraffin  and  photogon 
Dingl.  pol.  J.  cliL  376. 

1861.  A.  Oessner. — On  coal,  petroleum  and  distilled  oils.  8ro.  New  York. 

1862.  Bullo. — On  the  preparation  of  mineral  oils  and  paraffin  from  various  raw  me.* 

terials.  Chem.  Cfntr.  1862,  pp.  252,  265,— being  an  extract  from  his  work 
entitled  “ I)ie  Torfverwerthung  in  Europa.” 

1862.  B.  H.  Paul. — On  theworkingofthebituroinouspeatofLews Island  (Hebrides), 
for  the  same  purpose.  Chem.  Anrs,  vi.  221,  243. 

1862.  A.  H.  Church. — On  the  oils  obtained  from  Albertite.  Ckem.  Heios,  ri.  122; 
lUp.  Chim.  app.  iv.  419. 

1862.  Per  utz.— On  the  recovery  and  utilisation  of  the  arid  and  alkaline  liquids  em* 
ployed  in  the  puriOcation  of  mineral  oils.  Dingl.  pol.  J»  clxiii.  65. 

1862.  Stenhouse. — Application  of  paniffin  to  the  impn^gnalion  of  leather  and  tis- 

sues, to  render  them  air-  and  water-tight,  Lonaon  Journal  of  Arts, 

1862,  p.  154  ; Dingl.  po/.  J.  cxlvii,  72. 

1863.  B.  H.  Paul. — Destructive  distillation,  considered  in  reference  to  modem  In- 

dustrial Arts.  Jour.  Soc.  Art*,  xi.  470;  Chem.  AVtes,  vii.  282,  viiL  56,  78. 

1 863.  O.  T b e n i u s. — Examination  of  peat  from  Salzburg  and  lignite  from  Ellnbogen, 
with  regard  to  their  adaptability  for  the  preparution  of  photogen  and  paraffin. 
Dingl.  pol.  J.  clxix.  362,  467  ; clxx.  296.  361. 

1863.  H.  Lahore. — Description  of  an  apparatus  with  revolving  retorts  for  the  distil- 
lation of  schists,  asphalt,  &e.  Dingl.  pol.  J.  clxx.  \0A.  W.  M.  Wi  lliams, — 
Description  of  reverberator}*  furnaces  for  similar  purposes.  Le  Technologiste, 
June  1863,  p.  458  ; Dingl.  pol.  J.  clxx.  106. 

1863.  Breitenlohner. — Process  for  improving  heavy  oils  obtained  from  peat-tar 
and  rendering  them  fit  fbr  illumination.  Dingl.  pol.  J.  cxlvii.  378;  Bull. 
Soc.  Chim.  vi.  71. 

1863.  A W.  Hofmann. — Report  on  chemical  products  and  processes  in  the  Inter- 

national Exhibition  of  1862,  pp.  138 — 114. 

1864.  B.  H.  Paul. — Artificial  light  and  lighting  materials.  Jour.  Soc.  Arts,  xii. 

311 ; Jour.  Franklin  Institute,  1865. 

5lee  also  the  scvcml  volumes  of  Waqnrr's  jahresberiekt  uber  die  Fortschritte  und 
IMstungen  dUr  chcmischm  Technologie,  Leipzig,  1865 — 1861.  B.  II.  P. 

PAJtAOXiOBUXiASaTnr.  See  GLom'i.aaia  (ii.  846). 

PBJULGtXAT  TBA  or  Ycrba-matr. — The  dried  leaves  and  twigs  of  Psoralea 
glandulosa,  L.,  Ihx  paraguagensis.  St.  Hilaire.  They  contain  caffeine,  1*1  to  12  per 
cent,  according  to  Stenhouse  (Phil.  3Iag.  [3]  xxiii.  426);  044  percent,  according 
to  Stahlschmidt  (Pogg.  Ann.  cxii.  411). 

PAJL&BSZTBBirB.  Syn.  with  /3  Hexylene.  (See  Hextlexb,  iii.  155.) 
PABAliACTIC  ACZB.  Syn.  with  Sabcolactic  Acid.  (See  Lactic  Acid,  iii.  457.) 
PAJtAXiBITBIxir.  See  Albuhin  (i.  68). 

PAJLAXtBBBTBB.  The  liquid  modification  of  aldehyde  obtained  by  Woiden- 
busch  (see  Aldsyhtdr,  L 109).  According  to  Lieben  (Jahrr'sb.  1860,  p.  103),  it 
is  also  produced  by  heating  aldehyde  with  etbylic  iodide  to  100*^  in  a sealed  tube.  It 
melts  at  12^,  boils  at  123^ — 124®,  and  has  a vapour-density  of  4'71,  agreeing  nearly 
with  that  calculated  for  2 voL  from  the  triple  formula  of  aldehyde,  C*n'’0*.  It  is 
probably  identical  with  the  modification  of  aldehyde  which  Oeuther  and  Cartmoll 
obtained  by  the  action  of  sulphun>us  acid  upon  aldehyde  (melting  at  10°,  boiling  at 
124°),  perhaps  also  with  Fehling’s  elaldebyde.  A Ixaly  having  the  same  properties, 
excepting  that  it  melts  at  4°,  is  produced  by  saturating  aldehyde  with  r}  anogen  gas,  and 
leaving  the  solution  to  itself  in  a sealed  tube  for  sometime  at  the  ordinary  temperature. 

PABABBSBOBTSBXSM.  Compounds  analogous  in  composition  and  exhibiting 
equal  differences  of  atomic  volume,  are  called  by  Schoerer,  paralUlostcric  compounds, 
(l^e  Isomorphism,  iii.  432.) 

PAJLAX.OGXTB.  A silicate  of  aluminium,  calcium,  and  sodium,  intorgrown  with 
la^is  lazuli,  from  the  neighbourhood  of  I,ake  Baikal,  in  white  four  or  eight-sided 
pnsms,  harder  than  quartz,  having  a specific  gravity  of  2 665,  and  melting  Wfore  the 
blowpipe  to  a colourless  glass.  It  contains,  according  to  Thoreld,  44*95  per  cent, 
silica,  26*89  alumina,  14*44  lime,  10*86  soda,  1*01  potash  (with  1*86  loss)  {flammth' 
berg's  Mineralchemie,  p.  778).  Acconling  to  Kokscharow,  N.  Petersb.  Acad.  Bull, 
i.  231),  it  has  the  same  angles  us  mejonite,  and  may  be  regarded  as  a variety  of 
sea  polite. 

PABAM.  A substance  isomeric  with  cyanamide,  CH’X^  produced  by  the  action 
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of  carbonic  anhydride  on  eodamido.  It  crystallises  in  concentric  groups  of  fine  silky 
prisms,  soluble  in  water  and  alcohol,  m«lting:  at  100®  when  dry  (cyanumide  m»lts  at 
40®),  and  solidifying  again  in  the  erystullitu!  form  at  about  180®.  It  is  further  dis- 
tinguished from  eyanamide  (ii.  188)  by  not  forming  cither  a yellow  silver  compound 
or  a brown  copf>er  compound.  Cyanamide  changes  into  puram  when  left  to  iUelf  for  a 
long  time.  (Beilstcin  and  Qeuther,  Ann.  Ch.  Pharm.  criii.  88.) 

PARAMAXiglC  ACXS.  Syn.  with  Fuharic  Acts  (ti.  741). 

PARAMAXiIC  ACXD.  Syn.  with  Pigltcoluc  Acid.  (See  Glycollic  Acin, 
ii.  912.) 

PARABmOOmc  ACZSi  Syn.  with  Comunic  Acid  (i.  1103). 

PAXLaJMCEXrzSPSAMCXira.  See  HK.visFni{uns'E  (iii,  880). 

I Mbu-itic  Acin,  Amides  or  (iii.  873). 

PARAMXDOBSWZOZC  ACX1>.  Syn.  with  Pahaoxybenumic  A(!1D  (p.  352). 

PAJtAMOBPBZirzi.  Syn.  with  TuebaVve. 

PARABCO&PBOU’S  CXtTSTAU.  This  term  was  first  applied  by  W.  Stein 
and  nllcrwards  adopted  bvSeheerer  (J.  pr.  Chem.  Ivii.  60),  to  designate  certain 
peeudomorphs  in  which  a change  of  moh'Cular  atructun*  has  taken  place  without  alter- 
ation of  external  form  or  chemical  constitution ; for  example,  the  inonoolinic  ciystals 
of  fusetl  sulphur,  which  graduiilly  U'come  opaque  aud  are  then  found  to  be  made  up  of 
crystalline  particles  having  the  trimctric  form  of  sulphur  cryst.nUi>wl  frtjm  fusion  at 
low  lempiT.itures  (ii.  332);  also  crynUUs  of  arragonile  (trimetric)  altered  internally  to 
calcspar  (rhombobedml),  and  of  iron  pyrites  (monometric)  altered  internally  to  mar- 
cu-Hite  (trimetric).  Scheerer  also  regards  as  pammorphs,  many  instances  of  pseudo- 
morjihism  in  which  a change  of  chemical  com|x>sition  Los  taken  place  as  well  a.s  of 
molecular  structure,  €.g.  the  crjstals  of  scapolite  occurring  at  Snanini  and  Krageroe,  in 
Norway,  which  consist  of  crystalKvgranular  masses  of  orthoclase  or  albite,  sup|KMiing 
that  these  minerals  are  dimorphous  and  som(*times  crystallise  in  the  form  of  sca|)olite. 
For  a full  discussion  of  the  subject,  see  Scheerer^s  article  pAfUMOitPHosE  in  the 
Handivorttrbuch  dcr  Chcmic,  vi.  53;  also  Jahresb.  1852,  p.  302;  1853,  p.  860;  1854, 
pp.  872,  888. 

VAJlAKXrCZC  ACZS.  An  isomeric  nuxlificution  of  mucic  acid  produced  by 
prolonged  boiling  of  the  latter  with  water  (iiL  1067). 

PAJtAMCTXSXXE  or  DiamgUnr.  C'*II**. — A polymeric  modification  of  amyleno 
which  passi'S  over  at  160®,  when  amyiic  alcohol  is  distilled  with  chloride  of  zinc. 

PAJtAsmowS.  The  name  given  by  Gottlieb  (Ann.  Cli.  Pharm.  Ixxv.  51) 
to  small  grains  resembling  wheat  starch,  which  are  contained  in  considerable  quantity 
in  FMglrr.a  xnridi$,  a species  of  infusorium.  They  nr©  wliite,  insoluble  in  w.itcr  and  dilute 
aciiLs,  and  have  the  cumposiiion  of  starch.  At  200®  they  are  converted  into  a tasteh*ss 
gummy  mass,  soluble  in  water.  Fuming  hydrochloric  acid  converts  them  into  glucose. 

PAKANAPHTBAXSarS  or  AXO’TBRACXIK'S.  A hydraciirboD 

discovered  by  Dumas  and  Laurent  iu  1832  (Ann.  Ch.  Phys.  ^2]  1.  187).  further 
examined  by  Laurent  {ibid.  lx.  220;  lx%*L  149;  Ixxii.  415),  Fntzscbe  (Ann.  Ch. 
Pharm.  cix.  249),  and  more  completely  by  Anderson  (Edinb.  Pliil.  Tmns.  xxii.  [3] 
681;  Chem.  Soc.  Qu.  J.  xv.  44).  It  is  produced  in  the  dry  distillation  of  coal,  bitu- 
minous shale  aud  wood,  and  is  contained  in  the  last  heavy  and  semifluid  jKirtions  of 
the  tar,  at  first  together  with  naphthalene,  finally  with  clmysene.  A commercial  pro- 
duct of  this  kind,  used  as  a lubricator  for  maeliinery,  is  yellow,  soft,  Komewhat  like 
palm-oil,  and  contains,  besides  anthracene,  a small  quantity  of  naphthalene,  and  a 
much  less  volatile  emoyreumatic  oil. 

Prrp<tration. — Cnule  commercial  anthracene  is  distilled  from  an  iron  retort-,  and  the 
colourless  portions  which  jmvss  over  at  the  beginning  are  pressiKi  to  remove  the  oil, 
and  purified  by  repeated  cry.'stallisation  from  benzene,  or  by  sublimation.  The  coloured 
portions  which  puss  over  at  a later  stage  of  the  distillation,  are  obtained  colourless  by 
repeated  rectification,  then  purifieil  in  the  same  manner.  (Anderson.) 

Fritzsche  imminliately  dissolves  anthracene,  obtaine<i  by  pressure  and  recrys- 
tallisation,  in  Ixiiling  benzene,  together  with  excess  of  picric  acid,  whereby  crystals  of 
the  picrate  are  obtained  on  cooling.  From  this  compound  unthracouc  may  be  separated 
by  ammonia,  and  purified  by  rcciysUlUsation  from  alcohol. 

ProjxTiit*. — Anthracene  forms  small  colourless  laminse,  which  exhibit  a silky  lustro 
when  immersed  iu  alcohol,  but  become  dull  when  dry.  The  laminae  which  separate 
from  solution  in  benzene,  are  less  lu-strons  and  somewhat  granular  (.\nderson).  An- 
thracene melts  at213®(al  180®,  aeconiing  to  D u ma  s and  Lauren  t ; at  about  210®, 
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icoording  to  FritzBche)  to  a colourless  liquid,  wliich  soltdiBes  to  a lammO'CrystaUiue 
mass  on  cooling.  It  sublimes  slowlj  at  the  heat  of  the  water-bath,  more  quickij  in 
thin  laminie,  at  a stronger  heat,  and  distils  without  decomposition  at  a still  higlier 
temperature  (Anderson),  above  300°  according  to  Dumas  and  Laurent.  It  is 
inodorous  if  free  from  empyreumatic  oil;  tasteless.  Specific  gravity  1*147  (Reichen- 
bach). — Vapour-density,  obs.  «=  6*74  at  4o0°  (I)  umas  and  Laurent)  ; calc.  = 6*17. 

Anthracene  is  insoluble  in  water,  but  dissolves  easily  in  boiling  alcohot^  more  abun- 
d.antly  in  Hhcr,  benzene,  and  volatile  oiU  (Anderson),  eswcially  in  ml  of  turixntine 
(Dumas  and  Laurent).  It  is  not  altered  by  alkalis.  When  it  is  dissolved  together 
with  excess  of  picric  acid  in  boiling  benzene,  the  limiid  on  cooling  dep<>«its  deep  ruby- 
coloured  crystals  of  pic  rate  o f anthracene,  C‘*lI'“.C*ri*(N0*)*0.  This com{x)und 
melts  at  al^ut  170°,  and  is  decompoj«ed  wholly  or  partially  by  water,  alcohol,  and 
ether,  which  dissolve  out  the  picric  acitl.  (Fritzsche.) 

Dteompositions.—^X.  Anthracene  dissolves  in  oil  of  vitriol,  with  green  colour,  and 
forms  a conjugated  heid. — 2.  In  contact  with  bromine,  eitluT  liquid  or  gaseous,  it  is 
slowly  converted  into  hexbromanthracene. 

3.  Anthracene  exposed  to  a slow  current  of  chlorine-gas  for  not  too  long  a time,  is 
converted  into  hydrochlorate  of  chloranthracene,  a small  <^mvutity  of  hydro- 
chloric acid  gas  being  evolved  at  the  same  time.  Exposed  for  a short  time  to  a rapid cur- 
r»*nt  of  chlorine,  it  b^mes  heated,  and  forms  hydrochloric  acid  and  chlora  nth  rucene. 
When  heated  in  chlorine  gas,  it  absorb.s  a much  larger  quantity,  givea  otf  larger 
quantities  of  hydrochloric  acid,  and  exhibits  an  increasing  amount  of  chlorine,  till  utter 
eight  days,  a semi-fluid  product  is  obtained,  wliich,  by  solution  in  ether  and  evapor- 
ation, is  resolved  into  an  oily  and  a crystallisable  cblorine-comiX)uud  (Anderson). 
Tha  crystals  are  soluble  in  alcohol,  ether  and  benzene ; contain  47*5  per  cent.  C and 
2*66  H,  and  are,  perhaps,  C**H*Cl*  (calc.  47*39  p«  r cent.  C,  2*51  H)  or  perhaj«  a 
mixture.  The  oil  treated  with  alcoholic  potash,  yields  more  than  one  crystallisablo 
substance.  (Anderson.) 

4.  Anthracene  is  but  sb'ghtly  attacked  by  cold  nitric  acid,  but  by  boiling  for  several 
days  with  nitric  acid  of  specific  gnivity  1*2  it  is  converted  into  oxa  nt  hracene.  Nitric 
of  specific  gravity  1*4  likewise  forms  oxanthracene,  but  mix£*d  with  other  products  ; if 
fuming  nitric  acid  be  added  at  the  same  time,  dinit  roxanthraccne  is  also  produced. 
These  compounds  separate  out  on  cooling,  w'hilst  a crystallisablo  acid  n ninins  in  the 
mother-liquor.  This  substance,  Anderson’s  anthraccnic  acid,  obtuint-d  by  caw*ful 
evaporation,  is  easily  soluble  in  water,  and  forms  crystallisable  compounds  with  ammonia 
and  potash,  inH)iublo  salts  with  baryta  and  oxide  of  lead.  (Anderson.) 

Laurent,  by  treating  anthracene  with  nitric  acid,  obtained  four  nitro-compounds 
(and  oxanthracene).  the  formuhe  and  independent  existence  of  wliich  are  doubtful. 
(See  (fmelin's  llamUxKfk,  xvi.  1G6.) 

Derivatives  of  Paranaphthahne  or  Autkraerne. 

Bromaathraoeneat  (Anderson,  loc.  cit.) — When  a thin  luyir  of  pulveriseil 
anthracene  is  placed,  together  with  bromine,  under  a l>ell-jar,  and  the  mass  which  forms 
after  a few  days  is  pulverised  and  again  exposed  to  the  bromim'-vapours,  tliis  treat- 
ment being  repeat<><3  as  long  ns  the  bromine  continues  to  be  aKsorl>cd,  and  the  bpfiw’n  ma.ss 
then  dissolved  in  l>enzene,  the  solution  on  cooling  deposits  hexbromanthracene, 
C“H'Br*,  which,  when  recrystallised  from  ether  or  from  Wnzene,  forms  small,  white, 
hard,  apparently  rliombic  cryetab*.  It  is  sparingly  soluble  in  cMcrnnd  Unzene; 

turns  brown  at  176°,  and  melts  at  182°,  with  evolution  of  bromine.  When  heated  with 
oil  of  vitriol,  it  melts,  and  gives  otF  bromine  and  hydrobromic  acid.  It  is  but  slightly 
attacked  by  niVrr’c  acid. — With  a/cohdic  potash  it  acquires  a yellow  colour,  and  forms 
bromide  of  potassium  and  bromide  of  dibromanthraceiie.  C*‘H’Br*.Br’,  which, 
when  reciystallised  from  benzene,  forms  long  yellow  needles,  having  a fine  silky  lustre, 
and  melting,  with  partial  decomposition,  at  238°.  They  arc  nearly  insoluble  in  cold 
benzene,  and  soluble  only  in  benzene  heated  above  100°;  still  less  soluble  in  alcohol 
and  ether,  either  hot  or  cold. 

cnilorantbraoeaei  C'*U*C1. — This  compound,  obtained  by  subjecting  anthracemo 
to  the  action  of  a rapid  stream  of  chlorine  for  a short  time  only,  forms  small,  hard, 
crystalline  scales,  soluble  in  alcohol,  ether  and  l^enzcne.  (Anderson.) 

HgdrochloTttte  of  Chloranthracene,  C*^H*C1.HC1. — To  obtain  this  compound,  coltl 
chlorine  gas  is  passed  in  a slow  stream  over  anthracene,  and  the  resulting  mass  isciys- 
tuUised  by  solution  in  benzene  and  cooling.  Laurent  intiwluces  pulveri.sed  anthra- 
cene into  a bottle  filled  with  chlorine,  dissolves  out  the  anthracene  which  n*mains  un- 
altered after  48  hours,  with  a small  quantity  of  boiling  ether,  and  cr)*stullisea  the 
nndissolved  portion  from  a large  quantity  of  boiling  other.  It  forms  nulLite  neetiles 
often  Very  long  (A n derson) ; yellowish,  shining  lamime,  fusible  and  volatile  (Lau- 
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rent).  It  is  easily  soluble  in  alcohol,  to  which  also  it  gives  up  a small  (juantity  of 
hydrochloric  acid,  slightly  soluble  in  tthcr.  Alcoholic  potash  converts  it  into  chlor- 
antiiracene. 

Oxantbracene.  C*‘H*0*.  Paranaphialhe,  Anthracenuae.  (Lauren t,  Ander- 
son.)— When  anthracene  is  boiled  for  some  days  with  nitric  acid,  a resin  is  formed 
which  becomes  granular  on  cooling,  and  when  washed  with  water  and  recrystallised 
from  alcohol  or  benzene,  forms  light  reddish-vollow  crystals  of  oxanthmcono,  fusible, 
volatile  without  decomposition,  and  subliming  in  long  needle.'?.  When  heated  on 
platinum-foil,  it  bums  with  a smoky  flame  and  without  residue.  It  is  ncutml,  insoluble 
in  watiT,  sparingly  soluble  in  alcohol,  somewhat  more  soluble  in  benzene  (A  nderson>, 
nearly  insoluble  in  boiling  tther,  and  in  hot  coal-tar  oil  (Laurent).  It  dissolves  in 
boiling  nitric  acid  of  specific  gravity  1*4,  and  crystallises  on  cooling;  also  in  strong 
sulphuric  acid,  and  is  rt‘precipitated  by  water  (Anderson).  It  is  not  altered  by  hot 
hydrochloric  acid,  by  potash-icy  or  quick-lime,  not  even  when  sublimed  over  the  latter. 
When  it  is  heated  in  a test-tul>e  with  concentrated  hydriodic  acid,  white  scales  re- 
sembling stilbeue  condense  in  the  upper  part ; C'*U*d*  + SHI  — C’^U‘*  + 1*  +• 
2H*OP  (Anderson.) 

Dinitroxanthraccne,  C**H*N*0*  » C'*H*(N0*)*0*. — When  anthracene  is  boiled  with 
nitric  acid,  and  portions  of  the  fuming  acid  are  added  from  time  to  time,  red  fumes  are 
continuously  evolved,  and  the  anthracene  is  converted  into  a resinous  mixture  of 
oxanthracene  and  dinitroxanthracene.  From  this  mixture*  the  dinitroxanthracene  may 
be  separated,  by  heating  with  a small  quantity  of  alcohol  and  cooling,  as  a red  powder 
haring  veiy  little  of  the  crystalline  character.  (Anderson.) 

PAltAiyiCEys,  The  name  given  by  St.  Evre  to  a solid  hydrocarbon,  C'*H**? 
which  he  obtained  by  distilling  chloroniceic  (chlorobenzoic)  acid  ^i.  921)  with  caustic 
lime  or  baryta.  Fuming  nitric  acid  converts  it  into  a nitro-compound, 

FAJLAWZCZ27B.  ? — A base  produced  by  the  action  of  sulphide  of  ammo- 

nium on  nitroparanicene.  It  dissolves  in  acids,  forming  ciy’stallisable  salts,  and  is  pre- 
^itated  from  the  solutlonsin  snowy  flakes  soluble  in  ether.  (St,  Evre.  See  OcrharJt’s 
Traite,  iii.  C6.) 

FAJLAJVZXtZKTE.  (Hofmann,  Proc,  Roy.  Roc.  xii.  314.) — During 

the  preparation  of  aniline  on  the  large  scale,  several  bases  of  high  boiling  p>oint  are 
produced.  They  are  to  be  found  in  the  residues  which  remain  in  the  stills  in  which 
the  crude  aniline  is  rectified.  By  distilling  these  n^sidues  and  fractionating  the  pro- 
ducts, a variety  of  bases  ore  obtained,  among  which  may  l>e  mcDtioned  toluyleue- 
diamine,  martvlamine  and  paraniline 

preparation. — When  the  fractions  boiling  al>oTe  330®  are  treated  with  dilute  sul- 
phuric acid,  a semisolid  crystalline  mass  is  obtained,  consisting  of  two  sulphates  of 
diffsrent  degrees  of  solubility,  the  more  soluble  being  the  sulphate  of  paraniline,  the 
less  soluble  the  sulphate  of  martylaniine.  On  decomposing  the  more  soluble  salt  with 
caustic  soda,  a viscid  basic  oil  is  produced,  which  after  some  days  solidifies  to  a semi- 
solid crystalline  mass.  This  is  to  be  purified  from  adhering  oil  by  pressure  between 
folds  of  filtering  paper,  and  crystallised  first  from  water,  and  subsequently  once  or 
twice  from  boiling  alcohol.  Paraniline  forms  long  white  silky  needles,  fusible  at  192®, 
It  iKjils  above  the  range  of  the  mercurial  tliermometer,  but  distils  writhout  decom- 
position. 

Salts  of  Paraniline. — From  asolufion  in  strong  hydrochloric  acid,  a beautiful  hydro- 
chlorate  crystallises  in  transparent  six-sided  plates,  which  when  dried  at  100®  have  the 
formula  2HC1.H*0.  On  treatment  with  waterthey  are  immediately  converted 

into  sparingly  soluble  yellow  needles,  which  at  100°  contain  C’^H‘*N*.HCl.H^O,  and  at 
115“  C'"H'*N’HCL— The^/rt//n«ffi-sfl//.  2C'*H‘^N^HH:P.Pl''ClVat  110°),  forms  yellow 
needles  of  sparing  solubility. — The  nitrate,  forms  short  yellowi.sh 

needles  grouped  in  stars. — Sidphates.  On  di.‘«»olving  paraniline  in  dilute  sulphuric  acid, 
a salt  easily  soluble  in  water  is  obtain<‘d,  having  the  formula  C'*H“N*.H*SO*.  Tr»*ated 
with  excess  of  base,  it  yields  a salt  containing  2(C'*H**N*)II*SO'. 

Ethylatrd  derivatives  of  Paraniline.  The  action  of  iodide  of  ethyl  on  this  base 
results  in  the  formation  of  two  ethylated  bases,  namely  C‘*1I'“(C’H*)N‘'  and 

C.  G.  W. 

PASASZZTXOBSirZOZC  ACZZ>.  Ryn.  with  Xxtrodracti.ic  Acid  (p.  60). 

PABAX^THIzr.  A name  applied  to  certain  compact  varieties  and  white  and  palo 
blue  crystals  of  scapolite. 

PAZtA-OaZTBBXrXAZmC  ACZII.  C^IPNO*.  Varamidohensoic,  Oxydrocylamic 
or  Amidodracylic  acid.  (G.  Fischer,  Ann.  Ch.  Pharm.  cxxrii.  142 — Wilbrand  and 
Beilstoin,  ibid,  cxxviii.  257.)' An  acid  isomeric  with  oxybcnzamic  acid,  produced  by 
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the  action  of  sulphuric  acid  on  nitrodracylato  (pnranitrol>cnzonte)  of  ammonium 
(Fischer),  or  bv  the  action  of  tin  and  hydrochloric  acid  on  nitro<lmc)Iic  acid 
(Wilbrand  and  Beiistein).  When  1 pt.  of  nitrodracvlioacid  (p.  60)  and  2 pts.  of 
tin  are  treated  with  concentrated  hydrochloric  acid,  and  the  filtrate  evaporated,  colour- 
less needles  or  Inniiiije  are  obtained,  consisting  of  the  compound  C’lFNOMlCI,  which 
by  solution  in  ammonia  and  supersaturation  with  acetic  acid,  yields  ciystuls  of  paraoxy- 
benzamic  acid.  A quicker  method  is  to  precipitate  the  acid  tin-solution  with  sodic 
carbonate  and  supersaturate  the  filtrate  with  acetic  acid.*  (Wilbrand  and  Beilstci  n.) 

Paraoxybenzamic  aci»l  ciystnllises  in  yellowish,  highly  lustrou-s  capillary  ciystals, 
which  melt  at  197®,  and  aro  not  coloured  (like  oxybeuxamic  acid)  by  contact  with  air 
and  water(Fischer);  in  reddish  interlaced  threads,  shining  crystalline  tufts,  or  small 
rhombohedroDs  melting  at  18C®  or  187®  (Wilbrand  and  Beilstein).  When  heated 
with  piftash,  it  is  resolved  (more  easily  than  oxybonzamic,  less  easily  than  phen)’!- 
carbamic  acid)  into  carbonic  anhydride  aud  aniline.  Wilbrand  and  Bt  ilstein  regard  it, 
however,  a.s  identical  with  the  latter  (Chaneel’s  ciirbanilic  acid).  Wlien  nitrous  acid 
vapour  is  slowly  passed  into  a boiling  solution  of  1 pt.  paraozybenzamic  acid  in  120  to 
125  pts.  boiling  water  (with  other  proportioas  a different  reaction  takes  place)  till  the 
liquid,  which  becomes  diirk  in  colour  and  gives  off  nitrogen,  deposits  on  evaporation 
flocks  which  assume  a resinous  consistence,  the  filtrate  yields  at  a certain  aegreo  of 
concentration,  crystals  of  puraoxybenzoic  acid,  (Fischer.) 

A.::o-paraoxyb* ncamic  aciV,  isomeric  with  diazobcnzo-oxybenzamic  acid 

(p.  292),  separates  on  pouring  nitrous  ether  (alcohol  saturated  with  nitrous  acid), 
on  a cold  saturated  solution  of  paraozyl>eiizamic  acid,  as  a yellow  ciystalline  l>ody, 
which  is  decomposed  by  hy«lrochloric  acid  in  the  same  manner  as  diazol-enzo-oxybenz- 
nmic  acid,  yielding  hydrochlonite  of  panioxybenzaniic  acid  and  panu’holorobenzoic  acid 
(p.  344).  Nitrous  acid  passed  into  a hot  alcoholic  solution  of  azo-panioxybenzoniic  acid 
forms  aldehyde,  togetlier  with  an  acid  C7H*0*,  diflerent  from  salylic,  ami  probably 
identical  with  ordinary  bcnzoiqacid  (see  the  second  equation  on  page  293).  (Wilbrand 
and  Heilstein.) 

VAKA-OXTBXanOZO  ACZB.  (Saytzeff,  AnmCKPharm.  cxxvii. 

129.) — An  acid  iBomeric  with  oxybenzoic  and  with  salicylic  acid,  produced  by  heating 
anisic  acid  with  concentrated  aqueous  hydriodic  acid  to  125® — 130®  for  twelve  to  six- 
teen hours : 

C»H-0*  + HI  - C’H‘0*  + CIPI; 

also,  according  to  Fischer  (p.  351),  by  the  action  of  nitrous  acid  on  paraoxybenzamie 
acid.  It  crystallises  from  hot  water  (according  to  A.  K nop’s  determinations)  in  small 
monocLinic  prisms,  exhibiting  the  combination  ooP , oP  . ooP»,with  the  following 
approximate  values  of  the  angles;  ooP  : »P  in  the  orthudiagonal  principal  section, 
=a  140®;  oopQO  : ocp  110°;  oP  : oopoo  = 105°  30’;  oP  : *P  ss  85®.  If  dis- 

solves in  126  pts.  of  water  at  15®  ; more  easily  in  hot  water,  alcohol,  and  ether;  has  a 
sour  taste;  contains  when  air-dried,  1 at.  water  (C^H*0*.H*0) ; becomes  anhydrous 
at  100®;  melts  with  partial  decomposition  at  210®,  aud  solidifies  bi'twoeu  160®  and 
170®.  It  is  distinguished  from  salicylic  acid  by  its  melting  poii.t  and  solubility 
(salicylic  acid  melts  at  150°,  and  requires  1000  pts.  of  cold  water  to  dissolve  it);  by 
forming  with  ferric  chloride  a yellow  precipitate  soluble  in  exct'ss.  without  violet 
coloration  ; and  by  the  much  greater  facility  with  which  it  is  resolved  into  phenylic 
alcohol  and  carbonic  anhydride.  From  oxybenzoic  acid  (p.  205)  it  is  distinguished 
by  its  crystalline  form,  and,  according  to  Saytzeff,  by  its  l)ehaviour  wlien  heated  to 
the  subliming  point  (oxybenzoic  acid,  accoi^ing  to  Fischer,  crystallises  in  anhy- 
drous rectangular  prisms,  melts  at  200®,  and  sublimes  almost  unaltere<l  even  when 
quickly  heated  ; according  to  Gerland,  however,  it  splits  up  into  carbonic  anhydride 
and  phenylic  alcohol). 

Paraoxy benzoic  acid  forms  with  the  alkalis,  easily  soluble  salts,  difficult  to  cr>stallise; 
with  the  ^kaline  earths  and  with  the  oxides  of  zinc  and  cadmium,  it  forms  salts  which 
are  likewise  easily  soluble,  but  c^)•8talli^^  well.  The  cadmium*Balt^  C'*IP*Cd"0*.4lPO, 
crystallises  in  large  well-defined  rhombohedrons ; the  silv^r^salt,  2C*H*Ag0*.5H*0, 
ciystallises  from  boiling  water  in  long  needles. 

FAXAPBCTZG  AOZD  and  PARAPSOTXX.  See  Pxenc  Acfl>  and  Pecttn. 

FAXAFB08VB0AZC  ACZZ).  A name  of  dibasic  phosphoric  acid  (see  Phos- 
phorus, OXTOBN-ACins  of). 

FABAPSCOXOBB.  (Anderson,  Ann.  Ch.  Pharm.  lx.  86.)— A 

• Nitrobeniolc  acid  treated  Id  like  manner  with  tin  and  hydrr>cliloric  add,  jrietdii  the  double  latt 
C*H'SO^.HCl.Sn"CI^.  which,  by  tucce.tive  treatment  with  »ulphydric  arid,  ammonia  and  acetic  acid, 
may  be  eoorerted  into  oaybeniamic  acuL  The  roureriiiMi  of  nitrobenxoic  «rid  Inlo  oxyhenxainic  arid, 
may  alio  be  efTecterl  by  hydrochloric  arid  and  zinc.  NitnMiracylic  (paranitrobenzoic)  4Cid  is  not  avted 
upon  by  line  and  hydrochloric  acid.  (Wilbrand  and  BeiUteln.) 

VoL.  IV.  A A 


jk 


r 


354  PARARHODEORETIN— PARATIIIONIC  ACID. 

base  poylnu'ric  with  picolino  (C*H^N),  obtaiued  by  treating  picoline  with  to  J of  ita 
weight  of  so<iiura  at  tho  boiling  heat  for  several  days,  treating  the  brown  resinous  mass 
thereby  produeetl  with  water,  which  dissolves  soda  and  leaves  a heavy  viscid  oil,  wash- 
ing the  latter  with  water,  distilling,  collecting  ap>irt  the  oil  which  passes  over  it  at  a 
high  temperature,  and  rectif^'ing. 

The  action  of  the  sodium  in  the  conversion  of  picoline  into  parapicolinc  has  not  been 
exactly  made  out.  A largo  portion  of  the  metal  remains  unaltered  ; part  of  it  how- 
ever enters  into  combination,  probably  forming  the  compound  C‘*II‘NaN  (no  evolution 
of  hydrogen  was  however  observed),  which  is  subsequently  converted  into  parapico- 
line,  as  shown  by  the  equation: 

2C"n*X:iN  + 2IPO  - + 2XaITO. 

Parapicoline,  obtained  as  above,  is  an  oil  of  specific  gravity  1 077,  and  boiling  between 
260®  and  315®.  It  is  insoluble  in  water,  soluble  in  all  proportions  in  alcoli<»l,  ether, 
and  oils,  and  has  a p<*culiar  odour  difl’erent  from  that  of  picoline,  but  resembling  that 
of  the  bases  obtained  from  Ixine-oil  at  very  high  temj>eratures.  It  blues  reddene<l  litmus, 
is  partially  rvsinised  by  strong  nitric  ncii  and  forms  with  cupric  sulphate  an  emerahi- 
green  precipitate,  the  green  solution  of  which  in  hydrochloric  acid  contains  a double 
salt. 

The  salts  of  parapicolinc  are  for  the  most  part  ODcrystallisable.  The  kydrochJfrrate 
is  a rewin  easily  soluble  in  water. — The  chluro-^urate  is  yellow,  amorphous,  not  decom- 
w«ed  at  the  boiling  heat. — The platinum-mH  has  tho  formula  C*®H'^N*.H^CP.Pl*’Cl*. — 
Mercuric  chloride  forms  with  the  alcoholic  solution  of  ixirapicoline  an  abundar.t  curdy 
precipitate,  in.soluble  in  water  and  in  alcohol,  easily  soluble  in  hydrochloric  acid. — The 
nitrate  remains  on  evaporation  as  a syrupy  liquid,  which  slowly  solidifies  to  a mass  of 
neetlle-shaptKl  crystals. — The  tidphate  is  a gummy  mass,  easily  soluble  in  water,  less 
soluble  in  alcohol. 

VASAmBOSBOABTXXr.  See  Jai^pix  (iii.  438). 

PABASACCHJLROBB.  A modification  of  cane-8ugar,  said  to  be  pro- 

ducisl  under  certain  circuinstanc<  8 when  a solution  of  sugar-candy  and  phosphate  of 
ammonium  is  exposed  to  the  air  in  the  summer  season,  between  Jnne  and  September. 
It  is  crystalliHuble,  and  has  a greater  dextro-rotatory  power  than  cane-sugar.  (V.  J o d i n, 
Compt,  rend.  liii.  1252 ; Iv.  720;  Irii.  434  ; Rep.  Chim.  app.  iv.  38  ; Ilull.  Soc.  Chim. 
1863,  p.  93;  1804,  p.  278  ; Jahresb.  1861,  p.  722;  1862,  p.  472;  1863,  p.  672.) 

PARASAZiZCTIb.  SaHcylide  of  Benzoyl,  « C*II'0*.C’H»O ; also 

called  Spirin.  (See  SALicTiJOKS.) 

PAJIASXTISS.  Chatin  (Compt.  rend.  Ivii.  771)  adduces  several  examples  which 
seem  to  show  that  parasitical  plants  pftfsess  the  power  of  altering  the  juice  of  the  plants 
on  which  they  grow.  Thus  misletoo  ( Fisrwm  o/6w/«)  growing  on  the  oak  does  not 
ci^ntain  a trace  of  quercitannie  acid ; Ijoranthm  growing  on  Rlrychnott  is  not  poisonous ; 
Hydnora,  a parasite  growing  on  African  Euphorhiano',  is  used  as  food ; Orof^anche  does 
not  exhibit  the  narcotic  properties  of  hemp;  and  the  red  juice  of  Cyiinus  is  not  found 
in  the  CisfiM  on  which  it  grows.  Chatin  finds  moreover  that  Cyline<e  and  orobanchs 
give  off  carl)onic  acid  in  sunshine,  and  hence  concludes  that  phanerogamous  parasites 
which  are  not  grccn-coloured,  alter  the  juice  of  tho  mother-plant.  On  tho  other  hand, 
green  perfect  parasites  (17scwm),  and  more  or  less  colour^  semi-parasites  (AWawi- 
pyrum  arvense)  decompose  carbonic  acid  like  other  plants. 

PARABORBZC  ACZB.  See  SoniUC  Acm. 

PAJlASTZZtBXTE,  A Ecolite  from  Thyrill  on  the  Hval^ordr  in  Iceland,  con- 
taining. according  to  v.  Waltershausen,  6187  per  cent,  silica,  17’83  alumina,  7'32  lime, 
2‘00  1*78  potash,  and  9 20  water  (=  200),  which  may  bo  represented  approxi- 

mately by  the  formula  M-O.2Si0*  + .^*O".4SiO*+3H*0. 

PAAASVZiPHATASCItlOXS'.  See  SrtPiiAMlDE. 

PARATAKTA&ZC  ACZB.  Syn.  with  Racemic  Acid. 

PABATAJHTtA»ZZl>g.  Syn.  with  Raccmamidb. 

PAKATAKT&AXZC  ACZB.)  » 

PAKA.TAXlTXtZ:XiZC  ACIB.j  Ractmic  Acid. 

PABATAKTROVXmc  ACZB.  Syn.  with  Ethtl-racbmic  Acid  (see  Ra.ckuic 
Ethers). 

w AR A THZ Oiyzc  ACZB.  An  acid  isomeric  with  ethyl-sulphuric  acid,  not  known 

in  tho  free  stat«,  but  produced  as  a barium-salt,  when  a solution  of  barytic  ethyl-sul- 
phate is  boiled.  The  liquid  then  becomes  turbid  and  acid,  depositing  sulphate  of 
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biirium,  and  if  the  dopoM*t  be  romovod  and  the  filtrate  ealuratt'd  with  carbonate  of 
barium,  a crj^tallisable  barium-salt  is  obtained  huvingthe  composition  of  ethylsulpliate 
of  barium,  C'H'*Ba''S*0",  but  distinguished  from  that  salt  by  not  decomposing  when 
its  aqueous  solution  is  l>oiled.  When  caloined,  it  swells  up  like  the  iscthionate  (iii. 
131),  but  at  the  same  time  gives  off  vapours  of  heavy  wine-oil,  takes  fire,  and  tlien 
bums  quietly.  (Gerhardt,  Compt,  Chim.  1846,  p.  176.) 

PA&ATOXiTTSI7B  or  PARATOBTTOXi.  A hydrocarbon,  isomeric  or  polymeric 
with  toluene  (hydride  of  benzyl,  i.  673),  supposed  by  Church  (Chem.  News,  Dih?.  31, 
1859  ; Zeitschr,  Ch.  Pharm.  I860,  p.  144)  to  exist  in  light  coal-tar  oil.  It  boils  at 
119-50;  toluene  at  103’7°. 

PAJtSXiXiZG  ACTS  or  PARSX.l.Xir.  C»H‘0*  ? (Schunck,  Ann.  Ch.  Pharm. 
liv.  *274.) — An  acid  sometimes  obtained,  together  with  lemuoric  acid,  in  the  prepara- 
tion of  the  latter.  The  lichens  may  be  exlumsted  with  Ixiiling  water ; the  soluiiou 
evaporated  to  dryness  after  boiling  for  some  time;  the  residue  digested  in  boiling 
water,  which  dissolves  the  orsellinic  ether  (p.  236)  pro<luced  by  the  mutual  action  of  the 
alcohol  and  the  lecanoric  acid ; and  the  undissolvcd  portion  taken  up  by  boiling 
alcohol.  The  alcoholic  solution  on  cooling  deposits  parellic  acid  in  the  crystalline 
form. 

Parellic  acid  forms  colourless  needles,  very  slightly  soluble  in  cold  vnirr,  soluble  in 
alcohol  and  in  ether ; the  cry  stals  deposited  by  slow  evaporation  are  usually  brilliant 
and  very  heavy.  The  alcoholic  solution  has  a very  bitbT  tasti-,  and  reddens  litmus  ; 
water  precipitates  the  parellic  acid  from  it  in  the  form  of  a jelly.  The  crystals  give  off 
6‘51  per  cent,  water  at  100®,  and  the  dried  acid  yields  b^  analysis  60’7 — 6P8  per 
cent,  carbon  and  3*4  hydrogen,  the  formula  requiring  60*7  carbon  and  3 3 

liydrogen.  The  acid  is  p«‘rhap3  produced  by  the  metamorphosis  of  h*canoric  acid; 
til  118 : — 

C'*IP'0'  = C*H«0*  + + H>0. 

Lec«noric  ParelUt*  Orcln- 

acid.  acid. 

Schunck  represented  parellic  acid  by  the  formula  C**^0*.' 

Parellic  acid  melts  when  heated,  and  at  a higher  temperature  gives  off  an  oil  which 
solidifies  on  cooling;  also  a sublimate  of  long  needles.  By  prolong«*<l  boiling  with  umtrr 
it  yields  a yellow,  bitter,  uncrystallisablo  substance.  It  is  not  altered  by  Ixiiling  alcohol. 
It  is  decomposed  by  hot  nitric  acid^  with  evolution  of  nitrous  vapours  and  formation  of 
oxalic  acid.  Acetic  acid  dissolves  it  more  easily  than  water.  When  heated  witli 
caustic  it  swells  up,  and  is  converted  into  a gelatinous  mass  which  gradually 

dissolves,  and  the  solution  yields  with  mineral  acids  a gelatinous  precipitate  of  parellic 
acid.  But  if  the  alkaline  solution  bo  previously  boiled,  it  does  not  yield  any  precipi- 
tate on  addition  of  an  acid,  but  after  some  time  deposits  small,  skining,  octahedral 
crystals,  which  melt  in  boiling  water  before  dissohing,  are  easily  soluble  in  cold  alcohol, 
and  separate  again  on  evaporation ; they  dissolve  also  in  caustic  baryta,  forming  a 
solution  which  deposits  carbonate  of  barium  when  boiled.  liart/ta  and  lime  act  on 
parellic  acid  like  pijtash.  Anummta  dissolves  less  of  it  than  potash  ; the  solution  when 
evaporated  gives  off  ammonia  and  leaves  crystalline  parellic  acid  ; prolonged  boiling, 
however,  is  attended  with  decomposition. 

Parellic  acid  decompose  carhonates.  Its  alcoholic  solution  precipitates  cupric  acetate 
and  neutral  acftate  of  lead.  It  does  not  prt»cipitate  nitrate-  of  eUver^  but  on  addition 
of  ammonia,  a yellowish  precipitate  is  formed  which  is  reduced  to  the  metallic  state  by 
boiling.  An  aqueous  solution  of  pandlic  acid  mixed  with  chljtride  of  gold  is  not 
altered  by  boiling;  but  this  salt  is  slowly  reduced  by  a solution  of  parellic  acid  iu 
potash. 

Parellate  of  barium  oV>tained  by  treating  the  acid  with  baryta-water,  or  by  double 
decomposition,  is  a white  powder  insoliihle  in  water.  The  copper-ealt  is  a yellowish- 
green  precipitate.  The  lead-salt,  C‘"H'*Pb"0*  (?),  is  precipitated  in  large  quantity  in 
white  flocks  on  mixing  the  alcoholic  solution  of  parellic  acid  and  neutnii  lead  acetate. 
The  alcoholic  solution  of  parellic  acid  also  forms  a copious  precipitate  with  basic  acetate 
of  lead. 

PASOASZTS.  Crystallised  and  granular  hornblende  of  high  lustre  and  rather  dark 
green  colour,  containiug  alumina,  irt>u,  and  magnesia  ; found  at  Pargas  in  Finland  and 
at  Phipsburg  and  Parsousfirldiutho  State  of  Maine.  (See  IIoiiyni,iiNT)B,  iii.  170.) 

PABXCZJ7B.  An  alkaloid  said  by  Winokler  (Buchn.  Ilepert.  [2]  xliu  29)  to 
be  contained  in  CAi>m  Jaeit.fueca,  a cinchona-bark  imported  from  Para. 

PAttZBm.  C^H'oO"?  (Walz,  Pharm.  Centr.  1841,  p.  690  ; further  N.  Jahresb. 
Pharm. ziii.  174. — Delffs,  ihid.lx.  26.) — A neutral  substance  extracted  from  the  leaves 
of  Paris  quadrifolia,  by  exhausting  them  with  water  containing  acetic  acid,  treating 
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the  residue  vith  alcohol,  and  the  alcoholic  extract  with  ether  to  remove  chlorophyll 
and  fatty  matters,  digesting  the  residue,  together  with  animal  charcoal,  in  alcohol  of 
0*920.  filtering,  removing  the  alcohol  by  distillation,  drying  the  residue,  and  redissolv- 
ing  it  in  boiling  water.  Paridin  is  then  deposite<l  after  a while  in  thin  shining 
lamime,  forming  when  dry  a coherent  satiny  mass  (Walz);  from  cold  dilute  alcohol 
it  crj'stalliscs  in  tufts  of  needles  (Delffs).  100  pts.  of  water  diffiolve  l^  pt.  paridin  ; 
100  pts.  alcohol  of  94*5  per  cent,  dissolve  2 pts.;  and  100  pts.  of  ordinary  spirit 
dis.solve  6 pts.  It  gives  off  6 8 per  cent  water  at  100®.  The  dried  substance  contains, 
according  to  L.  Gm»*lin,  65*51  per  cent  carbon  and  7’76  pc*r  cent.  hydn>gen,  agreeing 
nearly  with  the  formula  C*U’*0*,  which  requires  65*39  per  cent.  carlKin  and  7*69 
hydrogen.  Delfts  gives  the  formula  ; Walz  in  his  last  communication  assigns 

to  paridin  the  formula  C*^H**0'*. 

Paridin  is  immediately  coloun*d  red  by  strong  sulphuric  or  phosphoric  acid ; dccom- 
posf‘4  by  hot  nitric  acid;  dissolved,  without  coloration,  by  hydrochloric  acid;  decom- 
posed by  potash. 

>ARn>OX«  C**H**0*.— -A  8ul>8tance  form«*<i  tc^ether  witli  glucose  by  boiling 
a solution  of  paridin  in  hydrochloric  ucid  with  dilute  alcohol  (Walz) : 

+ H*0  « + C'H'HP, 

PA&ZSTZC  ACJQO.  The  name  given  by  Thomson  to  the  acid  contained  in 
Tarmelia  paridina,  afterwards  shown  to  be  chrysophanic  acid  (L  958). 

VAUXSmr.  Thomson's  name  for  the  yellow  colouring  matter  of  Parmrlia 
parittina,  which  is  identical  with  usnic  acid  (y.  «.). 

r AMUIO  *ACXD.  I SiULicra  (j.  r.). 

PASZB  BZilTZ:.  This  name  is  sometimes  used  to  designate  pure  Prussian  blue 
(ferric  ferrocyanide),  (ii.  227X  but  has  lately  been  applied  to  a very  pure  bright  blue 
colour  obtained  by  heating  aniline  with  stannic  chloride. 

PABZS  ZtAXB.  Svn,  with  Carkixe-lakb  (i.  804). 

PAJtZS  BSD.  A name  sometimes  applied  to  very  finely  divided  and  carefully 
pn^pared  ferric  oxide,  used  for  polishing  optical  glasses,  daguerreotype  plates,  gold  and 
silver  ornaments,  &c. 

PABZSZTS.  MvMonite. — A mineral  from  the  emerald  mines  of  the  I^Insso  Valley, 
New  Granada,  consisting  of  the  carlxmates  of  cerium,  lanthanum  and  didymium,  with 
fluoride  of  cerium  and  calcium.  It  is  foun«l  erystalliseil  in  elongated  double  six-sided 
pyramids  with  truncated  apex  ; basal  angle  164®  58' ; pyramidal  angle  120®  34'.  Cleav- 
nge  basal,  very  perfect.  Hardness  «»  4*5;  specific  gravity  4-35.  It  has  a vit- 
reous lustre,  pearly  or  resinous  on  the  cleavage-faces,  and  a brownish-yellow  colour: 
streak  yellowish-white. 

Analyses:  n,  b,  by  Punsen  (Ann.  Ch.  Fharm.  liii.  147)- — c by  II.  Deville  and 
Damour  (Bull.  Chim.  1864,  ii.  339). 


co« 

CeO  DiO  LeO 

C.O 

MnO  CiF> 

CeF* 

HO 

a. 

23-51 

69 

3-17 

. . 11-51 

2-38 

b. 

23-64 

60-26 

3-15 

. . 10-53 

, , 

2-42 

100*01 

100 


c.  23*48  42*52  9*58  8*26 


2*85  trace  10*10 


2*16  trace 


98*95 


2Co) 

The  last  analysis  may  be  pretty  nearly  represented  by  the  formula  ADi>C*0*.(Ca;Ce)F*, 

4La’ 

which  requires  24  61  CO*  40*27, CeO,  10*44  DiO,  10*44  TaO,  ana  14*54  CaF*. 


PARZSTTPHnrng.  C*n**0'*?  (Walz.  N.  Jahrb.  Pharm.  xiii.  355.)— A bitter 
substance  contained,  together  with  paridin,  in  Paris  quadrifolia,  and  prepared  from  the 
mother-liquor  of  that  substance  by  precipitating  with  tannic  acid,  separating  the  tannic 
acid  from  the  resulting  resinous  precipitate  by  means  of  lead-oxide,  and  purifying  the 
bitter  substance  from  still  adhering  paridin  by  repeated  solution  in  water,  and  con- 
centration, the  paridin  then  crystallising  out.  Paristyphin  is  thus  obtained  as  an  am- 
orphous mass,  which  is  resolved  by  boiling  with  water  into  glucose  and  paridin : 


C»n»*0'*  + 2H’0  * + C*H«*0* 


PABBZBDZA.  See  Lichens  (iii.  687). — Pannslia  cfratophylla  var.  physodes 
also  called  P&rmrlia  physodes^  contains  two  neutral  substances,  physodin  and  cer- 
atophyllin  (see  PiiYsonix). 

PABMBXt-BSD  and  PABMBZi-TSDZtOW  are  colouring  matters  contained 
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in  ParfTtelia  parutina.  The  latter  is  chiefly  cbrysopbanic  acid,  and  tho  former  appears 
to  bo  produced  from  it. 

FARTBSWXC  ACXO.  The  name  given  Peretti  to  the  acid  which  forms  in 
distilled  chamomilo  water  after  long  keeping,  it  is  said  to  form  u cr^’stallino  calcium- 
salt. 

PAJtXXBO.  Tho  separation  of  gold  from  silver  by  means  of  nitric  acid  (ii.  929, 

932). 

FASSXVB  8TATB  OF  MBTAX8.  See  Electbictty  (il  430). 

FABTE  or  8TBA8S.  A kind  of  glass  used  in  tho  manufactnro  of  artificial 
gems.  See  Glass  (ii.  841) ; also  Ure^s  Dictionary  of  Arts^  &c.  (iii.  407). 

P ASTXXV  ACXWXL  A pectiliar  substance,  probably  an  alkaloid,  said  byWittstein 
(Buchn.  Kepert.  xviii.  15)  to  exist  in  tho  seeds  of  the  parsnep  {Pastinaca  sativa). 

PA8TO-BB8XX0’.  C'*U*0^ — A resinous  substance  of  unknown  origin,  imported 
from  South  America,  where,  according  to  Boussingault,  it  is  used  by  tho  Pasto 
Indians  for  varnishing  wood.  It  is  viscid  and  capable  of  being  extendi  into  veiy 
tenacious  films,  w*hich  gradually  harden  without  Incoming  britHe.  It  is  destitute  of 
taste  and  smell,  has  a vitreous  fracture,  and  is  heavier  than  water.  When  heated  above 
100^,  it  becomes  clastic  like  caoutchouc,  takes  fire  and  burns  with  a smoky  flame. 
Alcohol  and  ether  extract  from  it  a small  quantity  of  green  resin,  and  leave  a strongly 
tumefied  mass,  perfectly  soluble  in  caustic  potash.  Oil  of  turpentine  does  not  act  upon 
it ; strong  sulphuric  acid  dissolves  it  w'ithout  decomposition.  (Boussingault,  ^n. 
Ch.  Pharra.  Ivi.  217.) 

PATCBOXTXiZ.  Pachupat  or  Patscha^pat. — The  herb  of  Pogostemon  Patchouli,  L., 
a labiate  plant  indigenous  in  the  East  India  Islands,  and  employed,  on  account  of  its 
pungent  odour,  like  that  of  Chenopodium  anikrlminticum,  for  presenting  fur  from  the 
attacks  of  insects;  also  in  perfumery.  When  distilled  it  gives  off  about  2 per  cent,  of 
volatile  oil.  It  also  contains  tannin  and  a green  odorous  resin. 

The  volatile  oil  of  patchouli  is  brownish-yellow,  somewhat  viscid  like  olive-oil,  has  a 
specific  gravity  of  0'9554  at  15'5®,  and  yields  at  267°  a hydrocarbon  resembling  oil  of 
cubtd)S ; the  portion  which  boils  at  a higher  temperature  contains  the  blue  substance 
called  cccrulein  (see  Oils,  Volatile,  p.  185).  For  the  refractive  power  of  patchouli- 
oil,  see  the  table,  p.  186. 

PAXXirA«  Antike  patina.  Patina  antique^  or  Patina  verte. — These  names  are 
applied  to  the  bard  green  or  blue-green  deposit  of  cupric  carbonate,  having  the  com- 
position of  malachite  (Cu*C0*.H*0)  which  forms  on  copper  or  bronze  that  has  been 
ex|)Osed  to  moist  air  for  a long  time,  or  has  lain  for  years  undergroand.  It  is  imitated 
artiflciHlly  by  wetting  the  surface  of  tho  meUil  with  dilute  solutions  of  acetic  acid, 
nitrate  of  copper,  sal-ammoniac,  salt  of  som*l,  &c.,  and  exposing  it  to  the  air.  That 
the  deposit  may  have  the  requisite  hardness,  it  must  be  formed  slowly,  and  hence  it  is 
necessary  to  use  dilute  solutions.  (Sc*e  Handwortcrbuch  d.  Chetnie,  vL  100.) 

PAXSUXriXB.  S^-n.  with  Aciclutb. 

PAITBXXB.  A variety  of  bypcrstiieno  from  the  island  of  St.  Paul,  on  the  coast  of 
I>abrador.  8|>ecific  gravity  3 389.  Contains  5136  per  cent,  silica,  0-37  alumina, 
21‘31  magnesia,  21*27  ferrous  oxide,  132  manganous  oxide,  and  3*09  lime  («*  98*72). 
(Damour,  Ann.  Min.  [4]  v.  147.) 

PAXTBOWJffZA  ZMPBRXAXtXS.  A colouring  matter  has  been  obtained  from 
the  capsules  of  this  plant  by  Belhomme  (Conipt.  rend.  xlriL  214) ; but  no  particulars 
have  Wn  published  respecting  it. 

PAVX8XZSX*  Fraxetin  (ii.  707). — According  to  recentexporimentsby  Rochleder 
(J.  pr.  Cbem.  xc.  433),  this  substance,  product-d  by  tliu  decomposition  of  paviin  from 
horsechestnut  bark  {yid,  inf.),  has  the  composition  C'*H*0*.  It  has  a lemon-yellow 
colour,  becomes  straw-yellow  at  120^,  and  is  converted  by  sublimation  at  200°  into  a 
Tna-**  of  woolly  crystals.  It  has  an  acid  reaction  and  combines  with  bases. 

PAVZZV.  Fraxin  (ii.  70S). — This  substance  Is  contained  in  that  portion  of  the 
precipitate  formed  by  neutral  acetate  of  lead  in  tho  a^jueous  decoction  of  hursechestmit 
bark,  which  is  soluble  in  water  containing  acetic  acid.  Its  composition,  as  determined 
by  analysis,  is  C**H'*0**  ■■  4C**H’*0'MI*0.  When  heated  in  a stream  of  carbonic 
anhydride  to  150°  it  becomes  anhydrous  (more  [quickly  at  200°),  and  has  then  the 
composition  C**H**0'*,  Paviin  at  117°  is  pole-yellow,  amorphous,  easily  friable  and 
still  contains  water ; it  melts  at  190°.  When  recrystaUisinl  from  hot  alcohol  it  is  imre 
white  and  gives  off  its  water  between  110°  and  113°.  By  boiling  with  dilute  acids,  it 
is  resolved  into  glucose  and  pavietin  or  fraxetin,  according  to  the  equation  : 

+ H»0  « + C*H'*0*, 
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acourdmg  to  which,  100  pts.  paviin  should  yield  06’5  pti.  paviotin ; the  quantity  found 
was  55“2.  (Kochleder, /oo.  «V.) 

PHAm  Piaum  mtivum. — The  composition  of  the  seed  and  straw  of  this  plant  has 
bi*€n  investigated  by  several  chemists. 

The  following  determinations  of  the  nitrogen,  fat,  ash,  and  water  in  fresh  pea-seeds 
are  by  Ward  and  Eggar,  made  under  Way's  direction  (Agr.  Soc.  J.  voL  z.  pt.  2; 
Juhresb.  1849,  p.  708): 

White  or  garden  peas,  grown  on  clay  soil 

White  or  garden  peas,  grown  on  sandy  soil  . 

On  y or  field  peas,  grown  on  clay  soil  . 

Grey  or  Geld  peas,  grown  on  sandy  soil 

Poggiale  ^J.  Pharm.  [3]  xxx.  180,  253 ; Jahresb.  1856,  p.  808)  found  in  common 
green  peas,  dned  and  shelled,  57‘7  per  cent,  starch,  dextrin  and  sugar,  21*7  nitrogenous 
substance  (logumin),  1*9  fatty  matter,  2 8 ash-constituents,  3 2 cellulose,  and  12*7 
water. 

W.  Mayor  (Ann.  Ch.  Pharm.  ci.  129;  Jahresb.  1857,  p.  637)  has  made  the 
following  determinations  of  the  water,  phosphoric  anhydride,  nitrogen  and  ash  in 
garden  and  field  poos : 


KUrogen 

Fat 

Water 

ppr  c>’nl. 

per  cent. 

percent. 

3-67 

101 

15-40 

2-97 

, , 

13-60 

3-47 

1*54 

10-60 

3-28 

1*04 

16-40 

Air<.lried. 

Dried  aubitance. 

H»0. 

N.  Alh. 

9-58 

1-458 

4 87  3-45 

8 99 

1 403 

4-81 

13-62 

1-025 

4-25  2-91 

Selected  peas  from  the  garden  of  the  Agricultural 
Society  at  Munich  ...... 

Bohemian  field  peas  ...... 

Field  peas  from  Schleisshcim,  Upper  Bararia 

(calcareous  soil) 

The  shells  of  peas  weigh  from  0 8 to  1 per  cent,  os  much  as  the  seed.  The  weight 
of  straw  is  about  2*7  times  as  much  as  that  of  the  seed,  or  27  pts.  seed  to  73  pts.  straw 
in  100  pts.  of  total  weight  (Schwarz).  100  pts.  of  pea-straw  contain  12  pts.  nitrogen- 
ous matter,  21*9  matter  soluble  in  potash,  47*3  per  cent,  nou-azotised  matter  insoluble 
therein,  6 0 ash,  and  12*0  water. 

WayandOgston  (Agr.  Soc.  J.  voL  vii.pt.  2;  Jahresb.  1849,  p.  672)  found  in 
peas  of  various  kinds  (air-dried)  from  13*6  to  17*5  per  cent,  water;  and  the  peas  dried 
at  loo®  were  found  to  contmn  0*25  to  0*372  per  cent,  sulphur,  and  2 39  to  2*68  per 
cent.  ash. 


In  the  straw  of  ganlen-peas  (air-dried)  the  same  chemists  found  15*38  to  15*64  per 
cent,  water;  that  of  white  peas  dried  at  100®,  yield^-d  8*92  to  9*40  per  cent,  ash  ; that 
of  grey  peas  6*5  to  7*5  per  cent. 

'The  composition  of  the  iishof  peas  and  pea-straw,  as  determined  by  Way  and  Ogston, 
is  given  in  the  table,  p.  359. 

The  ash  of  pea-straw  has  also  been  analysed  by  Hertwig,  with  the  following 
results : 

a.  Pea-straw  from  Duderstadt ; b.  from  Thuringen. 


1 


Carbonate  of  Potassium  . 
Carbonate  of  Sodium 

4-l| 
8-3  i 

4-3 

Sulphate  of  Potassium 

10-7 

12-0 

Chloride  of  Sodium 

4-6 

3-7 

Silica  . . . , 

7-8 

15-5 

Carbonate  of  Calcium 

47-8 

49-7 

Magnesia  . . , 

a, 

4 0 

b. 

1*4 

Phosphate  of  Calciunt 

6*1 

1*1 

PhoH|,ihale  of  Magiie»iium  . 
Ferric  and  Aluminic 

4 4 

7*8 

Phosphates 

2 1 

3*6 

98  9 

99*1 

For  numerous  other  analyses  of  the  ash  of  peas  and  pea-straw,  made  chiefly  at  the  in- 
stigation  of  the  PruHsian  Agricultural  College,  see  Liebig  and  Kopp's  Jaliresbericht, 
i.  1074,  Tabic  A.  Nos.  5,  6,  7,  8,  10, 11  ; and  ii.  636,  Table  B.  Nos.  1—32. 


PStAOB.  See  F&uit  (ii.  7 15). 

PBACOOK  COPPBB  OMS.  Syn.  with  PcaPLB  Copper.  (See  Copter,  Sul- 
ruii>ES  OP,  ii.  78.) 

PZlABXi.  A liighly  prized  spherical  concretion  found  within  the  shell  of  the  pearl- 
oyster.  These  molluscs  are  subject  to  a kind  of  disease,  caused  by  the  introduction  of 
foreign  bodii*8  within  their  shells.  In  this  case  the  inner  layer  of  the  shell,  the  mother- 
of-poiirl  (p.  322),  instead  of  being  spread  in  thin  layers  on  the  inside  of  the  shell, 
accumulates  round  these  particles  in  concentric  layers,  forming  penrls.  These  concre- 
tions consist  of  carbonate  of  calcium  interstratified  with  cellular  membrane.  They  liave 
a blnish-white  colour,  witli  considerable  lustn-  and  iridescence.  The  most  valuable 
pearl  fisheries  are  on  the  coa.vl  of  Ceylon,  and  at  Olmutz  in  the  Persian  Gulf. 
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FBA&IL-ASB.  Partially  purified  carbunate  of  potassium,  prepared  from  the  asliea 
of  plants  (see  CABUo.vaTK^,  t.  790). 

PBAJtXi-MZCA.  Syn.  with  Mabosbitb. 

PZLA.R]L«>8ZirTZSl  or  Fevritf. — A variety  of  opnl  occurring  in  tho  cavities  of 
volcanic  tufa  (sec  Opal,  p.  204). 

PZIA&^SPAB.  This  name  is  applied  to  rbombohedral  crystallisations  of  dolomite 
(magnesio-calcic  carbonate)  having  curved  faces  and  a pearly  lustre ; when  the  crystals 
are  not  curved,  and  have  a brown  or  reddish-brown  colour,  they  are  called  broum  spar: 
the  latter  variety  contains  from  5 to  10  par  cent,  oxide  of  iron  or  manganese. 

PZlAR]L-8T01fS.  A felspatliic  mineral,  having  a pearly  lustre,  occurring  in 
spherules  or  spheroidal  concretions.  Specific  gravity  2’3  to  2*4.  A specimen  fiom 
Hungary  analysed  by  Erdmann  gave  72  87  per  c<*nt.  silica,  12*05  alumina,  l*76ferric 
oxide,  1*30  lime,  1*10  magnesia,  6*13  potash  and  soda,  and  3 00  water  (»  98*20). 

PSASTOBE  or  PZSOEZTS.  A calcareous  rock  consisting  of  spherical  grains 
like  oolite,  but  differing  therefrom  by  the  lai^r  size  of  its  particles,  which  are  composed 
of  concentric  laminse. 

PEAT.  Torf ; Tourhe. — This  product  of  the  natural  alteration  of  plant-tissues  is 
of  frequent  occurrence  in  places  where  the  presence  of  st:ignant  water  or  a very  humid 
atmosphere  and  certain  otner  conditions  have  favoured  tho  growth  of  mosses  and  marsh 
plants,  tc^ether  with  certain  kinds  of  grass,  heath,  &c.  Tlie  remains  of  these  plants, 
gradually  accumulated  and  chemically  altered  to  a greater  or  less  extent,  often  consti- 
tute beds  of  considerable  extent,  varying  in  thickness  from  a few  inches  to  many  feet. 

There  are  many  kinds  of  peat,  presenting  very  great  diversity  in  their  texture,  colour, 
and  most  other  characters ; some  varieties  consist  almost  entirely  of  witbeifd  reimuns 
of  plants  which  have  undergone  but  little  alteration  except  mechanically ; in  other  varie- 
ties tho  organised  structure  of  the  plant  remains  more  or  less  distinctly  recognisable, 
and  in  other  kinds  there  is  no  obvious  indication  of  pbint-structuro  remaining.  Peat 
of  the  former  kind  is  g<*ncrally  of  a pale  yellowish-brown  colour,  very  bulky  and  re- 
tentive of  water ; when  dried  it  is  very  light  and  spongy,  somewhat  resembling  com- 
pressed hay,  and  its  specific  grarity  is  often  as  low  as  0-25.  Peat  of  the  latter  kind, 
on  the  contrary,  is  either  black  or  dark  brown,  and  in  its  natural  state  Ims  a clayey 
consistency  witliout  any  fibre,  so  that  it  can  sometimes  l>e  wrought  into  tiles  or  pipes 
for  draining  purposes ; when  such  peat  is  dried,  it  shrinks  considerably,  and  becomes 
denser  than  water,  very  good  kinds  haring  sometimes  a specific  gravity  of  1*25.  Be- 
tween these  two  extremes  numerous  intermediate  kinds  of  peat  are  met  with.  In  the 
natural  state,  j'eat  is  always  mechanically  mixtri  with  a very  large  proportion  of  water, 
varying  from  eighty  to  upwards  of  ninety  per  cent,  by  weight,  the  fibrous  kinds  always 
containing  the  hirgo»t  amount  of  water.  When  the  water  is  separated  by  drying  the 
peat  in  thin  slices  in  the  air,  a quantity  still  remains  which  is  not  separable  by  air- 
drying, and  amounting  generally  to  15  or  3U  per  cent,  of  the  air-dried  material. 

The  largo  amount  of  water  mixed  with  peat  in  its  natural  state  is  the  most  serious 
obstacle  to  the  useful  application  of  this  material  upon  any  extensive  scale,  ns  fuel  and 
for  other  purposes,  for  the  practical  difficulties  of  separating  this  water  by  air-drying 
rapidly  increase  in  proportion  to  tho  extent  upon  which  the  peat  is  collected.  Thehygro- 
scopic  water  still  remaining  in  air-drii*d  peal  is  also  highly  prejudicial  to  its  utility 
us  ruel.  Hence  it  is  that  wherever  coal  can  be  obtained  at  a mojierate  cost,  not  ex- 
ceeding ten  shillings  per  ton,  it  is  impossible  to  uj><‘  |»eat  as  fuel  with  advantage,  and 
it  may  be  preferable  to  use  ccwil  even  where  it  costs  as  much  us  twenty  shillings  per 
ton,  when  th#'  peat  is  far  distant  from  the  place  where  fuel  is  required,  imisiuuch  os 
the  carriage  of  peat,  which  has  a much  smaller  fuel-value  than  coal,  will  olteu  make  its 
cost  cHiual  to  that  of  an  equivalent  quantity  of  coal.  (See  Fuel,  ii.  723.) 

The  composition  of  drj’  peat  presents  differences  as  great  as  those  existing  between 
the  several  kinds  in  other  respects. 

The  amount  of  ash  in  peal  is  very  variable,  ns  will  l)e  seen  from  tho  following  table, 
and  there  are  «*qually  great  differences  in  the  composition  of  these  ashes.  It  is  very 
rarely  that  the  composition  of  peat-ash  is  such  as  to  admit  of  the  opinion  that  it  rt'pre- 
Kcnts  merely  the  minenil  constituents  of  the  plants  from  whose  remains  the  peat  has  been 
formed.  In  most  cases  a large  portion  of  this  ash  is  referrible  either  to  more  me- 
chanical admixture  of  earth,  or  to  the  deposition  of  mineral  substances  from  water 
penneuting  tho  p<*at,  and  consequently  the  composition  of  the  ash  is  much  influenced  by 
the  nature  of  the  prevailing  rocks  in  the  neighbourhood  of  peat-deposits,  or  such  parts 
of  those  rocks  as  are  carried  away  cit  her  meclmnicuUy  or  chemically  by  the  action  of 
water.  The  permeation  of  peat  by  water  probably  exercises  a further  influence  in 
altering  the  composition  of  its  mineral  or  ash  constituents,  by  abstracting  certain  sub- 
stances, in  virtue  either  of  a kind  of  dialysis  or  of  chemical  reaction,  yucli  being  the 
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caso,  the  composition  of  peat-ashes  and  the  nature  of  the  changes  tlicy  bare  undergone 
would  be  determined  mainly  by  local  conditions,  and  in  this  way  the  great  diversity  of 
composition  which  is  found  to  exist  may  be  to  some  extent  accounted  for. 

when  air-dried  peat  is  exposed  to  a tempeniture  of  100®  C.,  it  generally  loses  from 
15  to  30  per  cent,  of  its  weight,  consisting  chiefly  of  hygroscopic  water;  but,  according 
to  MarsiUy,  some  decomposition  takes  place  even  at  that  temperature,  and  volatile 
products  containing  carbon  and  hydrogen  are  evolved  in  small  quantity.  At  higher 
temperatures  peat  is  entirely  decompt^ed,  yielding  the  ordinary  products  of  dry  or  de- 
structive distillation,  viz.  gas,  tar,  a watery  liquid,  and  a corl)onaceous  residue.  These 
products  and  their  coustituents  art*,  in  their  general  character,  intermediate  between 
the  analogous  products  obtained  under  similar  conditions  from  wood  and  from  bitu- 
minous minerals,  their  relative  amount,  chemical  nature,  &c.,  being  dependent  upon 
the  temperature  at  which  the  decomposition  takes  place,  as  in  all  other  cases  of  destruc- 
tive distillation.  The  several  products  of  the  distillation  of  peat  also  vary  to  some 
extent  both  in  quantity  and  quality  according  as  the  peat  approximates  more,  on  the 
one  hand,  to  unaltered  wood,  or  on  the  other  hand  to  coal,  just  in  tlie  same  manner  as 
there  are  similar  differences  of  degree  between  the  products  of  different  bituminous 
minerals. 

CoMPOsmoN  OF  Prat. 


Specific 

gravity. 

Water 

Perceutage  compotltloa  of  peat  dried  at  100°  C. 

alr<irie<! 

peut. 

Carbon. 

drog'eii. 

Oxygen. 

Nitro* 

gen. 

A«h. 

Authority. 

Cannogo 

. 

. 

6105 

6-85 

39 

55 

255 

Kano 

Kilbeggan , 

. . 

6104 

6-67 

30 

46 

1-83 

KilUba  . 

, 

. , 

5113 

6-33 

34 

48 

8-06 

Phillipstown 

J 

0 

405 

. , 

68  69 

697 

32-88 

1 46 

1-99 

Sullivan 

< 

0 

669 

. 

60-48 

610 

32-55 

0-88 

3-30 

and  Gages 

0 

335 

69-92 

6-61 

32-22 

1-26 

2-74 

Wood  of  Allen 

u 

639 

to 

[•  • 

61-02 

677 

32-40 

0-81 

7*90 

II 

0 

672 

Devon 

0 

850 

25-66 

54-02 

6-21 

28-17 

2-30 

9-73 

Vaux 

Island  of  Le 

1 

130 

23-20 

6000 

6-90 

3000 

1-30 

1-90 

Paul 

Br^Ies 

1 

0 

217 

46-80 

5 65 

41 

15 

6-40 

Marsilly 

3 14 

47-48 

7-16 

36 

06 

9 00 

Thesy 

} 

3-07 

50-67 

6-76 

30-95 

1-92 

6 70 

} 



7-20 

43-65 

5-79 

36 

66 

14-00 

Bourdon 

5-55 

47-69 

6-01 

39 

30 

7-00 

Camon 

6-59 

4011 

6-99 

36  97 

2-63 

9-40 

Riemencourt 

1-81 

12-99 

2-22 

19 

31 

6601 

Vulcaire 

67-03 

6-63 

29-67 

209 

5-58 

Regnault 

JjlUg 

68  09 

6-93 

31 

37 

4*61 

Framont 

67-79 

611 

30 

77 

6-33 

Friesland  • 

! 

67-16 

69-86 

6-65 

6-52 

33 

33 

39 

71 

3-80 

0-91 

Mulder 

Holland 

60-85 

4-65 

30 

25 

14-25 

Rammstein 

16-70 

62-15 

0-29 

27-20 

1-66 

2-70 

Wail 

Steinwenden 

16  00 

67-60 

6-90 

31-81 

1-75 

204 

Niedermoor 

1700 

47-90 

5-80 

42 

80 

3-50 

( 

16-70 

60-13 

4-20 

31 

44 

8-92 

Baer 

Pnissian  . 

to 

1 

21-70 

66-01 

6-36 

35 

24 

1117 

c 

17-63 

66-43 

6-32 

38 

35 

9-86 

Juekel 

Havel 

i 

19-32 

63-51 

6-90 

40 

59 

6-60 

( 

18-89 

63-31 

5-31 

41 

38 

6-80 

Linum 

31-34 

69-43 

6-26 

35 

31 

1P99 

Hamburg  . 

5 

18-83 

67-20 

6-32 

37 

56 

2-31 

• 

. . 

57-84 

6-85 

32-76 

0-95 

2-60 

Breuningor 

1 

57-03 

6-66 

3415 

1-67 

1-57 

Schopfloch  . 

2000 

53-50 

5-60 

30-32 

2-71 

8-10 

Nesslerand 

SindelQugen 

5 

18-00 

45-44 

6-28 

26-21 

1-46 

21-60 

Petersen 

} 

18  00 

3872 

4-24 

25-89 

0-88 

30-60 

11-77 

46-76 

3-57 

25  87 

0-67 

089 

>1 

Baden 

\ 

, 

, 

to 

1 

18-66 

60-79 

7-10 

49-01 

6-33 

14-76 

It 
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Akalysbs  or  Prat  Ashea. 


Source  ' 

Dutch. 

.\t*rrkiw- 

lu. 

varUi). 

trldh. 

Autluiritf. 

And^rs'Ki. 

JahnMm. 

VViitupr 

SuUlTvtn  and  Cage*  j 

.Sxla  . 

li 

10 

. . 

0-6 

• . 

0-3 

0-079 

1-127 

Potash 

1-2 

0-7 

0 4 

0-7 

0'8 

O” 

0-317 

0-;!62 

Msgiicsia  . 

4-6 

0-4 

. . 

60 

4 9 

0-9 

1-256 

3-3U-2 

Janio 

n-7 

1-2 

1-3 

40-5 

35 -6 

11-2 

45-881 

26  113 

Alnnrins  . 

2-9 

1-8 

28-4 

0-129 

41 80 

1 Ferric  oxiiie 

6-3 

30-7 

12  6 

61 

91 

■}  5 

15-971 

H-6UI  I 

I*hcj^huric  add  . 
Sulphuric  acid  , 

. . 

0-6 

0-7 

0 9 

0-188 

1-461  I 

9-7 

6-5 

20 

6-6 

101 

2-6 

41-371 

12-103  1 

Chkiriut?  . 

1-.6 

0 1 

01 

0-4 

trace 

IICI  0-33- 

1-568  i 

Si!ic.a 

98 

81-6 

8-2 

1-4 

12-3 

1-013 

0-080 

Carboaic  acid 

. , 

. . 

. , 

10 

10-120 

13-085 

Saad,  day,  &-C.  . 

51-5 

60  6 

31-7 

37'3 

37-2 

2-653 

22-519  j 

_ 

99-678 

99-691  1 

The  chemical  nature  of  the  chanp  by  which  peat  hae  been  produced  from  plant-re* 
mains  is  probably  rery  similar  to  that  by  which  bituminous  minerals  hare  been  formed 
from  analogous  materials.  It  consists  chiefly  in  elimination  of  oxygen  and  hydrogen 
in  the  proportion  to  form  water,  also  of  oxyp^cn  and  carbon  in  the  proportion  to  form 
carbonic  acid,  and  of  hydrogen  and  carbon  in  the  proportion  to  form  marsh  gas  and 
perhaps  other  hydrocarbons,  the  main  feature  of  this  change  being  the  increase  in  the 
amount  of  carbon  in  the  residual  substance.  Hence  the  composition  of  different  kinds 
of  pejit  varies  in  proportion  to  the  extent  to  which  this  alteration  may  have  advanced, 
and  peat  which  bias  been  little  altered  will  possess  a composition  more  or  less  approxi* 
mating  to  that  of  ligneous  tissue  or  of  wooa,  while  those  kinds  which  have  unaergone 
greater  alteration  will  posscas  a composition  approximating  more  to  that  of  coiJ,  or 
lignite,  or  other  bituminous  mineral^  according  to  the  conditions  under  which  this 
change  has  taken  place.  The  physical  characters  of  peat,  such  as  texture,  colour,  den- 
sity, occ.,  also  bear  a similar  relation  to  the  degree  of  chemical  alteration  which  has 
been  reached,  the  fibrous,  light  coloured,  spongy  kinds  being  most  similar  to  wood  in 
composition  as  well  as  most  unlike  coal  or  lignite,  &c.,  while  on  the  contrary  the  com- 
pact, dark  coloured,  dense  varioties  of  peat  often  resomblo  lignite  and  some  kinds  of 
coal  in  composition  as  well  as  in  their  physical  characters.  It  is  indeed  probable  that 
peat  may  be  regarded  as  a sort  of  intermediate  product  of  the  same  general  mode  of 
alteration  by  wmch  coal  and  other  bituminous  muierals  have  been  formed,  und  that  if 
deposits  of  peat  wore  placed  under  conditions  such  as  those  in  which  coal,  &c.,  have 
been  produced,  the  peat  might  in  process  of  time  become  converted  into  coal. 

B.  H.  P. 

IPSCTASZ.  A fermentative  substance  existing  in  fruits,  and  haring  the  property 
of  converting  pectin  into  pectic,  parapectic,  and  metapectic  acids.  It  has  not  been 
obtained  in  the  pure  state.  (Sec  p.  362.) 

P^CTOCS  SUBSTAHCBS  (p.  302). 

VBCTOUm.  Otmdilf. — A hydnted  silicate  of  calcinm  andsodiam,  occurring 
in  aggregated  acicular  monoclinic  crystals,  haring  nearly  the  same  angles  as  vuUas- 
tonite,  and  clearing  perfectly  parallel  to  the  orthodiagonal.  Twins,  parallel  to  ooPoo , are 
of  frequent  occorrence.  It  also  occurs  Bbrous,  massire,  radiated  or  stellar.  Hardness 
6.  Specific  gravity  — 2*08 — 2 74.  Colour  whitish  or  greyish,  with  silky  or  sub* 
ritreous  lustre  on  the  fractured  surface ; eubtranslucent  to  opaque.  Tough  like  dys* 
claaite.  Melts  before  the  blovrpipe  to  a translucent  glass.  Decomposed  hr  hydrochloric 
acid,  vrith  separation  of  flocculent  silica ; gelatinises  if  prcvlonsly  ignited. 

Analvacs. — a.  From  Monte  Baldo  in  Upper  Italy  (v.  Kobell,  Kostn.  Arch.  xiii. 
386  : iiT.  341). — b.  Isle  Royal,  Lake  Superior  (Whitney,  SilL  Am.  J.  [21  'vii.  434). 
— c.  Talisker,  Islcof  Skye;  specific graTity2'784  (Heddle,  Phil.  Mug.[41ui.  248). — 
d.  Castle  Hill,  Edinburgh,  associated  vrith  woUastonite  and  prehnite  (Heddle  and 
Greg,  loc.  cit.).~e.  KnockdoUan  Hill  near  Ballantra,  Ayrshire ; specific  gravity  2'778 
(Heddle  and  Greg).— /.  Bergen  Hill,  New  Jersey;  mean  of  three  closely  agreeing 
analyses  (Whitney,  Sill.  Am.  J.  [2]  xiix.  206).— o.  I>angban’s  iron-mine  in  Wermland, 
Sweden;  in  fibres  like  asbestos,  but  more  compact  (Igelstrom,  J.pr.  Chem.  Ixxxi.  396). 
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a. 

b. 

c. 

d. 

e. 

/. 

X* 

Silica 

61-30 

63-15 

53-82 

63-06 

53-24 

64-62 

52-24 

Alumina  . 

0-90 

4*94 

2-73* 

0-75 

1*00 

Lime 

Ferrous  oxide  ) 

Manguuous  oxide  ) 

33  77 

31-21 

29-88 

33-48 

32-22 

32-94 

1-09 

33-83 

1-75 

Soda 

8-26 

7-37 

9-65 

9-98 

9-57 

8-961 

8-48t 

Potash  , . . 

1-57 

, . 

. , 

, 

• • 

Water 

3-89 

2-72 

3-76 

3-13 

3-60 

2-39J 

3-70 

99-69 

99-69 

99-74 

100-40 

99-63 

100-00 

100-00 

These  analyses  may  be  nearly  represented  by  the  formula  (Na*0.2Si0*).4(Ca"0.Si0*). 

It 

IPO  or  (XaHCa*)Si"0*  or  reqnii^g  54*87  per  cent,  silica,  3*25  lime, 

9*20  soda,  and  2*68  water.  From  the  last  analysis  Igelstrom  deduces  the  formula 
3(2JI*0.3Si0^).Ca*'H*0». 

PBCTOSB.  ^ 

PBCTOSZO  ACZB.  V See  Picrous  Substances. 

PBCTOU8  ACZ1>.  ) 

PBCTOITB  SUBSTAJrcZiS.  PfcHn,  Ptctic  acid,  Pcctour,  ^c.  (Van  quel  in, 
Ann,  Chim.  v.  100;  ri.  282;  Ann.  Ch.  Phys.  [2]  xli.  46. — Braconnot,  Ann.  Ch. 
Pbys.  12]  xxTiii.  173;  xxe.  96;  zlvii.  266;  Ixxii.  433. — Guibourt,  J.  Chim.  m^d.  i. 
27. — Mulder,  J.  pr.  Chem.  xiv.  277  ; xvi.  246. — Frimy,  Ann.  Ch.  Phys.  f3]  exit.  9. 
— Soubeiran,  J.  Pharm.  [3]  xi.  417. — Poumar^de  and  Figuier.  J.  Phann.  [3] 
xi.  4o8;  xii.  81. — Chodnew,  Ann.  Ch.  Pharm.  IL  366. — Fr.  John,  N.  Br.  Arch.  xlv. 
24,  129. — Gm.  xr.  392. — Gerh,  ii.  584). — The  pulp  of  fleshy  fruits  in  the  unrip«'  state, 
abo  fleshy  roots  and  other  Tcgetable  organs,  contain  a substance  called  pectose,  which 
is  insoluble  in  water,  but  undiT  the  influence  of  acids  and  other  nagents,  is  transformed 
into  a soluble  substance,  pectin,  identical  with  that  which  exists  in  ripe  fhiits  and 
imparts  to  their  juice  the  property  of  gelatinising  when  boiled. 

Pectose  almost  always  accompanies  cellulose  in  the  tissue  of  plants,  but  as  it  is  in^ 
soluble  in  water,  alcohol  and  ether,  and  is  morcoTor  decomnoe^  or  altered  by  most 
rea^nts,  it  has  not  yet  been  isolated.  It  is  this  substance  wtiich  gives  the  barduess  to 
unnpe  fruits.  It  is  probably  isomeric  with  cellulose,  or  differs  firom  it  only  by  the 
elements  of  water. 

Pectin  does  not  exist  ready  formed  in  fruits,  excepting  when  they  are  very  ripe.  It 
is  formed  in  fruits  from  pectose  under  the  influence  of  heat,  its  formation  being  then 
due  to  the  action  of  citric  and  malic  aci<ls.  The  juice  expressed  from  an  unripe  apple 
does  not  contain  a truce  of  pectin,  but  if  it  be  boiled  for  a few  minutes  with  the  pulp 
of  the  fruit,  |>octin  soon  appears  and  gives  to  the  liquid  the  peculiar  viscosity  which 
characterises  the  juice  of  all  boiled  fruits. 

Pectin  may  also  be  formed  by  boiling  the  pulp  of  carrots  or  turnips  with  a slightly  acid 
liquid. 

Under  the  influence  of  acids  or  alkalis,  pc'Ctin  is  gradually  modified,  and  ultimately 
transformed  into  a strongly  acid  compound  called  metapectic  acid,  passing  however 
through  a series  of  intermediate  mo^fications  called  by  Fremy,  parapectin,  meta* 
pectin,  pectosic  acid,  pectic  acid,  and  parapectic  acid.  The  composition  of 
those  bodies  cannot  be  regarded  as  definitely  established,  os  tliey  are  unciy  stallisable, 
and  it  is  very  difficult  to  free  them  completely  from  mineral  substances.  It  is  probable 
however  that  they  are  either  isomeric  modifications  of  the  same  chemical  compound,  or 
else  differ  from  one  another  only  by  the  elements  of  water. 

Pectin  uudergoos  transformation  not  only  when  subjected  to  the  action  of  the  above- 
mentioned  chemical  reage  nts,  but  also  in  the  living  plant  According  to  Fr^my,  all 
vegetal  tissues  which  contain  pectose  (the  primary  material  from  which  p«?ctin  is 
formed),  contain  also  a kind  of  ferment  called  pectase,  comparable  in  its  mode  of 
action  to  tlie  diastase  of  germinating  barley  and  the  emulsin  of  bitter  almonds.  It  is 
an  uncrystallisable  substance,  which  may  be  obtained  by  precipitating  the  juice  of  fresh 
carrots  with  alcohol.  The  pectase  which  was  previously  soluble^  then  becomes  insolublo 
in  water,  without  however  losing  its  power  of  acting  on  pectous  substances.  When  in- 
troduced into  a solution  of  pectin,  it  quickly  converts  that  body  into  a gelatinous  product, 
insoluble  in  cold  water;  this  transformation  takes  place  in  water  at  the  temperuturo  of 
about  40*^.  Pectase  immersed  in  water  for  two  or  three  days,  is  decompose^  becomes 

* With  Terrk  oxl<l«  and  maaestts. 

t By  luM.  A direct  deterroUukUoo  of  the  water  In  the  mineral  dried  st  gave  S*75~'3’09  per  cent. 

X Bj  difference. 


Digitized  by  Google 


364 


PECTOUS  SUBSTANCES. 


coverc-d  with  mould,  and  is  thon  no  lonprT  capable  of  acting  aa  a pcctous  ferment ; ita 
ft  rm**  Ilia  tiro  action  is  likewiae  paralyaed  by  prolonped  ebullition. 

IV^ctase  exists  in  the  vegetal  organism  sometimes  in  the  soluble,  sonietimea  in  tho 
insoluble  state.  Koots  like  currots  and  beet-root  contain  soluble  peetase ; their  juice 
in  fact  induces  the  pectous  fermentation,  wlu  n^as  llie  juice  of  apples  and  other  acid 
fruits  has  no  action  U|X>n  pectin.  In  these  fruits,  the  |.'<*cia*iO  is  associated  with  tho 
insoluble  portion  of  the  pulp,  w»  that  when  the  pulp  of  unrija*  uppli*s  is  introduced  into 
a solution  of  pi'Ctin,  this  solution  quickly  bct'omes  gelatinous,  iu  consequence  of  the 
Conversion  of  the  pectin  into  pectosic  and  pciiuus  acids.  Soluble  pectase,  as  alri'ady 
observed,  may  be  rendered  tnsoluble  by  precipitation  with  aleolioL 

When  a fruit,  such  as  a^ear,  apple,  or  plum,  is  heated  in  contact  with  water,  it  ex- 
pcTiences,  according  to  F re  my,  the  following  changes.  The  acid  contained  in  it,  which 
18  usually  a mixture  of  malic  and  citric  acld^  first  acts  upon  the  pectoeo  and  converts 
it  into  pectin,  part  of  which  remains  in  tlie  juice,  rendering  it  viscous  and  masking  the 
acidity  of  tho  fruit.  In  the  next  place  the  pectase,  acting  upon  the  pectin,  prtKluces 
a certain  quantity  of  poctosic  acid  which  gelatinise.'i  on  cooling.  If  the  action  of  tho 
pectase  be  prolonged,  tho  peclosic  acid  may  be  changed  into  pt*ctic  acid.  If  the  fruit 
IS  rapidly  heated,  the  pectase  likewise  coagulates,  loses  its  actirity,  and  no  longer  acts 
upon  the  pectin.  When  a fruit  is  l>oiled,  the  pectose  alone  is  altered,  while  llio  cel- 
lulose does  not  experience  any  change. 

Green  fruits,  as  already  ol>sen  ed,  do  not  contain  pect  in  rea»ly  formed,  but  only  pectose, 
the  scanty  precipitate  which  their  juice  yields  with  alc«>liol  being  due  to  albuminous 
matter.  But  as  the  ripening  advances,  the  fruit  gradually  loses  its  hardness,  the  cells 
become  distended  and  semi-tronspan  nt,  and  the  juice  then  contains  only  pectin,  which 
does  not  prt*cipitate  neutral  acetate  of  lead.  When  the  fruit  is  ripe,  the  juice  Ih'comes 
gummy  and  contains  a large  quantity  of  pectin,  and  still  more  of  para|>ectin,  which 
forma  a precipitate  with  aeetiUe  of  lead.  At  this  time,  tho  pulp,  if  carefully  washed, 
dixa  not  exhibit  any  sensible  quantity  of  ptnrtose,  this  sul>stance  havin|»  been  changid 
in  the  process  of  maturation  into  p<*ctin  and  parap<*ctin.  Lastly,  fruits  in  the  over-ripe 
state  no  longer  contain  a trace  of  pectin,  that  subatauci*  having  been  converted  into 
mctapeotic  acid,  which  is  satumted  by  the  potash  or  lime  in  the  fruit. 

It  appi'ars  then  that  the  gelatinous  or  pectous  constituents  of  fruit  experience* dur- 
ing vegetation,  transformations  identical  with  those  which  may  be  produced  in  them 
artificially  by  the  action  of  acids,  water,  alkalis,  or  pectase. 

We  shall  now  describe  tho  several  bodies  of  tlie  pectous  group,  taking  them  in  tho 
order  in  which  they  are  formed  from  pcctose. 

Fectln.  This  substance  was  discovered  by  Braconnot.  F r ^ m y preparc*s  it  by 
treating  the  expn'ssed  and  filtered  juice  of  very  rijw  pears  with  oxalic  acid  to  pivcipitate 
the  dissolved  lime,  and  with  tannic  acid  to  prtx'ipitate  albumin,  and  mixing  the  filtrate 
with  alcohol,  which  precipitates  pectin  in  long  threads.  These  are  purified  by  washiug 
with  alcohol,  re})eated  solution  in  cold  wati^r,  and  precipitation  with  alcohol,  till  neither 
sugar  nor  organic  acid  can  \fc  detected  in  the  solution. — Braco  nnot  boils  the  recently 
expressed  juice  of  ripe  apples  for  a while  to  coagoilate  the  albumin,  precipitates  tlio 
filtrate  with  alcohol,  and  purifies  it  by  repeated  solution  in  water  and  pn^^ipitation  with 
alcohol. — Poumar^de  and  Fignier  leave  comminuted  gentian-roots  to  soften  in 
warm  water,  wash  them  thoroughly  with  water  and  very  dilute  acetic  acid,  digest 
the  roots  thus  prepared  with  very  dilute  acetic  acid  at  8(»® — 90®  for  half  or  thre»»- 
qoarters  of  an  hour,  and  precipitate  the  solution  with  alcohol  of  36®. — Mulder  pre- 
cipitates the  expressed  and  filtered  juice  of  apples  with  alcohol,  and  boils  the  precipitate 
with  alcohol,  to  remove  sugar,  malic  acid  and  tannin.— Chodnew  obtained  pectin: 
a.  By  boiling  crushed  pears  with  water,  precipitating  the  filtered  juice  with  alcohol, 
and  washing  with  alcohol  and  ether;  whereupon  it  UM?onies  opaque  and  acquires  the 
texture  of  woody  fibre.  (This  pectin  is  not  precipitated  by  chloride  of  barium,  but 
gives  a precipitate  with  neutral  acetiUe  ofleadandsulphateof copper,  and  therefore  agree* 
with  Fr^my’s  parapectin,  p.  364); — or  0.  By  boiling  the  cxpre-ssisl  juice  of  appli'S, 
precipitating  with  alctjhol,  redissolving  in  water,  mixing  tho  solution  with  hydro- 
chloric acid,  and  again  precipitating  with  alcohol.  (This  pectin  ri'sembles  the  former, 
but  has  a slight  acid  Tv*action,  and  sometimes  n^duces  an  alkaline  cupric  solution.) 

S tilde  (Ann.  Ch.  Pharm.  cxxxi.  58)  prepares  pectin  from  radishes,  by  rasping  tho 
pulp,  leaving  it  to  macerate  for  some  hours  with  water,  pressing,  heating  just  to  the 
boiling  point,  filtering,  then  precipitating  with  basic  acetate  of  lead,  di'ooinposing  the 
precipitate  with  sulphydric  acid,  and  precipitating  the  filtrate  with  alcohol,*  Ue  is  of 
opinion  that  the  IkkI^  which  yields  pectin  when  unri|>e  fruits,  &c.,  arc*  boiled  with  acids, 
is  not  a simple  proxinuito  principle  (pectosc),  but  a eomjiouDd  of  ^>ectin  with  lime;  for, 

* If  neutral  aceUttr  of  lead  be  added  to  the  boiled  lolntion  iottead  of  the  baiic  acetate,  a let<  abundant 
preeipUaU  U obtained,  coiuisUng  of  load-iulphate  and  tbe  lead>coni pound  of  a new  glycofenout  tub- 
•lance. 
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on  washing  rodish>pulp  completely  with  water  and  then  treating  it  with  an  acid,  lime 
passes  into  solution  as  well  as  pectin. 

Proper//Vs.— Pectin  is  a white  amorphous  mass,  soluble  in  water,  neutral  to  test-papers, 
precipitated  by  alcohol  as  a jelly  from  dilute  solutions,  in  long  threads  from  strong 
solutions.  When  pure  it  is  not  precipitated  by  neutral  acetate  of  lead,  hut  it  is  gen- 
erally mixed  with  a certain  quantity  of  parapectin,  which  gives  a precipitate  with  that, 
reagent.  With  basic  acetate  of  lead  it  gives  a copious  precipitate.  It  hjis  no  action  on 
polarised  light.  When  burnt  it  emits  an  odour  like  that  of  t;irtaric  acid. 

The  following  are  the  results  of  the  analyses  of  pectin  prepared  in  various  ways,  de- 
ducting the  mineral  substances  with  which  pectin  is  always  contaminated,  in  whatever 
way  it  may  be  prepared: 


Mulder. 

Chodnew. 

Fr6my. 

Ponmardde  & Flguier. 

a. 

b. 

c. 

d. 

e. 

<r. 

e. 

/. 

g. 

A. 

Carbon 

. 4CC 

45-2 

46  0 

43*8 

9ir7 

30*5 

40-5 

43*8 

4.V2 

4.1*3 

Il)drcigen  . 

. 5*4 

5-6 

55 

5*5 

5 5 

56 

5.5 

5-9 

6-6 

5-6 

Oxygen 

. fiO-0 

49-3 

46*5 

50*7 

M-8 

54*9 

.MO 

50  3 

61*1 

lOU  u 

100*0 

100*0 

100*0 

lUO-0 

100  0 

100  0 

100*0 

100*0 

loot) 

a.  Pectin  from  sweet  apples  at  120®,  leaving  5 9 per  cent,  ash,  consisting'of  nearly 
pure  lime,  with  a little  silica  and  iron  oxide. — h.  Pectin  of  sour  apples  at  120®,  leaving 
9*3  per  cent.  ash. — c.  Mean  of  two  analyses  of  pectin  from  pears  at  1 16° ; it  contained 
8 o per  cent,  ash,  compow  d of  lime,  magnesia,  iron-oxide,  potash,  chlorine,  sulphuric 
acid  and  phosphoric  acid. — d.  Pectin  of  .ipplcs  at  116°,  leaving  P69  percent. ash,  con- 
taining much  ferric  phosphate  without  a trace  of  carbonic  acid. — e.  Pectin  of  ripe  pears. 
f.  Mean  of  three  analyses  of  pectin  from  gentian  dried  at  120°,  and  still  containing 
mineral  substances. — ff.  Mean  of  two  analyses  of  pectin  from  gentian  dried  at  120^ 
and  freed  from  the  greater  portion  of  metallic  oxide  by  treatment  with  alkalis  and 
acids.^A.  Pectin  from  carrots  dried  at  120°. 

The  preceding  analyses,  though  they  agree  pretty  nearly  in  the  amount  of  hydrogen, 
yet  differ  so  greatly  in  the  carl^on  that  it  is  impossible  to  represent  them  by  any  one 
formula.  The  discrepancy  doubtless  arises  from  the  great  difficulty  of  completely  puri- 
fying pectin  from  alhuminous  substances,  sugar,  dextrin,  malate  of  calcium,  &c.,  which 
adhere  to  it  obstinately.  The  l»C8t  mode  of  testing  its  purity  is  to  precipitate  the 
aqueous  solution  witli  excess  of  baryta-water,  which  throws  down  the  pectin,  leaving 
the  substances  just  mentioned  in  solution ; if  then  the  liquid  filtered  from  the  pre- 
cipitate and  freed  from  excess  of  baiyta  by  carbonic  acid,  leaves  no  residue  on  evapo- 
ration, it  may  be  presumed  that  the  pectin  is  pure  (Fr6niy).  In  the  preparation  and 
purification  of  pectin  it  is  indispensable  also,  according  to  Fr^my,  to  avoid  the  use  of 
lx>iling  water,  which  alters  itnipidly  by  converting  it  into  parapt'etin.  Fr^my  deduces 
from  his  own  analyses  of  pectin  the  formula  C**H*“0**,  requiring  407  per  cent,  carbon, 
6‘1  hydrogen,  and  64  2 oxygen. 

— Boiling  water,  as  already  observed,  converts  pectin  into  parapectin. 
Dilute  acids  at  the  boiling  heat  convert  it  into  metapectin,  and  finally  into  metapectic 
acid.  Alkalis  and  alkaline  earths  immediately  change  it  into  pectates,  and  these  salts 
when  treated  with  acids  yield  insoluble  pectic  acid.  Lastly,  under  the  intluence  of 
jwetase,  pectin  is  converted  into  pectosic  acid. 

Parapectiii.  Aqneous  pectin,  when  boiled  for  several  hours,  loses  its  gummy  con- 
sistence, and  is  converted  into  parapectin,  which  is  precipitated  by  alcohol  in  tlie  form 
of  a translucent  jelly.  It  then  still  retains  albuminous  substances,  which  are  precipitated 
from  the  aqueous  solution  by  addition  of  a small  quantity  of  basic  acetate  of  lead. 

Tarapectin  is  an  amorphous,  neutral  substance  resembling  pectin  ; tasteless  ; soluble 
in  water,  like  pectin  and  metap«.‘ctin ; distinguished  from  the  former  by  being  pre- 
cipitable  by  neutral  acetate  of  lead,  and  from  the  latter  by  not  being  precipitated  by 
chloride  of  barium.  It  is  isomeric  with  pectin  at  100°,  but  gives  up  1 at  water  when 
heated  to  140°. 


C" 

«t  140°. 

384 

41-48 

41-51 

Frfimy. 

42-88 

43-77 

H“ 

46 

4-97 

5-48 

6-68 

6-41 

O" 

496 

53-55 

63-01 

51-44 

60  82 

626 

100-90 

10000 

10000 

100-00 

a is  parapectin  several  times  purified  ; h and  e are  less  pure, 

Parapectin  is  converted,  by  boiling  with  dilute  acids,  into  mctapcctin;  by  aqneous 
alkalis  into  a salt  of  pectic  acid.  Its  aqueous  solution  precipitates  neutral  acetate  of 
lead,  forming  a precipitate  containing  very  variable  quantities  of  lead-oxide  (from  11*9 
to  18*8  and  21*2  per  cent.).  The  organic  portion  of  the  precipitate  was  found  to  con- 
tain 41*96  per  cent,  carbon,  and  6*42  hydrogen.  (Fr^my.) 
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Metapectla.  C**H“0*‘  ? — Parapcotin  is  auicklj  convertM  into  this  substancr  br 
boiling  with  dilute  acids.  It  is  uncn’.itallisabl*' ; has  an  arid  reaction  ; is  soluble  in 
water,  like  |x*etin  and  parapeotin  ; distinguished  from  both  by  its  acid  profs'rties  and 
procipitability  by  chloride  of  barium.  Metapectin  dried  at  lUO®,  gives  off  1 at.  wafer 
at  UO^,  and  then  exhibits  the  same  composition  as  parapoctiii  (by  analysis,  41*86  per 
cent,  carbon,  and  6*68  hydrt^en). 

By  alkalis  it  is  converted  into  a salt  of  pectic  acid.  It  dissolves  in  itater;  if  the 
solution  also  contains  hydrochloric,  sulpharic,  or  oxalic  acid,  alcohol  throws  down 
gelatinous  compounds  of  these  acids  with  metapectin.  From  aqueous  metapectin, 
ckloridf  of  barium  throws  down  a pW'cipitale  containing  from  14  to  15  percent,  baryta 
— 14'1  p«*r  cent,  baryta).  The  If  ad  •compound  contains  19*43  per 
cenL  lead-oxide  (C”H“0”J*b"0  **>  20*30  per  cent.  Pb"0). 

Vectoaio  acid.  This  acid,  probably  isomeric  with  parapectin  and  metapectin,  i.s 
obtaininl  as  the  first  pnnluct  of  the  action  of  peotase  or  of  aqueoas  alkalis  on  aqutHuis 
pectin  the  solution  solidifying  to  a jelly  immediately  or  after  addition  of  acids  ; but  it 
IS  quickly  converted  into  pi'Clic  ai*id  by  the  further  action  of  the  same  agents,  or  by 
boiling  frater.  It  has  an  acid  reaction ; is  nearly  insoluble  in  cold  water,  quite 
insoluble  in  water  containing  hydiMohloric  acid,  but  easily  soluble  in  boiling  water 
(whereby  it  is  distinguished  from  pectin),  and  forms  a jelly  on  cooling.  It  gave  by 
analysis  41*1  per  cent,  carbon,  and  6*25  hydrogen.  (Kr^m^’.) 

The  gebitinous  amoiqil  ous  pcr/'Miufes  are  easily  converted  into  pectates  by  excess  of 
b»ase  ; when  pure  thej’  dissolve  completely  in  warm  dilate  acid,  whereas  jwcUtes  leave 
a rc'iidue  of  piHrtie  acuL 

The  barium-aaU  precipitated  from  aqueous  pectin  by  a quantity  of  baiy  ta-water 
insufficient  for  complete  precipitation,  eontaius,  on  iho  average,  24*4  j>er  cent,  baryta 
(C”lI*'Ba"0”  = 26*3  per  cent.  BaO). 

The  Icad-aalt  (sintains  32*75  per  cent.  Icad-oxido,  the  formula  C**H**Pb''0*‘  requiring 
33*42  per  cent.  PbO. 

Vectic  ACid.  C‘^II**0^^? — This  acid,  though  it  may  be  obtained  from  most  plants, 
if  not  from  all,  does  not  exist  in  them  ready  forme<i,  at  least  not  alwaj*s,  but  is 
produced  from  pectose  or  pectin.  In  fact  when  a solution  of  p»ctin  holding  potash  in 
suspension  is  left,  to  itself  at  a temperature  of  30®,  the  pectin  is  first  converted  into 
pectosic,  then  into  peotic  acid  Dilute  solutions  of  potjish,  so<la,  alkaline  carl>onates, 
ammonia,  and  aqueous  haryta,  strontia,  and  lime,  transform  pectin  almoKt  immediately 
into  pectates.  Pectic  acid  is  extracted  from  its  different  salts  by  submitting  j>ectates 
to  the  action  of  acids. 

Preparation. — 1.  Well  washed  cjirrot-pulp  is  l>oiled  with  water  slightly  acidulated 
with  hydrochloric  acid,  whereby  pectin  is  dissolvinl.  This  pectin  is  converttd  into 
pectate  of  sodium  by  iMuling  with  the  pr»>per  quantity  of  »«xlic  carbonate  (to  be  deter- 
min<*d  by  trial) ; the  solution  is  procipitattnl  with  hydrochloric  acid  ; aiul  tlie  separated 
pectic  ucid  is  drietl,  first  in  vacuo,  th«-n  by  heat.  If  too  small  a quantify  of  carbonato 
IS  added,  pectosic  acid  may  be  formed  ; if  too  much,  roetapectic  acid  mav  be  produced 
(Fr^my). — 2.  The  pulp  of  peele^l  turnips  is  well  waslud  with  water  ami  pres-se^l,  and 
the  residue  is  boiltd  fur  thrr*e  quarters  of  an  hour  with  water  to  which  of  so<lic  car- 
bonate, ora  small  quantity  of  caustic  potash,  has  been  addtd.  The  liquid  is  filtered, 
the  solution  is  precipitated  with  chloride  of  calcium ; and  the  pectate  of  calcium  is 
deconmosed  by  nydniehloricacid  (Braconnot,  Begnaul t ; 8imon  in,  J.  Pharra.  xx, 
478.  R egn  a ult  dissolves  the  still  coloured  poetic  acid  in  aqueous  ammonia  ; decolorises 
it  with  animal  charcoal  at  60®  to  80®  ; precipitates  the  filtrate  with  hydrochloric  acid ; 
and  repeats  the  solution  in  ammonia  and  precipitation  with  acid,  in  order  to  remove 
the  mineral  constituents. 

3.  The  pulp  of  carrots  or  celery  is  exhausted  by  washing  with  pure  water,  boiling 
with  watercontaining  hydrochloric  ueid,  and  again  washing  with  pure  water;  the  residue 
is  lx>iled  with  very  dilute  potash-ley;  and  the  solution  is  pix^ripifated  by  hydrochloric 
acid  (Braconnot).  Fr^my  obtaimd  by  this  process  only  a small  quantity  of 
pe<'tic  acid  (c/</.  swp.).  Chodnew  boils  turnips  after  trituration,  washing  and  press* 
ing,  with  very  dilute  potash,  for  half  to  three  quarters  of  an  hour;  strains;  precipitates 
the  still  turbid  solution  with  hydrochloric  acid  ; washes  the  pectic  acid  several  time«, 
first  with  acidulated,  then  with  pure  water;  presses  it  with  Uie  hand  after  each  wash- 
ing, and  redissolves  it  in  ammonia,  whereby  an  easily  filtering  liquid  is  obtaineil, 
wbieb,  after  filtration,  is  precipitated  by  hydrochloric  acid.  This  precipitate  is 
washed  os  above,  and  finally  with  alcohol.* 

• By  hailing  ihe  wsihed  pulp  of  turnip*  or  apple*  with  hydrochloric  acid,  precipitating  with  alcohol 

then  wiahing  the  precipUnie  with  alcohol  or  ether,  pretslng  and  dryine  at  IKP,  Ch  od  new  obUlned 
a non-filable  ma**  like  woody-flbre,  which  he  call*  pectou*  acldj  icT**lightly  acid,  *oItible  In  water 
flTcn  after  drying,  precipitate  a*  a jelly  by  exceat  of  potaah  or  Une-water,  but  not  by  chloride  of  po- 
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According  to  Fr^my,  pcctic  acid  prepared  in  the  ordinary  way  (probably  according 
to  methods  2 and  3)  coutain^  albuminous  substances  which  may  be  more  easily  pre* 
cipitAted  by  small  quantities  of  basic  acetate  of  lead,  after  prolonged  boiling  of  the 
solution  supersaturatKl  with  ammonia, 

Mulder  washes  comminuted  carrots,  turnips  or  sweet  apples  with  water,  boils 
the  residue  with  very  dilute  potash,  not  in  excess,  and  precipitates  with  hydrochloric 
acid. 

Fromberg  prepared  his  poetic  aeid  from  turnips  by  comminution,  washing  with 
cold  water,  and  Iwiling  with  very  dilute  carljonate  of  sodium. 

Acconling  to  Divers  (Chem.  Soc.  J.  xvii.  91)  pectic  acid  is  produced,  together  with 
parapectic  acid,  by  the  sp<jntaneous  decomposition  of  gum  cottou. 

ProjKTtim. — Pi'ctic  acid  in  the  moist  state,  is  a tninsparcnt,  colourless  jelly,  which 
dries  up  to  a white,  trans|Mir<*nt,  homy  muss,  difficult  to  pulverise.  It  has  an  acid 
taste  and  reaction.  It  is  insohible  in  cold,  nearly  insoluble  in  boiling  water,  insoluble 
also  in  alcohol  nnd  in  other.  Its  composition  is  as  follows: — 


CittculaiiOH  (Fr^my). 

Mnldor. 

a. 

b. 

Frombvrg. 

Itcgnault. 
at  140®. 

Chodn.w. 
•I  l-Ji'’ 

Fr4mv. 

at  120°. 

c* 

192 

42-29 

44-9 

44-6 

44  5 

42-69 

42-22 

41-40 

22 

4-84 

6-4 

5-3 

6-2 

4 71 

6-24 

4-77 

O'* 

240 

62-87 

49-7 

60-1 

60-3 

62-60 

52-64 

63  83 

404 

100-00 

100-0 

1000 

100-0 

100-00 

100-00 

100-00 

The  analy«?s  are  (riven 

as  nu-an 

results. 

Regnault  and  Chodnew  examined  peclic 

acid  prepared  from  turnips  ; Freroy  analysed  acid  from  various  sources.  Chodnew’s 
acid  left  J per  cent,  ash,  which  is  d<*ducted  : see  above.  ^Mulder’s  pectic  acid  a was 
obtained  fix>m  carrots,  and  left  4*17  per  cent,  of  ash,  composed  of  lime  with  traces  of 
silica;  b was  obtained  from  sweet  apples,  and  loft  3’2  per  cent.  ash.  Fromberg’s 
pectic  acid,  obtainetl  from  turnips  and  dried  at  140°,  left  7 per  cent,  ash,  composed  in 
great  part  of  caustic  lime. 

The  analysi-s  of  pectic  acid  differ  from  one  another  as  widely  as  those  of  pectin.  It 
is  most  proljable,  however,  that  pectic  acid,  as  indicalc^d  by  Fr^my’s  formula,  differs 
from  pc^in  only  hy  the  elements  of  water.  Itegnuult  gave  the  formula  both 

for  pectic  acid  dried  at  140®,  and  for  that  contained  in  the  salts.  Chodnew  gives  the 
formula  C'*U**0”,  which  agrees  with  the  composition  of  many  of  the  pectates,  and  re- 
quires 42'42  per  cent,  carbon,  5 06  hydrogen,  and  62  62  oxygen. 

Dfcompojtidonf. — 1.  Pectic  acid  hewmes  coloured  at  120®  (Regnault);  black  at 
I50°(Chodne  w),  and  at  200°  gives  off  carlwnic  anhydride  and  water,  and  is  converted 
into  parapectic  acid,  p.368(Fr^*my). — 2.  It  melts  when  heated,  swells  up,  burns  away, 
and  leaves  a difficultly  combustible  charcoal  (Kegnault).— -3.  When  pectic  acid  is 
boiled  with  leu/er,  parapectic  acid  is  form(*d;  likewise  wlien  insoluble  pectacti^s  are 
boiled  with  water  (Fr^my).  When  poetic  acid  is  left  in  contact  with  water  for  two  or 
three  months,  it  dissolves  as  metapectic  acid,  which  is  likewise  produced  when  pectic 
acid  is  boiled  with  water  for  36  hours,  or  when  moist  pectic  acid  is  driwl  by  heat.  Kot 
a trace  of  sugar  is  formed,  even  after  boiling  with  water  for  seven  or  eight  days,  and 
the  solution  does  not  reduce  potassio-caprie  tartrate  unless  it  contains  para-  or  meta- 
pectic acid  (Fremy).  See  below. 

4.  Pectic  acid  is  not  altered  by  cold  oil  of  vitriol,  but  is  quickly  charred  by  that 
liquid  when  heated  (Braconnot,  Kegnault).  By  boiling  with  dilute  acid*,  it  is 
converted  into  metapectic  acid,  which  dissolves  (Fremy).  It  is  not  altered  by  hot 
yoTj  dilute  hydrochloric  acid  (Regnault). — Pectic  acid  prepared  from  turnips  does 
not  dissolve  till  after  very  long  tailing  with  dilute  acids  (more  quickly  with  concen- 
trated acids)  and  the  solution  does  not  contain  metapectic  acid ; that  winch  is  prepared 
from  pectin  decomposes  much  more  quickly.  When  the  first-mentioned  pectic  acid  is 
boiled  with  dilute  mineral  acids,  the  liquid  soon  acquirt'S  a faint  red  colour,  reduces 
copper-  and  silver-salts,  and  if  sulphuric  acid  is  ns^,  gives  off  carbonic  and  formic 
acids,  and,  finally,  an  odour  of  caramel.  The  solution,  which  remains  colourless  if 
dilutcKl  at  the  right  moment,  leaves  a black  product  when  filtered,  and  if  evaporated 
after  the  sulphuric  acid  has  been  removed  by  carbonate  of  barium,  it  leaves  a syrup 
from  which  alcohol  precipitates  a barium-salt  soluble  in  water,  leaving  in  s^dution  a sugar 
(partly  converto<l  into  caramel),  which  is  fermentable  and  capable  of  uniting  with 
common  salt.  The  barium-salt,  which  is  soluble  in  water,  appears  to  contain  formic 

ttssium  : eonTerted  into  poetic  scM  bv  lolution  In  pounh-lof  aod  precipiUtlon  with  hydrochloric  acid; 
contain*  43-3  per  cent,  carbon,  5*6  hydrogen,  and  51  2 oxygen. 

An<aher  «cid,  called  hvperpectic  acid.  ii  obtained  from  the  turnip-pulp  after  exhiiuition  with 
hydrochloric  acid,  by  boiling  it  with  dilute  potaih  (not  with  ammonia),  and  precipitatiog  with  hydro- 
chloric acid.  It  !■  a grlatlQoua  auhstance,  containing  (o(  lOCi^)  lUcr  deduction  of  052  percent,  oih, 
41-5  per  cent,  carbon,  4 S hydrogen,  tod  53*7  osjrgcD,  and  U dUtlnguUhed  from  pectic  acid  by  not  dU- 
•olrlng  In  ammonia.  (Chodnew.) 
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ftoid,  and  an  acid  similar  to  malic  acid  (Chodnew).  The  jelly  of  pippins  completely 
frewl  from  stJgar  by  alcohol,  is  converted  into  so^ar  by  twenty  minutes  boiling  with 
oxalic  acid  (Couverchel.  Ann.  Ch.  I’hys.  [2]  xlvi.  181).  According  to  I'r^my,  peetic 
acid  is  transformed  by  acids  in  the  same  manner  as  by  w.Tter,  therefore  without  forma- 
tion of  sugar.  Fr6my  attributes  the  formation  of  sugar  in  Chodnew’s  experiment*  to 
the  presence  of  starch  in  the  pectic  acid  employed- 

5.  With  nitric  ncid,  pectic  acid  yields  oxalic  acid  (Vauquelin)  and  mucic  acid 
(Braconnot).  Chodnew  obtained  mucic  acid  from  pectin,  but  not  from  pectic  acid. 

When  pectic  acid  is  heated  with  the  aqueous  solution  of  caustic  alkalis  or  alkaline 
carbonatts,  mctapectic  acid  is  formed  (Fr^my).  Pectin  and  p**etic  acid  prepared  from 
it,  undergo  these  transformations  much  more  readily  than  ordinurj*  pectic  acid  (Fr^ my, 
Chodnew).  The  bquid  acquires  a brown  colour,  but  is  nut  found  to  contain  oxalic 
acid  (Fr^my). 

Peetatee.  The  pectates  of  the  alkali-metals  are  soluble  in  water,  the  rest  insoluble 
and  gelatinous.  The  jellies  precipitated  from  cold  solutions  arc  denser  than  those 
obtained  from  hot  solutious  (Keguault).  At  a moderate  heat,  the  acid  expels  car- 
lx)nie  acid  from  alkaline  car1x»nates.  It  dis.s<jlve.s  easily  in  aqueous  alknlis,  even  after 
drying.  The  solution  is  not  precipitated  by  mercuric  cliloride,  but  with  all  other  salts 
it  yields  gelatinous  precipitates,  which  dissolve  in  excess  of  alkali.  It  is  difficult  to 
obtain  t)ie  salts  at  a definite  degree  of  saturation,  because  the  neutral  salts  formed  at 
first  take  up  an  additional  ouantity  of  pectic  acid  (Hegnuult,  Fr^my).  When  a 
soluble  pectate  is  precipitated  by  a meUillic  salt,  the  c<jm(x>Nition  of  the  precipitate  de- 
pends upon  that  of  the  soluble  ^t,  and  varies  with  it  (Uegnault).  The  jellies  pre- 
cipitated by  metallic  salts  from  pectate  of  ammonium  and  pectate  of  calcium,  are 
transparent  if  the  acid  was  pure.  They  obstinately  retain  portions  of  the  precipitant, 
which  cannot  b<*  removed  by  washing  on  the  filter,  but  may  be  got  rid  of  by  pressing 
the  jelly  with  the  Imnd,  pouring  fresh  water  upon  it,  and  so  on,  whereby  the  salt 
acquiree  the  consistence  of  woody  fibre,  and  becomes  friable  after  drying  (Chodnew). 
The  insoluble  salts  drj-  up  to  very  hard,  difficultly  friable,  homy,  hygroscopic  masses. 
They  take  fire  when  heated  in  contact  with  the  air,  retain  water  obstinately,  so  that 
they  cannot  be  dried  below  140®  or  160®,  and  decompose  at  about  200®  (Kegnault). 

The  amnwnium~salt  is  obtained  as  a colourless  jelly  by  dissolving  pectic  acid  in  am- 
monia. and  precipitating  with  alcohol. — The  potassium-^alt  is  obtained  in  like  manner 
as  a jelly  which  Ix'comes  fibrous  when  washed  with  alcohol  and  drii*^!  at  120®.  It  re- 
dissolves in  water  forming  a neutral  solution.  Chodnew  found  18*89  per  cent,  potash 
(K^O)  in  the  salt  dried  at  120®,  and  20  0 per  cent,  in  the  salt  dried  between  150°  and 
160®. — The  sodium-salt  obtained  in  like  manner  is  a colourless  jelly  containing  (at  120°) 
13  73  per  cent,  sodium.  (Chodnew.) 

Ptctate  of  Itarium  is  obtained  a.s  a colourless  jelly  by  mixing  chloride  of  barium  with 
a solution  of  pectic  acid  in  ammonia.  Fr^my  obtains  it  pun^  by  treating  a cold  sol- 
ution of  pectin  protected  from  the  air  with  a large  excess  of  baryta-water.  A copious 
precipitate  of  pectosate  of  barium  is  then  formed,  which  chang<*s  into  pectate  under  the 
influence  of  excess  of  ba.se.  The  precipitate  is  to  be  quickly  washed  and  dried,  first  in 
a vacuum,  then  in  a stove  at  120®.  It  contains  20T  p<*r  cent,  barj’ta.  (Mulder.) 

The  e(dciuvi’Salt  is  obtained  in  like  manner  as  a transparent  jelly,  which  in  three 
prfwrations,  dried  at  120®,  gave  12*38,  12*42,  and  12*46  per  cent.  lime.  (Chodnew.) 

The  copper-salt  is  a green  jelly  containing  16*86 — 16  38  per  cent,  cupric  oxide 
(Chodnew);  of  variable  composition  (Regnault).  The  obtained  by  pre- 

cipitating acetate  of  lead  with  an  ammoniacal  solution  of  pectic  acid,  contains  very 
variable  quantities  of  pectic  acid  (34  to  60  percent,  according  to  F r^my).  The  organic 
matter  in  this  precipitate  contains,  acconling  to  various  analysts,  from  42*9  to  4o  2 
per  cent,  carbon,  5*2  to  4*5  hydrogen,  and  49*6  to  63*0  oxygen.  The  silver-salt  is 
difficult  to  obtain  purt'.  Regnault  found  it  to  contain  quantities  of  silver-oxide 
varviug  from  37*7  to  41*0  p«'r  cent. 

t'^rom  the  above  di.scordant  results  of  the  analyses  of  pectates,  it  is  impossible  to  ob- 
tain any  verification  of  the  formula  of  pectic  acii 

Parapactlo  acid.  C^^H**0”? — Pectic  acid  boiled  for  some  time  with  water 
dissolves  os  parnpectic  acid.  In  like  manner,  pectates  heated  for  sevoral  hours  to 
150®  or  boiled  witb  wal«'r,  are  convertt‘d  into  parapectates,  Parnpectic  acid  is  also 
formed,  together  with  pectic  acid,  by  the  spontaneous  decomposition  of  gun-cottocu 
(Divers,  Chem.  Soc.  J.  xvii.  91.) 

Parnpectic  acid  is  soluble  in  water,  uncry  stall  isable,  destitute  of  optical  rotatory 
power,  and  has  a strong  acid  reaction.  When  heated,  it  behaves  like  pectin ; when 
diseolved  in  water,  it  is  quickly  converted  into  metapectic  acid ; when  boiled  with 
it  precipitates  cuprous  oxide;  and  it  is  not  fermentable, — It 
forms  soluble  salts  with  the  alkalis,  and  is  precipitated  therefrom  by  excess  of  baryta- 
watcTf  being  thereby  distinguished  from  metapectic  acid ; from  its  aqueous  solution  it 
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is  precipitated  bj  alcohol.  The  precipitated  from  its  aqueous  solution 

by  alcohol,  and  dried  at  150°,  contains  23  per  cent,  potash  (C**H**K*0**  22*4  per 

cent.  K*0). — The  Uad-$aH  obtained  by  boiling  pectate  of  lead  suspended  in  water  for 
iw‘veral  hours,  or  by  precipitating  aqueous  parapectic  acid  with  neutral  acetate  of  lend, 
was  found  to  contain  from  40’0  to  41’7  per  cent,  lead-oxide,  and  the  organic  part  of 
the  precipitate  gave,  as  the  mean  of  three  analyses.  43  9 percent,  carbon  and  47 
hydrogen,  whence  Frimy  deduces  the  formula  C'^I^Pb-O"*. 

Metapeotlo  acid.  C*H**0*?  Acide  ctlluUqu^, — This  acid  occurs  as  a product  of 
the  transformation  of  pcctose,  in  all  fluids  of  the  vegetable  organism  which  are  in 
contact  with  tissue  containing  pectase.  All  pcclous  substances  may  bo  converted 
cither  directly  into  metapectic  acid,  or  into  products  which  yield  this  acid  aflerfurther 
treatment.  When  lime  is  allowed  to  act  on  mangold-u'urzel  pulp  in  the  manufacture 
of  sugar  on  the  large  scale,  metapectate  of  calcium  may  be  formed,  which  then  accomu- 
bites  in  the  molasses.  It  may  be  prepared  by  washing  chopped  mangold-wurzel  with 
water;  boiling  the  residue  for  an  hour  with  milk  of  lime  and  pre.ssing ; evaporating 
the  liquid  to  a syrup,  and  mixing  it  with  alcohol.  Mota[>ectato  of  calcium  then 
falls  to  the  bottom,  and  after  it  has  been  decomposed  by  oxalate  of  ammonium,  tlio 
filtered  solution  is  mixed  with  excess  of  neutral  acetate  of  lead  to  pn-cipitate  colouring 
matter,  pliosphoric  acid  and  other  substances ; and  the  filtrate  is  supersaturated  with 
ammonia,  which  throws  down  metapectate  of  lead.  By  decomposing  this  salt  under 
water  with  sulphydric  acid,  and  evaporating  the  filtrate,  aqueous  metapectic  acid  ia 
obtained  as  an  amorphous,  strongly  acid  mass,  destitute  of  rotatory  power,  deliquescent, 
and  easily  soluble  in  water.  The  aqueous  solution  quickly  become.s  covered  with 
mould,  and  is  decomposed  by  prolonged  boiling,  with  formation  of  acetic  acid  and  black 
ulmic  acid.  It  reduces  potasMo-cupric  tartrate  at  the  boiling  heat,  also  silver  and  paid 
salts.  The  me/apectates  (excepting  the  ba.sic  salts)  are  all  soluble  in  water.  The 
aqueous  acid  decomposes  carbonates  and  neutralises  strong  basis. 

Metapectate  of  Lead. — Aqueous  metapectic  acid  precipitates  basic  acetate  of  lead, 
but  not  the  neutral  acetate.  The  aqueous  solutions  of  the  alkaline  inctapectates  added 
to  neutral  or  basic  acetate  of  lead  in  excess  (of  the  lead-salt?)  throw  down  soluble 
precipitates.  The  precipitates  thrown  down  from  aqueous  metapectic  acid  by  basic 
acetate  of  lead  contain  from  67  5 to  68*8  per  cent.  (C*H'*Pb“0*  = C7‘2  per  cent.  PbO) 
and  73'4  to  74*2  per  cent,  oxide  of  lead  (C*fl'*PbO*.Pb'’0  — 75*4  per  cent.  PbO)  ; after 
deduction  of  the  lend-oxide,  they  contain  on  the  average  43*51  per  cent.  C,  4‘58  H, 
and  5 91  O,  corresponding  to  the  formula  (calc.  44  08  per  cent.  C,  4 58  H, 

and  51-3  O). 

Pyropeotlo  aold.  When  pectin  or  either  of  its  derivatives,  such  as  pectic,  para- 
pectic, or  nietape<*tic  acid,  is  heated  to  200°,  w-ater  and  carbonic  anhydride  are  evolved, 
and  pyropectic  acid  remains  in  the  form  of  a black  substance  insoluble  in  water,  but 
soluble  in  alkaline  liquids.  It  contains  513  percent,  carbon,  6*3  hydrogen,  and  43  4 
oxygen,  whence  Fr^ray  deduces  the  formula  C‘*H**0*.  It  is  remarkable  that  the 
hydrogen  and  oxygen  in  this  body  arc  in  the  same  proportion  ns  in  the  black  acid  of 
sugar. — Pyropectic  acid  forms  brown  uncrystalllmble  salts.  (Fremy.) 


General  view  of  the  transformatifms  of  Pectin  and  the  mutual  relatians  of 
Pectous  substances. 

1.  Pectose  heated  with  dilute  acids  is  converted  into  pectin,  which  ly  longer  boiling 
is  transformed  into  metapectic  acid. 

2.  By  boiling  with  milk  of  lime,  it  is  converted  into  metapectic  acid.  Probably 
pcctic  acid  is  formed  in  the  first  instance. 

3.  Pectin,  when  its  aqueous  solution  is  left  to  itself,  changes  into  metapectic  acid. 
If  pectase  is  likewise  present  the  change  takes  place  more  quickly,  pectosic,  pectic, 
and  metapectic  acid  being  successively  produced.  When  pectin  is  l^iled  with  water, 
parapectin  is  produced. 

4.  Pectin  boiled  with  strong  acids,  is  converted  into  metapectic  acid. 

6.  By  cold  dilute  aqueous  alkalis,  it  is  converted  into  pectosic  acid,  which  quickly 
undergoes  farther  transformation  into  pectic  acid,  or  by  boiling  with  strong  alkalis, 
into  metapectic  acid, 

6.  Parapectin  boiled  with  dilate  acids  is  converted  into  metapectin  ; aqueous  alkalis 
convert  it  into  a pectate. 

7.  Metapeetin  is  converted  by  alkalis  into  salts  of  pectic  acid. 

8.  Pectosic  acid  is  converted  into  pectic  acid  by  filing  with  water,  either  pure  or 
alkaline,  or  by  contact  with  pectose.  When  boiled  with  aqueous  alkalis  it  forms 
metapectic  acid. 

9.  Pectic  ewid  is  converted,  by  long  contact  with  water  in  the  cold,  more  quickly  at 

Vor..  IV.  B B 
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the  boiling  heat,  into  parapectic  acid,  then  further  into  metapectic  acid.  Boiling  with 
ncida  or  alkalis  likewise  converts  it  into  nietapectic  acid. 

10.  Paraptctic  acid  in  contact  with  water,  is  quickly  converted  into  mct.ipectic  aci<l. 

11.  Metapcctic  acid  cannot  be  converted  into  any  other  substance  of  the  pectin 
group. 

IPBOASVITB.  Native  phosphate  of  aluminium  from  Strigis  near  Freiberg  (see 
Phobpbatbs). 

PBOAVirM  AXiKAl»On>S  OP.  See  Harmalixb  and  Har- 

kins (iii.  7). 

FBOBCATXTB.  Graphic  granite. 

PBOMATOUTB.  Syn.  with  OsTuecLASB. 

PBOMXB.  A protein-substance  obtained  by  Thomson  from  the  bufT  coat  of  the 
blood  of  men  and  horses,  by  washing  with  cold  water  and  exhausting  the  dried  residue 
with  alcohol  and  ether.  It  contains  sulphur,  and  is  regard<>d  by  Thomson  as  a 
peculiar  substance. 

PB&ABOOKB.  C*’H”0  Ociyl-j>elargyL — When  pelargonate 

of  barium  is  submitted  to  dry  distillation,  this  compound  passes  over  as  a brown  oil 
which  solidifies  on  cooling,  while  carbonate  of  barium  remains  behind.  The  distilled 
products,  after  pressure  l^twecn  bibulous  paper,  form  a solid  substance  which  dissolves 
easily  in  ether,  and  is  deposited  by  s^ntaneous  evaporation  in  large  laminee  which 
assume  a nacreous  aspect  when  dry.  It  is  strongly  attacked  by  fuming  nitric  acid, 
forming  a nitro-acid. 

PBZaAROOirmrB.  Syn.  with  Nonyi.xnb  (p.  134). 

PBXiAJtOOjrJO  ACXB.  C*H**0*  - ^ [O.  (Redtenbacher  [1846],  Ann. 

Ch.  Pharm,  lix.  fi‘2. — Pless,  ibid,  lix,  fi4. — Gerhardt,  Ann.  Ch.  Phys.  [3]  ixiv.  107. 
— Cab  ours,  Compt.  rend.  xxvi.  262. — Chiozza,  Aim.  Ch.  Phys.  [3]  xxxix.  207). — 
This  acid  exists  in  the  volatile  oil  oiPelargoniumroscum.  1.  It  is  produced,  together  with 
several  other  volatile  acids,  in  the  distillation  of  choloidic  and  of  oleic  acid  (p.  193), 
with  nitric  acid  (Redtenbacher). — 2.  In  the  oxidation  of  oil  of  rue  by  nitric  acid 
(Gerhardt  and  Cahours). — 3.  A small  quantity  of  pclargonic acid  is  formed  tc^ether 
with  many  other  volatile  acids,  in  the  putrefaction  of  yeast.  (W.  Muller,  J.  pr. 
Chem.  Ixx.  66;  O.  Hesse,  Und.  Ixxi.  472.) 

Preparation,  From  oil  of  rut. — When  1 pi.  of  oil  of  rue  is  gently  heated  with  1 pt. 
of  commercial  nitric  acid  and  2 pts.  of  water,  an  action  sets  in,  vioh  nt  at  first  and  con- 
tinuing for  a quarter  or  half  an  hour,  even  after  the  fire  has  been  removed.  The  liquid 
is  then  boiled  and  cohobated  rej>eatedly,  till  scarcely  any  red  fumes  are  evolved ; tho 
layer  of  oil  is  decanted,  washed  with  water,  and  treated  with  aqueous  potash,  where- 
upon some  non-acid  oil  of  a very  acrid  odour  is  separated;  the  alkaline  solution  is  de- 
composed by  sulphuric  acid ; and  the  oily  acid  which  separates,  and  is  contaminated 
with  resin  and  colouring  matters,  is  collected  and  rectified.  The  distillate  is  neutralised 
with  baryta,  freed  from  excess  of  baryta  by  cold  water,  dissolved  in  boiling  alcohol, 
then  filtered  and  cooled  to  the  crystallising  point.  Pelargonate  of  barium  then  crystal- 
lises out  (the  mother-liquor  sometimes  retains  caprate  of  barium)  ; and  (his  salt  decom- 
posed by  dilute  sulphuric  acid  yields  pelargonic  acid,  as  an  oil  Boating  on  the  surface 
(Gerhardt).  Owing  to  certain  circumstances  not  ascertaine<l,  a compound  of  nitric 
oxide  with  pelargonic  acid  is  sometimes  obtained  in  this  process.  (Chiozza.) 

From  the  bioMom  and  herb  of  Ptlargoniumrotevm, — The  herb  is  distilled  with  water; 
the  distillate  saturated  with  baryta;  the  neutral  oil  distilled  off;  and  the  n^sidue  evapo- 
rated to  diymess  and  exhausted  with  boiling  alcohol,  which  takes  up  pelargonate  of 
barium.  (Pless.) 

Propertiea. — Pelargonic  acid  is  a colourless  oil  (greasy  according  to  Redtenbach  er) 
which  solidifies  in  the  cold,  melting  afterwards  at  10^.  Smells  lightly  of  butyric  acid. 
Boils  at  260^ ; in  a stream  of  carbonic  anhydride  it  distils  uodecora  nosed  and  colour- 
less (Cahours).  It  is  slightly  soluble  in  water,  very  soluble  in  alconol  and  ether. 

D^mpontions. — 1.  Pelar^nic  acid  becomes  yellow  by  keeping  (Cahours). — 
2.  When  1 pt.  of  pelargonic  acid  is  intimately  mixed  with  4 pts.  of  potaith-limf.,  and 
gradually  raiseil  to  a red  heat  in  a coated  retort,  much  gas  escapes,  a clear,  amber- 
yellow,  thill  liquid  paFses  over,  and  the  alkali,  partly  combined  W'ith  carlxinic  aci<l,  re- 
mains behind.  Bromine  ab^^orbs  the  greater  part  of  the  gas,  composed  of  ethylene, 
tritylene  and  tetrylene ; the  nneondensed  portion  bums  with  a very  faint  fiame,  and  is 
a mixtun*  of  hydi^en  and  marsh-gas.  The  liquid,  during  rectification,  begins  to  boil 
at  106®  to  186®;  up  to  110®  hexylene  passes  over;  tho  remainder  between  136°  and 
1 10®  (Cahours). — 3.  The  acid  is  resolved  by  tho  dry  distillatioo  of  its  barium-salt 
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into  carbonic  anhydride  and  pelargono  (Cahours). — 4.  It  is  rioloutly  acted  upon 
by  ptntackloride  of  jiko*phoru9,  cTolving  hydrochioric  acid  and  forming  oxychloride  of 
phospboms  and  chloride  of  pelargyl.  (Cahours.) 

P^argonate  of  Ammonium  is  crystalline  (Cahours).  PeUrffonic  acid  suspended 
in  ammonia  and  heated  forms  a transparent  jelly,  resembling  gelutinous  silica.  This 
jelly  dissolves  when  heated  with  a larger  quantity  of  water,  and  forms  a milky  liquid, 
resembling  a solution  of  soap,  and  congealing  in  the  cold  to  a pap«like  jelly.  The  salt 
dissolves  very  readily  in  cold  alcohol  (Gerhardt).  T]xo  potagtium-  and  sodium-galU 
are  readily  soluble  and  crystallisable.  (Cahours.) 

PrUxrgonaU  of  Barium^  C ^H^^Ba^O*,  prepared  as  above,  forms  white  scales,  having 
a pearly  lustre  (Gerhardt);  laige  laminse  resembling  oholcsterin  (Redtenbacher). 
Contains  no  water  of  crystaUisation.  Dissolves  but  sparingly  in  cold,  somewhat  more 
in  hot  water  (Gerhardt);  dissolves  in  water  less  readily  than  the  similarly  ciys- 
tallising  valerate  and  cnnantliylate  of  barium,  but  more  readily  than  the  capratc.  It 
dissolves  with  difficulty  in  alcohol  (Redtenbacher).  The  and 

$alta  crystallise  from  alcohol  in  pearly  scales,  sparingly  soluble  in  water. 

Prlargonate  of  Copper^  C**H*‘Cu'0‘,  is  obtained  by  precipitating  the  alcoholic  nm- 
monium-salt  with  aqueous  nitrate  of  copper.  The  abundant  greenish-blue  precipitate 
dissolves  in  boiling  alcohol,  and  on  evaporation  yields  drops  of  a green  6it  whicJi 
solidify  on  cooling,  and  when  dissolved  in  boiling  alcohol  crystallise  lu  greenish-blue 
grains  as  the  liquid  cools.  It  retains  2 at  water  at  100*^,  and  in  that  state  gives  by 
analysts  15'45  per  cent  of  copper  (calc.  ld*38). 

Pelargonate  of  Silver^  C*H'^AgO*,  is  obtained  by  precipitating  the  hot  aqneous 
solution  of  the  barium-salt  with  nitrate  of  silver.  Analysis  40  7 — 41  16  per  cent, 
silver— calc.  40*76  per  cent. 

Pelargonate  of  Kth^l.  C"H«0»  - r*n'-(C’H^)0*.  Pthrgonic 
Produced  from  chloride  of  pelnrgyl  and  alcohol ; also  by  passing  dry  hydrochloric 
acid  gH«  through  alcoholic  pclnrgonic  acid,  whereupon  the  other  separates  as  a 
yellow  oil,  which  is  to  1)«  washed  successively  with  swlic  carbonate  and  water,  then 
drie<l  over  chloride  of  calcium  and  rectified.  When  thus  purified  it  forms  a colourless 
oil  of  specific  gravity  0*86,  boiling  between  216®  and  218®.  By  boiling  with  potash 
it  is  resolved  into  alcohol  and  pelargonate  of  potassium.  The  so-called  cenanthic  tthrr 
(p.  174)  is  probably  the  same  compound. 

PltXiAaOOXarZC  ASTHTDRZSII.  C’*n”0>  - {C*W'OyO.-A»hgdrow>Pcinr~ 
gonic  acid.  Pe/ar^onic  Ptlargonate.  (Cahours,  Ann.  Ch.  Phys.  [3]  xxxix.  207.)— Ob- 
tained by  the  action  of  oxychloride  of  plioephorus  on  pelargonate  of  barium.  Colourless 
oil,  lighter  than  water,  solidifying  at  0°  to  a mass  of  fine  nceiiles,  which  melts  at  6®. 
SmelU  slightly  rancid  in  the  cold,  but  vinous  and  aromatic  when  mixed  with  hot 
aqueous  vapour.  Heated  on  glass,  it  evolves  acrid  fumes  and  the  odour  of  burnt  fat. 
It  is  very  slowly  tran-sformed  into  pelargonic  acid  by  water;  by  aqueous  alkalis  leas 
easily  than  capr3*lic  anhydride. 

Bcnzopelargonic  Arihgdridr^  C'*H”0*=  described  (i.  558), 

FB&ASOOirzC  ETBSS.  See  pKi.AR(iONATB  OF  Ethyl  {supra). 

VBUL&01X.  — The  radicle  of  pelargonic  acid,  &c. 

Chloride  of  Peiarggl,  C'*H”OCl,  is  o>>taineil  by  the  action  of  pcntachloride  of  phos- 
phorus on  pelargonic  acid.  After  rectification  it  forms  a colourless  liquid  heavier  than 
water,  having  a suffocating  otlour,  giving  off  dense  fumes  on  exposure  to  the  air,  and 
boiling  at  220®.  In  contact  with  lucohol  it  becomes  strongly  heatetl,  and  forms  pelar- 
gonate  of  ethyL  (Cahours,  4>c.  Wf.) 

PBZiB'8  BAZ&.  A capillary  variety  of  obsidian  from  Hawaii  (p.  170). 

PBEZCAlflrZTB.  A variety  of  cimolite  (i.  985)  from  the  decomposed  granite  of 
Kiew  in  Russia. 

PBXiZOBC.  A smoky-blue  variety  of  dichroite  from  Bodenmais  in  Bavaria 
(ii.  320). 

PBZiEirTBZVB.  A base  formed,  according  to  Bodeker,  from  hydrated  pelosine, 

contact  with  air  and  light.  On  treating  the  yellow  product  with  ^coliol,  pelluteine 
dis.solvcs  and  separates  on  cooling  in  brownish-yellow  flocks,  containing  (at  110®)  73*9 
per  cent,  carbon,  6 2 hydrogen,  and  3*8  nitrogen,  agn-eing  approxiinately  with  the 
formula  The  ckloroplaiinate  is  a precipitate  containing  from  17'7  to  18*0 

per  cent,  platinum. 

PEXtOCOVZTS*  A variety  of  cupreous  roangao^'se  (iii.  814),  having  a liver- 
brown  streak. 

PBZtOPZtnB.  See  NiomrM  (p.  48). 

PB&08ZVB  or  Cissampelinf.  (Wiggers,  Ann.  Ch.  Pliaim.  xxvii.  29  ; 
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xudu.  81.  Bodeker,  Ixix.  63.) — An  alkaloid  contained  in  the  root  of  Varrira  hrava, 
commonly  attributed  to  Ci6$amptlo$  panira,  L,,  a alirubby  menispermaceous  plant, 
growing  chiefly  on  the  woody  hills  of  the  Antilles.  It  is  obtuine*!  by  exhausting  the 
root  with  dilute  sulphuric  acid,  precipitating  with  carbonate  of  sodium  (not  iu  excess), 
dissolving  the  precipitate  in  ether,  and  evaporating.  Parcira  roof  yields  from  j'j  to  ^ 
of  its  weight  of  pelosine. 

Pehwine  obtained  as  alx)Te  forms  an  amorphous  transparent  rarnish.  On  adding 
water  to  the  ethereal  solution,  and  expelling  the  ether  by  distillation,  it  separates  as  a 
white  pulverulent  hydrate,  which  gives  off  its  water  at  100°,  ami  leaves  a residue 
soluble  in  alcohol  and  ether.  Pelosine  is  ins«)Iul:le  in  wafer,  uncry.-tallisable,  inodorous, 
but  has  a sweetish  bitter  ta.sfe.  It  blues  re^ldened  litmus.  Wien  dried  at  120°  it 
contains  71'0  to  72  0 per  cent.  carl>on,  7’2  to  7 0 hydrogen,  and  4 7 nitrogen,  ngreeing 
nearly  with  the  al>ove  formula  (calc.  72  ‘2  carbon,  7'0  hydrogen,  47  nitrogen,  and  16*1 
oxygen),  which  is  the  same  as  that  of  codeine.  According  to  Bodeker,  hjdrated  pcIosine 
contains  8*21  cent,  water. 

Pelosine  undergoes  alteration  in  contact  with  the  air,  especially  under  the  influence 
of  heat  and  nudslure.  It  is  resinmed  by  moderately  strong  nitric  acid. 

The  9alt$  f>f  jitlosinf  are  for  the  most  part  very  soluble  and  difficult  to  ciystallise. 
The  solutions  give  precipitates  with  auric  and  platinic  chlorides.  The  hydn:>chloratf^ 
C'*IP‘NOMICi.lPO,  is  best  prepared  by  passing  dry  hydrochloric  acid  gas  into  a 
8 dntion  of  pelosine  (previously  drieti  at  120°)  in  al>Holure  ether.  The  salt  is  then 
deposited  in  white  flocks,  which  must  be  washed  with  the  same  liquid.  When  dried  it 
forms  an  amorjdious,  very  hygrnmetric  powder,  very  soluble  in  water  and  in  alcohol. 
The  solution  leaves  a varnish  when  evaporated.  The  salt  dried  at  110®  is  anhydrous. 
'The  2(C‘“lP'NOMlCl).Pt‘’Cl*  (at  110®)  is  a pale  yellow,  amoqihous, 

strongly  electric  jirecipitate.  The  chrvmate,  C‘*H*'NO*.C’r*‘iPOMi*0  (?)  is  a yellow 
flocculeiit  precipitate  which  turns  brown  during  w.ashing.  and  when  heated  a few 
degrees  above  100°,  decomposes  suddenly,  giring  off  cbinolino  (?)  and  pbenylic 
alcohol. 

P&KCATZTS.  A variety  of  liydrodoloinite,  found  on  Vestivius,  and  at  Predazzo 
in  South  Tyrol,  Sj>ecific  gravity  2 634  to  2*613,  Contains  26*7  to  29*8  per  cent. 
curlx>nic  anhydride,  3.V86  to  35  7 lime,  24*9  to  23*8  magnesia,  and  16  6 to  10*7  water, 
agreeing  approximately  with  the  formula  Ca"CO*.Mg"JPO“  (Both,  J.  pr.  Chem. 
xxxvi.  304.  Damour,  Bull,  geolog.  [2]  iv.  1052.) 

PETTOBAWAJt  S^AMBX.  The  hatiy  stem  of  an  Bust  Indian  fern,  Cihotium 
Cuthinyii  (i.  UG2),  us«'<l  for  arresting  brnmorrhage. 

FSmvxia  £.  A variety  of  chlorite  from  Zermatt  in  the  Valais  (i.  918). 

PEX7KXTE.  Syn.  with  HTDROKiciiEx.MAGy^aiTB  (iii.  212), 

PS17TA*  A prefix  denoting  that  a compound  contains  6 atoms  of  the  clement 
specified  : e.g.  paiiuchluride  of  PCI* ; pentachloracftone^  C*IiCl*0. 

PEBTACHX.OSOXVX.Xrr  or  PBirTACBX.OXOXVX.OarJB.  One  of  the 

products  obtained,  according  to  Gorup-Besanez,  by  the  action  of  hypoclilorous  acid  on 
creosote  (ii.  105). 

PElTTABXrEPBOPTXOPBOSPBATS  OP  STHTE.  See  Sui.puopnos- 

PHOKIC  EtHKUS.  • 

PEBTSTHVEEBXC  AECOBOE.  See  Ethylknk,  nTDRATRS  or  (ii.  677). 

PEBTATBXOXrXC  ACXD.  See  Sclphur,  Oxygkn-acivs  of. 

PEPEOEXTE.  A mineral  from  Ramsberg  in  Sweden,  Laving  the  composition  of 
a hydrous  dichroite  (ii.  320).  Specific  gravity  2 68  to  2*75.  Contains  45  95  per  cent, 
silica,  30  51  alumina,  6 77  ferrous  oxide.  7*99  magnesia,  0*50  lime,  and  8 30  water. 
(Carlsson,  Kongl.  Vet.  Acad,  P'orh.  1857,  p.  241.) 

PSPBXir*  (Schwann,  Muller’s  Arch.  1836. — W asm  an  n,  Dissert.  1839.  lelim. 
Phys.  Ch.  H.  40. — Briicke,  Wien.  Acad.  Ber.  xliii.  601. — Schmidt,  Ann.  Oh. 
Pharm.  Ixi.  22.) — The  “active  principle”  or  digestive  “ferment”  of  gastric  juice.  The 
name  was  first  used  by  Schwann.  He  precipitated  ^tric  juice  or  arid  infusion  of 
stomach  with  mercuric  chloride,  suspended  the  precipitate  iu  water,  and  got  rid  of  the 
mercury  by  sulphuretted  hydrogen.  The  liquid  thus  obtained  very  speedily  dissolved  or 
digested  albumen,  &c.,  at  a blood-heat ; and  Wasman  n showed  that  from  it  could  be 
precipitated  by  alcohol  a substance  which,  when  redissolved  in  dilute  acids,  exhibited 
the  same  digestive  ^wers,  and  to  which  the  name  of  pepsin  was  given.  Pepsin,  thus 
prepand,  was  from  its  reactions  judged  to  be  a protein-l>ody.  But  Mulder  ol)taine<.l 
artificial  digestive  fluids,  free  from  proteic  reactions,  and  quite  recently  Briicke  hns 
been  able  to  prepare  pepsin  in  a state  of  ^ater  purity.  An  infusion  of  the  glandular 
layer  of  the  stomach,  made  with  diluts  tribasic  phosphoric  acid,  is  filtered  and  neu- 


Digitized  by  Google 


PEPTONKS. 


373 


tralis^d  with  lime<watcr.  The  balky  precipitate  of  calcic  phosphate,  which  carries 
down  with  it  mechanically  the  greater  part  of  the  pepsin,  is  collected,  washed,  presse*l, 
and  treated  with  dilute  hydrochloric  acid.  The  sulution  is  again  precipitated  by 
lime-water,  and  the  deposit  again  diasolred  in  dilute  acid.  To  this  second  solution  is 
gradually  midnil,  by  means  of  a long  filter  reaching  down  to  the  bottom  of  the  vessel, 
a saturated  solution  of  cholesterin  in  a mixture  of  1 part  ether  and  4 uloohol,  and  tbo 
whole  is  well  shaken.  The  cholesterin,  with  the  mechanically  entangled  pepsin,  is 
separated  by  filtration,  well  washed,  and  treated  with  ether.  The  ether,  holding  the 
cholesterin  in  solution,  is  then  poiired  off,  and  the  remaining  liquid  filtered.  The 
filtrate  which,  when  feebly  acidified,  acta  very  energetically  on  protein-bodies,  gives 
no  precipitate  with  miner^  acids,  tannin,  or  mercuric  chloride,  and  only  a turbidity 
with  the  acetates  of  lead.  It  gives  no  xanthoproteic  reaction,  and  is  not  coloured  by 
sulphuric  acid  and  sugar,  or  by  strong  hydrodiloric  acid.  Pepsin  appears,  therefor*  , 
not  to  be  a protein  body ; that  of  previous  writers  evidently  contained  other  substanc>  s 
beside  the  actual  “ferment'*  itself. 

Pepsin  is  only  active  in  a dilute  acid  solution.  It  is  apparently  more  active  in 
conjunction  with  hydrochloric  tlmn  with  lactic  or  other  acids.  A too  high  or  too  low 
degree  of  acidity  is  injurious,  0’08 — 0 2 per  cent,  of  hydrochloric  acid  being  about  the 
most  suitable.  Neutralisation  suspends,  without  destrojring,  the  action  of  a dilute 
acid  solution.  >;>trong  alkalis  seem,  however,  to  injure  pepsin. 

The  temperature  best  suited  for  the  action  of  pepsin  is  that  of  the  body.  According 
to  Brinton,  the  particular  degree  varies  with  the  individual  temperature  of  the 
animal,  the  pepsin  of  fishes  being  inert  at  the  temperature  of  the  mammalian  lK>dy. 
In  general,  temperatures  above  that  of  the  body  are  injurious  ; those  below  returd  the 
action.  A solution  of  pepsin  is  completely  deprived  of  its  enci^  b^  boiling. 

Pepsin  appears  not  to  bo  used  up  or  consumed  during  digestion ; that  wliich  is 
pour^  into  the  alimentary  canal  during  digestion  pusses  out  in  part  by  the  urine  after 
it  has  done  its  work,  and  may  be  recovered  from  that  fluid.  Briicke  found  it  also 
in  flesh. 

The  modus  operandi  of  i>epsin  is  unknown.  It  is  usually  called  a “ferment,”  but 
some  other  name  seems  to  be  needed  to  distinguish  its  action  from  such  a proce..«<8  as 
vinous  fermentation.  The  theory  that  “the  action  of  gastric  juice  is  a transfer  to 
albumen,  Ac.,  of  a molecular  change  going  on  iu  the  gastric  juice,  pepsin  and  peptone 
being  essentially  analogous  to  each  other  in  properties,”  is  distinctly  negatived  by  the 
fact  of  pepsin  not  being  a protein-compound ; and  we  may  infer,  from  pepsin  not 
being  used  up  in  digestion,  and  from  its  possessing  in  itself  no  great  proneness  to 
cliange,  that  any  “ energy  ” which  is  concerned  in  peplouiticatiou  does  not  come  from 
the  pepsin  itself. 

Pepsin,  as  secreted  in  the  so-called  peptic  glands  of  the  stomach,  is  neutral;  the 
secretion  becomes  acid  in  the  ducts  of  the  glands  (Brucke).  Schmidt  supposes 
that  pepsin  and  hydrochloric  acid  unite  to  form  a compound  acid,  tho  chloro-hydro- 
pepsic  acid. 

The  action  of  pepsin  is  hindered  by  the  presence  of  peptones.  Hence,  when  portions 
of  albumen,  Ac.,  are  successively  added  to  a given  quantity  of  solution  of  pepsin,  the 
process  of  digestion  is  at  last  arrested.  The  addition  of  fresh  dilute  acid  will,  however, 
renew  it. 

A preparation  has  become  an  article  of  pharmacy  under  tho  name  of  pepsin.  It  is 
obtained  by  drying  the  glandular  layer  of  pig's  or  coifs  stomach  at  low  temperatures. 

M.  F. 

PSPTOVSS.  (Lehmann,  Lehrb.  i,  318. — Brucke,  Wien.  Acad.  Ber.  xjtxvii. 
131. — Meissner,  ^itschr.  Kut.  Med.  vii.  1,  viii.  280,  x.  1,  lii.  46,  xiv.  78,  303.) 
—Derivatives  of  the  protein-bodies  arising  during  the  process  of  digestion  ; albumi- 
nose  of  Mialbe.  According  to  Lehmann  and  Mulder,  the  peptones  are  white 
amorphous  bodies,  insoluble  in  alcohol  but  readily  soluble  in  water,  the  solution 
reddening  litmus.  They  form  soluble  neutral  compounds  with  alkaline  and  earthy 
bases.  The  feebly  acid  solutions  are  not  coagulated  by  boiling,  not  precipitated  by 
alcohol,  mineral  acids,  carbonate  of  ammonium,  sulphate  of  sodium,  neutral  acetate  of 
lead,  or  ferrocyanide  of  pota.'isium,  but  by  tannin  and  mercuric  chloride.  They  turn 
the  plane  of  polarisation  to  the  left,  and  give  Millon’s  and  the  xanthoproteic  reaction. 

Meissner's  account  of  thes*?  bodies  is  as  follows.  When  the  opalescent  fluid 
resulting  from  the  digestion  of  coagulated  albumen  with  pej«in  and  hydrochloric  acid  of 
O'l — 02  percent,  strength,  is  filtered  and  carefully  neutralised,  awhile  flaky  precipitate 
is  thrown  down,  which  may  be  separated  by  filtration,  leaving  the  rest  of  the  liquid 
perfectly  clear.  The  acid  solutions  resulting  from  the  digestion  of  casein,  muscle- 
fibre,  and  blood-fibrin,  give,  when  neutralised,  a similar  precipitate,  which  Meissner 
calls  parapeptone.  When  the  clear  neutral  fluid  remaining  after  tbo  separation  of 
the  parapeptone  is  carefully  acidified,  so  that  tho  amount  of  free  acid  is  very  small,  a 
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secoiul  pivcipitat^  is  iunucd,  which  also  may  l>e  removed  by  filtration,  and  to  which 
the  name  ot'  metupeptoue  has  been  given  (only  a very  small  quantity  of  this  body 
can  bt*  obtained  by  the  digestion  of  albumen).  The  filtrate  contains  Uie  peptones. 
When  fibrin  or  casein  is  exposed  to  artificial  digestion,  the  whole  is  not  dissolved, 
however  long  the  process  may  be  carried  on  ; a fiaky  precipitate  is  always  formed, 
and  this  J^Ieissuer  calls  dyspeptone.  Besides  these  bodies  the  solutions  always 
contain  various  saline,  fatty,  and  extractive  bodies,  in  spite  of  the  most  careful  clearing 
of  the  original  protein-substances.  Meissner  describes  the  peptone  of  albumen  as  giWng 
Li'bmanu's  rtnictions,  but  states  that  the  peptone  of  muscle-fibre  is  also  precipitated 
by  alcohol,  the  nitrates  of  mercury  and  silver,  ferrocyaniile  of  potassium,  and  basic 
acetate  of  lead.  He  further  believen  tluit  the  peptone  of  fibrin  is  a mixture  of  three 
bodies; — a.  peptone  precipitated  by  concentrated  nitric  acid  and  by  ferrocyanide  of 
potaasium  in  the  presence  of  a small  quantity  of  acetic  acid ; b.  peptone  precipitated 
by  ferrocyanide  of  potassium  only  in  the  presence  of  much  acetic  acid,  and  not  at  all 
by  nitric  acid ; c,  peptone  precipitated  by  neither. 

Parapeptone  (from  albumen)  is  insoluble  in  wuU‘r,  but  very  soluble  in  dilute  acids 
and  uikulis,  from  its  solutions  in  which  it  may  be  precipitated  by  a mixture  of  alcohol 
and  ether  (but  not  by  alcohol  alone),  ttlso  by  tannic  acid,  basic  acetate  of  load,  and  mercu- 
ric chloride.  From  its  acid  solutions,  it  is  precipitated  by  concentrated  solutions  of  the 
neutral  alkaline  salts,  and  from  its  acetic  acid  solution  by  ferrocyanide  of  potassium. 
It  gives  Millon’s  reaction.  The  parapeptones  of  fibrin  and  muscle-fibre  are  similar  to 
that  of  albumen.  That  of  casein  is  disUnguiahed  by  the  precipitate  formed  by  neutral 
alkaline  salts,  being  soluble  in  excess  of  the  reagent.  Inasmuch  as  parapeptone 
appears  at  every  stage  of  the  (artificial)  digestion  of  protein-bodies,  increasing  in 
amount  as  the  proccbs  continues;  and  since  it  cannot  by  the  action  of  pepsin  be 
converted  into  neptoue,  Meissner  regards  it  as  a distinct  final  product,  and  not  as  a 
mere  stage.  He  oelleves  that  pancrt-atic  juice  has  the  power,  which  gastric  juice  has 
not,  of  converting  it  into  peptone.  The  bodies  he  has  called  meta-  and  dyspeptone  he 
considera  as  mere  temporary  modifications  of  peptone  and  parapeptone. 

Briicke,  on  the  other  hand,  asserts  that  parapeptone  is  easily  converted  into 
peptone,  is  not  in  any  sense  a final  product,  and  consiifers  its  precipitation  from  the 
original  opalescent  fluid  by  a neutral  salt  or  by  neutralisation,  to  be  a mechanical 
rather  than  a chemical  process.  Others  hold  parapeptone  to  bo  identical  with  syntonin. 

The  peptones  cannot  be  produced  by  the  action  of  dilute  mineral  acids,  in  the 
ahfrouce  of  pepsin,  at  the  temperature  of  the  body,  but  the  change  may  be  brought 
about  by  prolonged  boiling  either  with  dilute  acids  or  with  distilled  water.  The 
action  of  ozone  also  gives  rise  to  similar  products  (Gorup-Besan  ez).  Thiry  gives 
the  elementary  composition  of  parapeptone  as  C 51*34,  H 7‘25,  N 16*18,  >S  2*12, 
0(  + P)  23*11;  of  peptone  (obtained  by  prolonged  boiling  with  distilled  water) 
C 50  87,  H 7*03,  N 16  34,  S 164,  O(-fP)  *24*12,  that  of  the  albumen  used  for  the 
experiments  and  prepared  by  neutralising  a solution  of  white  of  egg  in  dilute  hydro- 
chloric acid  of  0*2  per  cent,  strength,  being  C 61*37,  H 713,  N 16*00,  S 2*12,  0(  v P) 
23*38. 

The  protein-bodies  from  the  vegetable  kingdom  are  in  a similar  way  changed  by 
the  action  of  pepsin  into  peptones  (and  parapeptone).  Gelatin  appears  to  be  merely 
dissolved  by  the  acid  of  gastric  juice,  not  converted  into  peptones  ; chondrin  is  split 
up  into  a peculiar  sugar  (cartilage-sugar)  and  a nitrogenous  body  resembling  gelatin. 
(Meissner.)  M.  F. 

A prefix  used,  for  the  most  part,  to  denote  that  the  compound  to  which  it 
bi'longs  is  the  highest  of  a certain  senes : r.g.  perchloride  of  phosphorus  PCI*,  per- 
oxide of  manganese  MnO*.  The  term  peroxide  was  formerly  restricted  to  oxides  like 
MnO*  and  PbO*,  which  give  up  a certain  portion  of  their  oxygen  when  treated  with 
acids,  and  form  salts  corresponding  to  lower  oxides ; bat  this  use  uf  the  word  is  now 
nearly  obsolete. 

FSRa&onsXO  Acxa.  BrllOV  (Kammerer,  J.  pr.  Chem.  xc,  190;  Bull 
Soc.  Chim.  1863,  i.  129.) — Obtained  by  the  action  of  bromine  on  perchloric  acid.  On 
evaporating  the  liquid  over  the  water-bath,  perbromic  acid  remains  as  a colourless  oil, 
which  is  not  decompos<*d  by  hydrochloric,  sulphurous  or  sulphydric  acid.  PerbromaU 
of  potaMium  is  obtained  as  a crystalline  precipitate  on  mixing  concentrated  solutions 
uf  perbromic  acid  and  caustic  potash  or  chloride  of  potassium : it  is  more  soluble  than 
perchlorate  of  potassium,  but  less  soluble  than  the  bromate. — The  barium-salt  is  very 
s)lnble  in  boiling  water.— The  sihrr-saH  is  sparingly  soluble  in  cold,  much  more 
sjluble  in  boiling  water,  and  cr}*8tallises  in  long  needles  on  cooling. 

FB3RCBXtORAT388.  MClO*  or  M"C1*0*,  according  to  the  atomicity  of  the 
m»’tsL  The  general  characters  of  these  salts  have  Leon  already  describ^'d  (see  Chj.ouinb, 
UWOKM-ACIDS  OF,  i.  910). 
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Perchlorate  of  Ammonium,  NH*C10^  forms  transparent  rectangular  prisms 
with  dihedral  summits;  isomorphous  with  the  potassium-salt  (p.  37^);  a \ b \ e ^ 
0*7926  t 1 : 0*6409.  Angle  ooP  : ceP  (macr.)  = 76®  41';  Pco  : Poo  (basal)  » 
77^  65'  (Kopp).  It  is  soluble  in  6 pts.  water,  somewhat  soluble  also  in  alcohol.  Tlie 
solution  when  eraporated  gives  off  ammonia  and  bromic  acid.  It  is  soluble  in  excess 
of  perchloric  acid,  and  is  therefore  precipitated  by  the  latter. 

Perchlorate  of  Barium,  Ba"CPO*,  obtained  by  saturating  the  acid  with  caustic 
baryta  or  barytic  carbonate,  or  by  decomposing  the  zinc-salt  with  baryta-water,  crystal- 
lises in  long  deliquescent  prisms,  easily  soluble  in  water  and  in  alcohol.  Paper  satu- 
rated with  the  aqueous  solution  burns  with  a green  flame.  (Serullas.) 

Perchlorate  of  Cadmium.  Cd"CPO*.  Deliquescent,  but  crystallises  when  its 
aqueous  solution  is  evaporated  by  heat.  (Serullas.) 

Perchlorate  of  Calcium.  Ca"CPO*.  Very  deliquescent,  crystallises  in  prisms 
soluble  in  alcohol.  (Serullas.) 

Perchlorate  of  Copper,  Cu"Cl*0*,  form  large  blue  deliquescent  crystals. 

Basic  Perchlorate  of  Cuprammonium.  (N*H*Cu'’)"CPO“.2(NlD)ITO  ■■ 

)V 

Cu"  obtained  by  dissolving  cupric  carbonate  in  perchloric  acid,  supersaturating 
(C10>)M 

with  ammonia,  and  covering  the  solution  with  a layer  of  alcohol,  forms  dark  blue  non- 
deliquescent  crystals  which  crumble  to  a green  powder  on  exposure  to  tlie  air.  The 
concentrated  aqueous  solution  is  completely  decomposed  by  boiling  into  free  ammonia, 
perchlorate  of  ammonium,  and  black  oxide  of  copper.  (Roscoe,  Ann.  Ch.  Pharm. 
exxi.  346.) 

Perchlorates  of  Iron. — The  ferrous  salt,  Fe"Cl*0*,  obtained  by  precipitating 
ferrous  sulphate  with  perchlorate  of  barium,  forms  long  colourless  nee^es  which  may 
>j€  exposed  to  the  air  for  some  time  without  decomposing,  but  ultimately  turn  yellow 
from  formation  of  basic  salt  (Serullas).  By  dissolving  metallic  iron  in  dilute  hydro- 
chloric acid,  the  salt  is  obtained  in  small,  greeniah-white,  very  deliquescent  crystals, 
containing  Fe'’Cl*0*.6H*0,  which  do  not  give  off  their  water  either  in  vacuo  over 
oil  of  vitriol  or  at  100®,  but  decompose  at  higher  temperatures  (Roscoe),  The  ferric 
salt  is  not  known. 

Perchlorates  of  Lead. — A solution  of  Icad-oxido  in  aqueous  perchloric  acid 
yields  by  spontaneous  evaporation,  a mass  of  indistinct  spicular  crystals  of  the  neutral 
salt  (Pb"Cl’0*.3Il’0,  according  to  Roscoe),  easily  soluble  in  water,  and  having  a 
sweetish  astringent  taste.  The  crystals  do  not  give  off  their  water  in  vacuo  or  at  100® 
(Roscoe).  On  boiling  the  concentrated  solution  with  a large  excess  of  lead-carbonate, 
and  evaporating,  indistinct  lustreless  crystals  are  obtaim^,  which  are  resolved  by 
water  into  a soluble  and  an  insoluble  portion ; and  the  solution  thus  obtained  yields  on 
evaporation  a basic  salt,  Pb'’CFO".Pb"H^O*,  in  crystals  of  two  different  forms,  one  of 
which  becomes  dnll  when  taken  out  of  the  liquid,  while  the  other  remains  bright  and 
transparent.  (Marignac,  Recherches  sur  les  formes  crystallines,  &c.,  Genive,  1835, 
p.  36.) 

Perchlorate  of  Manganese.  3In"Cl*0*. — Deliquescent,  soluble  in  alcohol,  not 
cryetallisable. 

Perchlorates  of  Mercury. — The  mercurous  salt,  Hg'C10*.3H*0  (Roscoe), 
ciy'stallises  in  small  concentric  needles  which  do  not  alter  on  exposure  to  the  air  at 
ordinary  temperatures  (Serullas),  and  do  not  give  off  their  water  in  vacuo  or  at  100® 
(Roscoe).  The  mercuric  salt,  Hg"Cl*0*,  crystallises  when  evaporated  by  heat,  in  colour- 
less, rectangular,  very  deliquescent  prisma,  which  dissolve  in  alcohol,  leaving  a white 
substance  which  turns  red  during  filtration,  and  consists  mainly  of  mercuric  oxide. 
The  liquid  filtered  from  this  precipitate  yields  on  evaporation  a mixture  of  mercurous 
and  mercuric  oxide.  (Serullas.) 

Perchlorate  of  Potassium.  KCIO*. — This  salt  is  produced  bythe  decomposition 
of  the  chlorate : 1.  Chlorate  of  potassium  is  kept  in  a state  of  fusion  till  it  b^ns  to 
assume  a pasty  condition,  or  till  about  four  litres  of  oxygen  gas  have  been  given  off 
for  every  thirty  grammes  of  the  salt.  Tbo  residue  then  consists  of  a mixture  of  per- 
chlorate and  chloride  of  potassium : 

2KC10*  *=  Kao*  -I-  Ka  + 0*. 

If  it  still  contains  undecomposed  chlorate,  a sample  treated  with  hydrochloric  acid  will 
exhibit  a yellow  colour;  in  this  case  the  beating  must  be  prolonged.  On  dissolving 
the  residual  saline  mass  in  the  smallest  p^ible  quantity  of  boiling  water,  and  leaving 
the  solution  to  cool,  perchlorate  of  potassium  separates  in  small  shining  crystals  whicr. 
may  be  freed  from  chloride  by  recrystallisation. 
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2.  Chlorate  of  |fotaasium  is  fused  at  a gentle  heat,  theo  introduced  in  as  lai^e  pie?M 
as  possible  into  a retort,  and  covered  with  three  and  a>half  to  four  times  its  weight  of 
strong  sulphuric  acid.  The  previous  fusion  of  the  t«\lt  is  necessary,  to  diminish  the 
number  of  points  of  contact  with  the  acid,  and  thus  to  moderate  the  action,  which  might 
otherwise  become  so  rapid  as  to  cause  a dangerous  explosion.  As  soon  as  the  mass 
has  ceased  to  give  off  a yellow  gas,  the  retort  must  be  plunged  into  water  heated  not 
above  60®,  and  to  such  a depth  a.M  to  warm  only  the  saline  mixture,  not  the  gas  above 
it.  The  saline  m^iss  becomes  colourless  after  a while,  and  then  consists  of  a mixture  of 
acid  sulphate  and  perchlomte  of  potassium,  the  latter  of  which  may  b<j  crystallised  from 
boiling  wafer  and  purified  by  recrystallisatjon  as  bc-fore. 

3.  I’erchlonile  of  potassium  may  also  l^e  obtained  by  heating  the  chlorate  with  strong 
nitric  acid  (Penny,  J.  pr.  Chem.  xxiii.  296).— -J.  By  electrolysis  of  the  chlorate  (Sta- 
dion). 

Perchlorate  of  potassium  crystallises  in  limpid  right  rhombic  prisms,  «P  . Pee,  tho 
latter  often  predominant;  also  with  oP  and  other  faces.  Ratio  of  axes  a : h : c = 

0 7S17  : 1 : 0 6408.  Angle  «P  : ceP  in  the  maerodiagooal  principal  section  a»  76®  2‘, 
Pae  : Pao  (basal)  »a  78®  41' (Kopp).  The  crystals  are  anhydrous  but  contain  a little 
decrepitation-water.  Tho  salt  has  a slight  taste  like  that  of  the  chloride,  dissolves  in 
66  pts.  water  at  16®,  in  a much  smaller  quantity  of  boiling  water,  ai:d  is  insoluble  or 
very  sparingly  soluble  in  alcohol  (Serullas).  According  to  Roscoe,  it  is  as  soluble 
in  absolute  uleohol  as  carbonate  of  barium  in  water,  but  in  alcohol  containing  a small 
quantity  of  acetate  of  potassium  it  is  absolutely  insoluble.  When  heated  above  400® 
It  is  re.Holved  into  oxygen  and  chloride  of  potassium.  It  deflagrates  slightly  on  red-hot 
ooals.  In  consequence  of  tho  sparingly  solubility  of  this  salt  in  water,  perchloric  acid 
forms  a precipitate  in  the  solutions  of  nearly  all  potassium-salts,  even  of  alum  and 
tartar-emetic. 

Perchlorate  of  Silver,  AgCI0\  does  not  crj’stallise,  but  forms  a white  powder 
which  deliquesces  in  tho  air  and  is  soluble  iu  alcohol.  The  aqueous  solution  turns 
brown  in  sunshine,  Tho  dry  salt  may  be  fusinl  without  much  decomposition,  and  solid- 
ifies in  tho  crystalline  form  on  cooling  ; but  at  a higher  temperature  it  suddenly  girea 
off  oxygen,  and  leaves  clJoridc  of  silver.  (Sorullas.) 

Perchlorate  of  Sodium,  NaClO*,  may  bn  prepared  by  direct  combination,  or  by 
heating  the  chlorate  with  strong  nitric  acid.  It  is  deliquescent,  soluble  in  alcohol,  and 
separates  from  the  solution  in  transparent  lamina:  (Serullas) ; rhombohedrons 
(Penny). 

Perchlorate  of  Zinc,  Zn"Cl’0*,  crystallises  by  evaporation  in  tufU  of  deliquescent 
needles,  soluble  in  alcohol. 

P£RCBXiOB.IC  BTHEB.  CHI'CIOV  Efhylic  Pfrchlorate,  Perchlorate  of 
Kthtfl.  (Clark,  Hare  and  Boyle,  Phil.  Mag.  [3]  xix.  370. — Roscoe,  Chom.  Soc.  J. 
XV.  213.) — This  compound  is  best  prepared  by  distilling  a mixture  of  ethyl-sulpliat© 
and  perchlorate  of  barium.  An  alcoholic  solution  of  perchlorate  of  silver  treated  with 
ethylic  iodide,  even  at  — 10®,  yields  merely  perchloric  acid  and  ethylic  oxide,  and  on 
bringing  perchloric  acid  in  contact  with  alcohol  or  ether,  a violent  explosion  generally 
takes  place,  1 at.  perchlorate  of  barium  is  rubbed  to  a tine  powdt'r  with  1 at.  crystal- 
lised clhyl-sulpbate  of  barium  ; and  a small  quantitjr  of  the  mixture,  not  exceeiling  80 
grains  (on  account  of  the  danger  of  explosion),  is  introduced  into  a small  retort  con- 
nected with  a tube-shap<*d  receiver  surrounded  with  ice  and  heated  in  an  oil-bath 
provided  with  a thermometer,  by  means  of  an  Argand  lamp,  which  can  be  quickly 
removed.  A wooden  8cn*en  with  holes  fUlod  up  with  plates  of  glass  roust  be  placed 
for  protection  between  the  operator  and  the  retort.  No  action  takes  place  till  the 
temperature  ri»«*8  to  100®,  and  so  long  jui  the  water  (of  crystallisation)  has  not  passed 
over,  there  is  no  fear  of  explosion.  But  above  100®,  the  heat  must  be  very  slowly 
raised  to  171®,  at  which  temp^Tature  the  distillation  comes  to  an  end  : 

C'H"'Ba"S20*  + Ba"Cl=0«  « 2B!rSO*  + 

With  perchlorate  of  potassium  the  operation  does  not  succeed  ; neither  can  the  ether 
be  obtained  by  the  use  of  ethyl-sxdphuricacid  instead  of  the  barium-sail. 

'fhe  perchloric  ether  collects  in  the  receiver,  covered  witli  a layer  of  water.  The 
water  is  removed,  without  taking  the  receiver  in  the  hand,  which  might  cause  an  ex- 
plosion— by  means  of  a strip  of  paper  moistened  at  the  end.  To  preserve  the  per- 
chloric ether  without  danger,  it  may  lie  mixed  with  absolute  alcohol;  for  a mixture  of 

1 to  2 parts  absolute  alcohol  with  the  perchloric  ether  obtained  from  1 pt.  ethyl-sul- 
jibate  of  barium  does  not  explode.  The  pure  ether  may  be  again  separated  from  this 
mixture  by  the  addition  of  an  (“qual  bulk  of  water ; the  separation  is  however  always 
attended  with  loss,  because  the  water  exerts  a decomposing  action  on  the  ether.  All 
manipulations  with  this  compound  should  be  performed  with  gloves  on  the  hand,  and  a 
maak  with  thick  eye-glasses  before  the  face.  (Hare  and  Boy  le.) 
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Roscoe  distils  ao  intimate  xnixtnre  of  equal  weights  (10  grms.)  of  the  two  salts  in 
a small  retort  heated  in  an  oil-bath,  the  m‘ck  of  the  retort  being  bent  downwards,  and 
passing  into  a test-tube  containing  a small  quantity  of  water.  About  2 cub.  cent,  of  an 
oily  liquid  heavier  than  water  then  passes  over  between  140®  and  160®,  and  at  170® 
white  fumes  of  perchloric  acid  arc  given  o£  The  oily  distillate  is  purified  by  repeated 
washing  with  water. 

Perchloric  ether  is  a transparent  and  colourless  liquid,  heavier  than  water,  of  agree- 
able odour,  and  sweet,  afterwards  bitter,  cinnamou-like  taste,  insoluble  in  water,  soluble 
in  ether.  At  100®  it  either  explodes  or  swells  up.  It  is  the  most  violently  explosive 
of  all  known  compounds,  the  explosion  being  induced  by  heat,  fhction,  percussion,  and 
often  taking  place  without  any  external  cause.  When  dry  it  explodes  on  being  merely 
poured  from  one  vessel  to  another.  The  least  drop  explodinl  on  an  open  porcelain  basin 
crumbles  it  to  powder.  If  the  above-mentioned  mixture  of  perchloric  ether  with 
alcohol  be  poured  into  a basin  containing  an  equal  quantity  of  water,  the  greater  part 
of  the  hydrated  alcohol  poured  off  from  the  drop  of  perchloric  ether  which  falls  to  the 
bottom,  and  the  remaining  liquid  thrown  on  a wet  filter  supported  by  a wire  funnel, 
so  that  the  watery  liquid  may  run  off,  the  drop  of  perchloric  ether  which  remains  on 
the  filter  may  be  exploded  by  contact  with  a hot  l^dy  or  by  the  blow  of  a hammer. 
Its  solution  in  a sufficient  quantity  of  alcohol,  however,  burns  away  completely,  when 
set  on  fire,  without  the  least  explosion.  (Rare  and  Boyle.) 

Perchloric  ether  does  not  decompose  when  kept  under  water;  but  undergoes  partial 
decomposition  when  separated  by  water  from  its  alcoholic  solution. — Alcoholic  potash 
added  to  the  mixture  of  perchloric  ether  and  alcohol  instantly  produces  complete 
decomposition  of  the  ether,  and  throws  down  a larger  quantity  of  potassic  per- 
chlorate. 

PSRCHZtOROPXiATnrOCTAim>ES.  See  Platincx,  Ctaxidus  of  (ii. 
268). 

PSRCaXiOSOQVmOirS.  Sec  Qulnone. 

PSRCBXiORORirBXAJr.  See  KuBlAX. 

PSRCBXiOROX'nrAPBTHAX.ZC  ACZR.  See  OxTNAPUTnAxic  Acm  (p. 
313). 

PSRCTZ»ZTS.  A mineral,  cryatallised  in  cubes,  Sonora  in  Mexico,  con- 
taining, according  to  Percy,  chlorine,  lead  and  copper,  in  the  proportion  0*84  : 2'16  : 

0‘77,  whence  he  regards  it  as  Pb*CPO.Cu*Cl’O.H*0.  (Phil.  Mag.  [3]  xxxvi.  131; 
Jahresb.  1850,  p.  763.) 

PSREZRZIfE.  An  alkaloid  occurring  in  the  bark  of  Pao  Pereira  {ValUsia 
in(dita),  an  apocyunceous  trt*e  growing  in  the  Brazilian  forests:  it  possesses  febrifu- 
gal propcrtii*8.  (Goob,  Pharm.  Centr.  1839,  p.  610. — Peretti,  Annali  medic,  chinirg. 
di  Itoma,  i.  fasoic.  3.) 

PSRZCEASE*  Magnesia  with  6 to  8'5  per  cent,  ferrous  oxide,  occurring  in  enbes 
on  Monte  Somma,  disseminated  through  ejected  masses  of  a white  lime-stone,  and  in 
spots  of  clusteretl  crystals,  sometimes  with  white  olivine  and  earthy  magnesite. 
(Damour,  Ann.  Min.  [3]  iv.  381. — Scacchi,  J.  pr.  Chem.  xxviii.  486.) 

PERZCEZzr.  Syn.  vnth  Albite  (see  1'elspar,  ii.  621). 

PBRXBOTE.  Syn.  with  Ouvm  (p.  201). 

PBRZMORPHOV8  CRT8TAZ*Si  Crystals  consisting  of  an  envelope  of  one 
mineral  with  a nucleus  of  another,  the  external  form  of  the  crystal  being  that  of  the 
envelop<' ; for  exam{>le  at  Arendal  crystals  are  found  having  the  form  of  garnets  and  an 
external  envelope  of  that  mineral, while  the  interior  consists  of  calcspar  (Jahresb.  1858, 
p.  740  ; 1861.  p.  966). 

PERXORZe  ACZR.  See  Iodine,  Oxtgbx-acids  of  (iii.  307). 

PERZSTERXTE.  Albitc  from  Perth,  Xx>wer  Canada  (see  Felspar,  ii.  622). 

PEREXTR.  Syn.  with  PsARLSToyB  (p.  368). 

PERaCAXXSIVT  WRITE.  Sulphate  of  barium,  used  as  a water-colour  pigment. 

PERMAROAKATEB.  See  Manoa>ic  Acids  (iii.  819). 

PSROP8RXTE  or  PEROW8XZTE.  Titanate  of  calcium,  occurring  in  cubes 
and  other  monometric  forms  at  Achmatousk  nearSlatoust  in  the  Ural  (sec  Titakatbs). 

PEROWBXZR.  See  Thiphylin. 

PEROXIBE8.  See  Oxygen  (pp.  304,  309). 
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VSR8FXK&TX01V.  (Favre,  Compt.  rend  xxxr.  721. — Schottin,  Arch.  Phys. 
Hlk.  xi.  73. — Funke,  Molesch.  XJntenjuch.  iv.  36.  — Lehmann,  Lehrb.  ii.  326.) — 
Material  paesing  away  the  body  by  way  of  the  skin.  According  to  Sequin,  the 
body  loeee  by  skin  and  longs  18  grains  per  minute,  of  which  11  grains  pa»s  off  by  the 
skin  and  7 grains  by  the  lungs.  A large  portion  leaves  the  body  in  a state  of  gas  or 
vapour,  constituting  what  is  called  the  " insensible  ” perspiration.  This  consists 
mainly  of  watery  vapour,  the  amount  of  which  varies  within  wide  limits  according  to 
the  temperature  and  moisture  of  the  atmosphere,  the  quantity  and  character  of  the 
food  ana  drink  taken,  the  condition  of  the  body,  whether  at  rest  or  at  work,  &C.  It  is 
in  fact  this  evaporation  which  regulates  the  tempt'rature  of  the  body.  Besides  watery 
vapour,*‘inser.sible  perspiration  contains  carbonic  acid,  nitre^n  (?)(see  RsspiiUTtuN), 
and  small  (juantities  of  volatile  and  odoriferous  matters. 

That  which  remains  on  the  surface  of  the  body  as  a liquid  is  called  the  “sensible'* 
perspiration  or  sweat.  It  is  said  to  be  secreted  by  the  sudoriparous  glands  of  the 
skin,  and  also,  accordingto  some  authors,  by  the  portions  of  skin  ^tween  those  glands. 
Over  most  parts  of  the  body  sweat  is  mixed  with  a fatty  secretion  derived  from  the  so« 
called  sebaceous  glands. 

This  sebaceous  secretion,  which  when  gathered  in  masses  forms  the  twifx  caseota  and 
Bmegma  -prirputii^  consists  principally  of  fatty  bodies,  palmitin,  olein,  with  their  soaps 
and  cholesterin,  a protein  body  resembling  casein,  extmetives,  and  salts,  vi*.  chloride 
of  sodium,  with  earthy  and  alkaline  phosphates. 

Sweat,  when  obtained  in  a tolerably  pure  state,  is  a clear  colourless  fluid  with  no 
morphological  constituents  beyond  epidermic  8cal<«.  When  fresli,  its  reaction  ia  acid, 
of  variable  intensity;  but  according  to  Favre,  during  a prolonged  and  copious  sweat, 
the  reaction,  at  first  acid,  becomes  after  a while  neutral,  and  at  last  alkaline.  The 
odour  of  sweat,  often  very  mark<*d,  varies  with  the  situation  whence  it  has  been  ob- 
tained. The  amount  of  solid  constituents  varies  exceedingly  ; in  general  it  is  in  in- 
verse ratio  to  the  rapidity  of  secretion,  up  to  u certain  limit,  beyond  which  it  remains 
constant.  Funke  givi^s  118  per  cent,  as  an  average,  *962  per  cent,  being  the  mean 
for  the  organic,  *329  per  cent,  tor  the  inorganic  substances.  The  total  amount  of  sweat 
varies  extremely. 

As  normal  constituents  of  sweat  may  be  mentioned — 1.  Various  acids;  mainly 
formic,  with  butyric  and  acetic,  and  possibly  propionic,  caproic  and  caprylic.  The 
existence  of  lactic  acid  (Berzelius)  has  been  aenied  by  later  observers. — 2.  Neutral 
fats,  which,  since  they  have  been  found  in  parts,  such  ns  the  palm  of  the  hand,  destitute 
of  sebaceous  glands,  must  be  reckoned  as  true  elements  of  sweat:  cholesterin,  palmitin, 
olein,  stearin. — 3.  Nitrogenous  bodies : the  sudoric  or  hydrotic  acid  of  Favre,  urea 
(leucine,  tyrosine  ?).  Most  observers  have  failed  to  find  the  former ; the  latter  has  been 
determin#^  by  Funke,  who  found  as  much  ns  01 12  and  0199  per  cent,  in  a total  dry 
residue  of  *696  and  *790  per  cent.  Other  inquirers  also  have  detected  urea  in  sweat 
(according  to  Meissner,  the  amount  of  it  varies  with  the  nature  of  food  taken), 
and  yet  Ranke  failed  to  find  it  (see  Nutritiok,  p.  162). — 4.  Salts:  chiefly  chloride 
of  B(^inm,  with  chloride  of  potassium,  alkaline  and  earthy  phosphates,  alUine  sul- 
phates, and  a trace  of  iron.  According  to  Schottin,  there  is  also  a colouring  matter. 
The  amount  of  epithelium  is  0*42  per  cent.,  Schottin,  or  0*206—0*233,  Funke; 

The  following  substances  are  said  to  have  been  observed  at  various  times  as  abnor- 
mal constituents  of  sweat : Albumen,  ur<*a  (in  laige  quantities  in  cholera),  uric  acid, 
oxalate  of  (^cium,  lactic  acid,  sugar,  bile-pigments,  indigo  in  blue  sweat,  black  colour- 
ing matter  in  black  sweat,  and  blood  in  “oloody  sweat.”  Benzoic  (partly  as  bippuric)^ 
succinic  and  tartaric  acids,  iodine  and  iodide  of  potassium,  have  when  taken  internally 
been  detected  in  the  perspiration.  M.  F. 

FKltBPXROTUC  ACX3>.  Syn.  with  Salictuc  Acid. 

PBMin.PBXl>3BS,  AmX-l>ZaxrX.PHOCAKBOWZC  and 
SUXPBOCAJtBOBZC.  See  SULPHOCAJtBONIC  Fthbrs. 

PSUITZ.PROCPABZO  AOX2>.  C»H»N«S*  = Cy*H»S«.  Persu/pAoeyanJkydric 
or  Hydrop^Kulpkocyaync  and,  Sulphuretted  Ifydrotulphoct/anie  arid,  llydroxanthie 
and.  (Wohler,  Gilb.  Ann. Ixix.  271. — Woskresensky,  TVaitf  de  Chimie  oryanique 
par  Liebig,  i.  192.— Liebig,  Ann.  Ch.  Pharm.,  xliii.  96.— Volckel,  Pogg.  Ann.  Iviii. 
138  ; Ixi.  149  Ixii.  160  Ann.  Ch.  Pharm.  Ixxxix.  127.)— This  body  was  discovered 
in  1821  by  Wohler,  but  was  confounded  for  some  time  with  persu]phoc}’anogen  ; till 
the  distinction  between  the  two  was  pointed  out  by  Woskresensky  and  by 
Volckel. 

It  is  produced  by  tlie  metamorphoms  of  sulphocyanic  acid,  CjlIS  under  the 
influence  of  mineral  acids ; also,  under  certain  circumstances,  by  the  spontaneous  dccom- 
poeition  of  solphocyanatcs : 
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3CyHS  - CyH  + Cy'H'S* 

Sulphocranie  lljdrocranlc  PertulphocyAnte 

ad(i.  «cld4  wrltl. 

It  ifl  prepared : — 1.  By  mixing  a cold  saturated  aqueous  solution  of  sulphocyanate 
of  potassium  with  from  6 to  8 times  its  bulk  of  strung  hydrochloric  acid.  The  mixture 
at  first  coagulates  into  a white  gelatinous  magma,  which  turns  yellow  in  a few  minutes, 
gives  off  carbonic  anhydride  and  hydrocyanic  acid,  after  the  lapse  of  an  hour,  and  is 
converted  into  a mass  consisting  of  a liouid  and  needles  of  penulphocyanic  aci^  The 
needles,  if  collected  after  24  hours  and  washed  with  cold  water,  constitute  the  pure 
acid  (Volckol).  The  decomposition  takes  place  just  as  well  with  a dilute  solution 
of  solphocyanate  of  potassium  ; but  the  separation  of  the  needles  is  slower. — Another 
metb^  is  to  saturate  a solution  of  sulphocyanate  of  potassium  in  5 parts  of  water, 
keeping  it  cold,  with  hydrochloric  acid  gas : the  persulphocyanic  acid  then  separates 
after  a while,  on  cooling,  in  the  form  of  a yellow  powder.  If,  however,  the  liquid  be 
suffered  to  get  warm  from  the  absorption  of  the  hydrochloric  acid,  part  of  the  separated 
snlpbocyauic  acid  volatilises  undecomposed ; the  mixture  likewise  gives  off  carbonic 
anhydride  after  a while,  sometimes  also  sulphuretted  hydrmn  and  s^phideof  carbon ; 
and  there  are  formed  in  it,  hydrocyanic  acid,  formic  acid,  and  ammonia,  by  which 
products  the  yield  of  persulphocyanic  acid  is  diminished,  the  amount  of  diminution 
being  greater  as  the  solution  of  sulpbooyanido  uf  potassium  is  more  dilute,  and  its 
temperature  rises  higher  (Volckel). — 2.  By  passing  dry  hydrochloric  acid  gas  over 
melted  sulphocyanate  of  potassium  contained  in  a tubulated  retort,  whereupon  sulphide 
of  carbon  and  hvdrocyamc  acid  arc  evolved,  and  persulphocyanic  acid  sublimes.  The 
latter  is  purified  by  dUssolving  it  in  boiling  alcohol,  from  which  it  separates  out  again 
on  cooling.  (Liebig.) 

Persulphocyanic  acid  thus  obtained  is  a pale  yellow  crvstalline  powder,  tasteless 
and  inodorous,  nearly  insoluble  in  cold  tvattr,  sparingly  soluble  in  boiling  water,  whence 
it  separates  in  splendid  yellow  needles  on  cooling;  soluble  also  in  alcohol  and  in  ether. 
The  solutions  have  a slight  acid  reaction,  and  form  precipitates  with  the  salts  of  many 
of  the  hoary  metals. 

Persulphocyanic  acid  decomposes  at  about  200®,  giring  off  chiefiy  sulphide  of 
carbon,  and  finally  ammonia  and  sulphur;  if  the  heat  ha.s  been  rather  strong,  the 
residue  consists  of  hydromellone  (iii.  874) ; if  it  has  been  lower,  the  residue  reacts  liko 
a mixture  of  sulphur  and  melam.  Accordingto  Gerhardt's  formula  of  melam  and 
hydromelloue  (iii.  866,  874)  the  decomposition  may  be  represented  by  the  equations : 


3CW’n=S«  - 3CS>  + 

Pervutplincysnlc 

acid. 

S*  + C*N*H* 

Melam. 

and 

2C*N*H*  - 3NH* 

Melam. 

H)’dromeUoD«. 

or,  according  to  Liebig’s  fonnulse  (loc.  cit.')  ; 

eC'N’H’S*  = 6C8*  + S* 

Periulphocfsnic 

acid. 

+ NH*  + CW*II» 

MeUm. 

and 

C*N"H*  - 2NH* 

+ C*N*H> 

Melam.  Hydromellone* 


Small  quantities  of  sulpbydric  and  sulphocyanic  acid  are  likewise  found  among  the 
products. 

Volckel,  by  heating  persulphocyanic  acid  to  various  temperatures,  obtained  a 
number  of  brown  or  yellow  amorphous  residues,  of  varying  composition,  wfiich  he 
regarded  as  sulphides  of  peculiar  radicles  {xuthene^  inelenef  xantkene,  &c.);  but  they 
were  probably  nothing  but  mixtures. 

Persulphocyanic  acid  is  but  slightly  attacked  by  hydrochloric  acid  at  common 
temperatures ; at  the  boiling  heat,  however,  it  is  partly  resolved  into  carbonic  anhydride, 
ammonia,  sulpbydric  acid,  and  sulphur: 

C»N*H>S*  + 4H*0  - 2CO*  2NH»  + 2H*S  + S. 

nitric  acid,  especially  when  hot,  converts  it  into  carbonic  anhydride,  sulphnric  acid, 
and  ammonia.  It  dissolves,  without  alteration,  in  cold  strong  sulyhurie  acid,  and  is 
roprecipitated  by  water;  but.  on  boiling  the  solution  sulphurous  anliydrido  is  evolved: 
— Chlorine  decomposes  persulphocyanic  acid,  especially  with  aid  of  heat,  forming 
chloride  of  sulphur,  chloride  of  cyanogen,  hydrochloric  acid,  and  a brown-red  body  in- 
Bolnble  in  water.— By  caustic  alkalis  it  is  gradually  converted  into  sulphocyanate  and 
free  sulphur:  Cy*H>.S»  * 2CyHS  + S. 

Persulphocyanates. — The  solutions  of  persulphocyanic  acid  in  aqueous  alkalis 
may  be  regard^,  when  recently  prepared,  as  persulphocyanates,  though,  as  just 
observed,  they  are  gradually  converted  into  sulphooyanatcs.  These  solutions,  as  well 
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as  the  aqueous  acid,  form  yellow  precipitates  with  ftannoiu  chloride,  cupric  sulphate, 
and  nitrate  of  lead:  with  nitrate  of  silver  a yellow  precipitate  which  quickly  decom- 
poses, with  formation  of  sulphide  of  silrer ; and  with  ^atinic  chloride  a brownish-yellow 
precipitate.  The  salts  of  the  other  heavj'  metals  are  not  precipitated  by  soluble  per- 
eulphocyanutes. 

Persulpfwcyanate  of  Lead.  Cy^Pb^S*. — Obtained  by  precipitating  a boiling  aqueous 
solution  of  the  acid  with  neutral  acetate  of  lead ; resembles  chromate  of  lead  in  external 
characters,  and  is  perfectly  insoluble  in  water,  alcoliol,  and  dilute  acids. — With  basic 
acetate  of  lead,  a precipitate  is  formed  containing  Cy*Pb"S*.Pb'‘0. 

PBK8Vl.PHOCTAiroCi:ir.  = Cy*HS"?  pseudosulphocyanogen. 

Sulphide  of  Cyanogen,  Cyanoxisx^fde.  (Wohler,  Gilb.  Ann.  Ixix.  271. — Liebig, 
Ann.  Ch.  Pharm.  x.  1 ; xi.  12;  iiv.  4;  xxxix.  199,  201,  212;  L 337. — Parnell, 
Kev,  scient.  r.  149. — V’olckel,  Ann.  Ch.  Pharm.  xliiL  80;  Ixxxix.  127  ; Pogg.  Ann. 
Iviii.  145;  Ixii.  607. — Laurent  and  Gerhardt,  .\nn.  Ch.  Phys.  [3]  xix.  98. — 
Jamieson,  Ann.  Ch.  Pharm.  lix.  339. — Gm.  viii.  108. — Gerh.  i.  447. — A compound 
produced  by  the  action  of  chlorine  or  boiling  dilute  nitric  acid  on  aqueous  sulphocyanato 
of  pobissium.  It  is  an  orange-yellow  precipitate,  insoluble  in  water,  alcohol,  and  ether, 
soluble  in  strong  sulphuric  acid,  whence  it  is  precipitated  by  water  without  alteration. 
It  was  formerly  regaixied  as  suiphocyanogen  CNS,  the  radicle  of  the  sulphooyanates ; 
but  its  constitution  is  really  more  complex.  The  analyses  made  of  it  by  different 
chemists  also  differ  considerably,  as  will  be  seen  by  the  following  table : — 


Liebig. 

Parnell. 

Carbon 

2006 

Nitrogen  . 

23-23 

Sulphur  . 

65-84  to  6615 

62-59 

Hydrogen , 

0-33  to  0-96 

0-92 

Oxygen 

3-20 

100-00 

V6'lckel. 


earlier. 

later. 

JiUnieMin. 

Liur.  & Gci 

19  93 

20-20  20-31 

19-17 

20-45 

23-31 

22-36 

6-2-68 

64  26 

6088 

63-90 

1-08 

0-90  0-91 

1-58 

0-66 

3-00 

6-01 

100-00 

100-00 

All  these  analyses  were  made  with  persulphocyanogeu  obtained  b^  the  action  of 
chlorine  on  aqueous  sulphocyanate  of  potassium. — Liebig  dried  it  in  vacuo  before 
analysing  it. — Parnell  dried  it  partly  over  the  water-bath,  partly  at  242°  at  whicJi 
latter  temperature  a slight  odour  of  cyanogen  was  apparent. — A’^olckel  does  not  state 
the  temperature  at  which  his  substance  was  dried. — Jamieson  boiled  the  precipitate 
with  water  as  long  as  anything  was  dissolved  out,  and  examined  the  pure  yellow 
powder  which  remained.  During  this  boiling,  the  odour  of  cyanogen  was  perceptible, 
and  the  water  dissolved  sulphocyanic  acid,  together  with  a small  quantity  of  another 
sulphur-compound.  As  the  preparation  might  have  been  decomposed  during  tliis  long 
boiling,  and  moreover  it  is  not  stated  how  the  substance  was  dried  before  analysis,  the 
analytical  results  are  not  much  to  be  trusted,  especially  as  the  amount  of  oxygen 
comes  out  too  great.  This  amount  of  oxygen  is  regarded  by  L i e b i g (Ann.  Ch.  Pharm. 
1.  337)  as  very  problematical,  inasmuch  as,  in  the  dry  distillation  of  pseudosulphocyano- 
gen,  no  oxygenised  product  is  obtained,  except  water. — L a u r e n t and  Gerhardt  dried 
the  portion  of  the  precipitate  which  appeared  under  the  microscope  to  be  perfectly  free 
from  crystals  (probably  of  persulphocyanic  acid)  for  a long  time,  and  at  high  tempera- 
ture. Their  analysis,  which  agrees  very  nearly  with  the  more  recent  analyses  by 
Voickel,  leads  to  the  formula  C'N*HS*(caIc.  20'57  C,  24  00  N,  54  86  S,  and  0 57  H), 
according  to  which  persulphocyanogen  is  formed  from  persulphocyanic  acid  by  substi- 
tution of  1 at  cyanogen  for  1 at  hydrogen. 

Persulphocyanogen  when  heated  gives  off  sulphide  of  carbon  and  free  sulphur, 
leaving  a residue  of  hydromellonc : 

3C^N>HS>  = 3CS*  + S«  + C‘N'n*. 

If  moisture  is  present,  ammoniacal  products  are  also  given  off  at  the  commencement  of 
the  decomposition.  Chlorine  acts  on  persulphocyanogen  only  at  high  temperatures, 
forming  solid  chloride  of  cyanogen,  chloride  of  sulphur,  and  a residue  of  hydromellone. 

Persulphocyanogen  dissolves  easily  in  a solution  of  sulphydrate  of  potassium,  yielding 
sulphocyanate  and  sulphomellonide  of  potassium,  together  with  other  products  : 

2Cy*H.S>  + 3KHS  + 2H*0  - 2CyKS  + Cy»H*KNS^  + 3H=S  + CO*_+  S*. 

Sulpho-  Sulphomel-  ~ 

ejanate.  loiilde. 

Persulphocyanogen  dissolves  slightly  in  ammonia  (Wohler);  abundantly  (Liebig). 
When  boiled  with  potash,  it  forms  a solution  which  gives  with  ferric  salts  the  reaction 
of  sulphocyanic  euad.  By  triturating  persulphocyanogen  with  strong  potash,  adding  a 
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Inrgo  quantity  of  water,  then  an  excess  of  lead-acetate,  and  lastly  sufficient  acetic  acid 
to  produce  an  acid  reaction,  Volckel  obt^tined  a browuUh-yellow  precipitate,  apparently 
consisting  of  2C>nVS*.Pb"inO*. 

Hydrothioci/nnu:  acid. — When  persulphocyjinogcn  is  boiled  with  potash,  and  hydro- 
chloric acid  addwl  to  the  solution,  a yellow  powder  is  precipitated  which  dissolves  in 
42  pts-  of  boiling  water,  and  the  solution  forms  with  acetate  of  lead  a yellow  precipitate 
of  kydrothiocyanatf  of  had,  Cy*HPb"S*0.  The  acid,  Cy’H*S*0,  may  be  regarded  as 
formed  from  persulphocyanogen  by  addition  of  1 at.  IPO.  The  analysis  of  the  yellow 
iwwder  aljove  mentioned  does  not  however  agree  very  well  with  this  formula.  (Parnell, 
Volckel.) 

PSSITBZTS.  Orthoclase  from  Perth  in  Canad;i.  See  Fklspak  (ii.  G20). 

psatr  BAXSiUa.  See  Balsahs  (i.  496). 

PSR17&ZC  ACZO.  An  acid  obtained,  according  to  Unger  (Pogg.  Ann.  Ixv. 
222),  by  gently  heating  guanine  with  a mixture  of  chlorate  of  potassium  and  hydr<»- 
chloric  acid.  It  crystallises  in  shortened  prisma  with  rhombic  base,  or  in  tufts  of 
colourless  crystals  destitute  of  taste  and  smell.  Contains  31  26  per  cent  carbon  and 
2 60  hydrogen  ; ratio  of  carl>on  to  nitrogen  10-4  ; whence  it  is  probably  C’*1I*N"0*.H  0. 

PX&T7VZ1V.  Syn.  with  St\'roxk  or  Cixntlic  Alcohol  (i.  992). 

PSTAliZTZS.  Castor, — A silicate  of  aluminium  and  lithium,  also  containing 

sodium,  in  which  lithia  was  discovered  by  ArfvKlson  in  1818.  It  occurs  massive,  with 
appan*ntly  monoclinic  structure,  exhibiting  ihre**  cleavages  in  one  zone,  affording  the 
angles  117®,  142®  ami  101®,  the  cleavages  inclined  at  142®  are  the  most  distinct. 
Ifaniness  « 6 to  6’5.  Specific  gravity  = 2*42  (Arfvedson);  245  (Clarke); 
2 426  (C.  G.  Gmelin).  It  has  a ntreous  and  glistening  lustre,  j>early  on  the  faces  of 
|H*rfect  cleavage,  and  a white  or  grej  colour,  with  occasionally  a reddish  or  greenish 
tinge.  Streak  white.  Translucent.  Fracture  imperfect  conchoidaL 

When  liented  before  the  blowpi|>e,  either  alone  or  with  fluor-spar  and  acid  sulphate 
of  potassium,  it  colours  the  flame  transiently  rod,  behaving  in  other  resp<*cts  like  ortho- 
clnse.  It  is  not  attacked  by  acids.  • 

Analysts. — 1.  From  Uto:  a.  By  Arfvedson  (8chw.  J.  xxii.  93): — h.  By  C. 
Gmelin  (Gilb.  Ann.  Ixii.  399); — c.  Reddish;  — d,  Wliitish,  by  Waltershausen 
{Vidks,  Gesf.  p.  295)  c.  By  Hagen  (Pogg.  Ann.  xlviii.  3Cl);— /.  Specific  gravity 
2*4 17—2*455,  by  Ra  m m elsberg  {ibid.  Ixxxv.  544).  — 2.  From  Bolton,  Massachusetts, 
by  Smith  and  Brush  (Sill.  Am.  J.  [2J  xvi,  365). — 3.  From  Elba  (the  variety  called 
Castor ; by  Plattner,  Pogg.  Ann.  Ixix.  436,  443) : 


1. 

J. 

«. 

a. 

i. 

e. 

d. 

f. 

/. 

Silica 

7921 

7417 

76-74 

74-60 

77-22 

77-79 

77  93 

98  01 

Alumina 

17-22 

17-41 

lS-66 

16-94 

17-47 

18-58 

16  24 

18-85 

Lithia 

fi-76) 

6-16 

2-69 

2-98 

2-67 

3 30 

3-63 

2-76 

Soda 

. . \ 

0-05 

2-29 

1-19 

0-50 

Limo 

0-32 

0-62 

0 73 

Magnesia 

. . 

, 

0-10 

0-10 

0-24 

Ferric  oxide  . 

0-18 

0-16 

, 

0-56 

0-61 

Loss  by  ignition 

ViV 

0 97 

0 92 

0-65 

10219 

99  23 

99-96 

96-48 

99-65 

100  86 

99-75 

100  23 

According  to  these  analyses,  petalite  may  be  regarded  as  3(M^0.2Si0*).4(AlW6Si0*) 
or  p<Tlmi>s  as  3(M'^0.3S'i0*).2(2AT*0".9Si0®).  Castor  may  be  approximately  represented 
by  the  formula  (Li"0.3Si0’).(2AlK)’.9Si0*)  or  by  (Li*0.2Si0»).2(AIW6Si0*). 

PSTASZTS.  A resin  obtained  from  the  root  of  Tus/ntayo  prtasites.  It  is  not 
altered  by  caustic  soda.  Its  alcoholic  solution  mixed  with  mineral  acids  assumes  an 
emerald-green  colour,  changing  to  bine  in  the  case  of  hydrochloric  acid.  (Reinsch, 
N.  Jahrb.  Pharm.  iv.  257.) 

PSTZ19ZS7B.  An  alkalo’nl,  isomeric  if  not  identical  with  tetrylamine,  C*H'‘N, 
occurring  in  the  most  volatile  portion  of  bone-oil.  (See  Tktbtijuuinr.) 

PSX&OX*.  C*H'*.  (Bussenius  and  Eisenstuck,  Ann.  Ch.Pharm.cxiii.  151.) 
—A  hydrocarbon  (not  isolated)  occurring  in  the  petroleum  of  S<-hnde  near  Hanover. 
On  distilling  the  crude  petroleum  with  steam  at  a pressure  of  4 or  5 atmospheres,  and 
rectifying  the  naphtha  which  passes  over,  a portion  is  obtained  boiling  below  180®  and 
con.Histing  of  petrol  together  with  olefines  and  liomologiies  of  manh-gas.  The  petrol 
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caoDot  be  separated  by  fractional  distillation,  but  by  treatment  with  a mixture  of  strong 
nitric  and  siUpburic  acids,  it  may  be  converted  into  a ciystalline  compoun«1,  viz. : 

T'rini^ro^e^ro^,  C‘IT'(NO*)^. — To  prepare  this  compound,  2 pts.  oil  of  vitriol, 
1 pt.  nitric  acid  of  specific  gravity  15,  and  2 pts.  of  tho  above-mentioned  distillate, 
boiling  below  180'^,  ore  disposed  one  over  the  other  in  layers  in  a tubulated  retort,  and 
left  to  rest  for  24  hours.  The  action,  which  would  be  violent  if  the  liquids  were 
rapidly  mixed,  then  takes  place  quietly,  and  trinitropetrul  separates  between  the  acid 
and  the  oil,  as  a crystalline  mass,  which,  after  the  acid  and  oil*  have  draine<l  off.  is 
purified  by  washing  with  water  and  with  lukewarm  alcohol,  and  repeated  fractional 
crystallisation  from  hut  alcohol,  the  portion  which  sepanites  Ix'low  40*^  being  each  time 
collected  apart. 

Trinilroj)etrol  crystallises  in  needles  and  scales,  the  latter  being  formed  most 
abundantly  at  comparatively  low  tcmp«*rnturee.  It  melts  at  162®,  solidifjnng  again  at 
1350 — 140®.  It  is  insoluble  in  ttairr,  soluble  in  fthrr,  hmrene,  and  cold  alcohol,  more 
easily  (to  the  amount  of  in  boiling  alcohol.  It  is  decomposed  by  a mixture  of 
iron  filing$  and  acttic  acta,  but  without  formation  of  ciy'stal Usable  products.  With 
alcoholic  tulphidc  of  ammonium,  it  forms  two  compounds,  one  of  which  possesses  distinct 
basic  properties,  viz. ; 

JV'if rfi/ifianune,  C*H"N*0*  -■  — When  trinitropetrol  is 

mixed  in  a retort  writh  alcoholic  sulphide  of  ammonium  and  sulphydrio  acid  gas  is  passed 
into  the  mixture,  a large  quantity  of  sulphur  suddenly  sep;irat<'s,  and  nitro-petroldiamine 
crystallises  out.  The  excess  of  sulphiue  of  ammonium  and  the  alcohol  are  removed  as 
completely  as  possible  by  distillation,  and  the  nitropelroldiamine  ia  purified  by  ex- 
hausting the  n*«idue  writh  boiling  alcohol,  dissolving  the  crystals  which  separate  there- 
from in  dilute  sulphuric  acid.f  precipitating  the  fUternl  solution  with  ammonia, 
repeating  this  solution  and  precipitation,  and  rccrystallising  the  product  from  alcoliol. 

Nitropetroldiaminc  crystallises  in  long  orange-nxl  monoclinic  prisms,  insoluble  in 
water,  sparingly  soluble  in  cold,  rather  eaailv  in  boiling  alcohol.  It  b^'gins  to  sublime 
at  210®,  melts  at  216®  (the  fused  mass  solufifying  in  the  crjslalline  form  at  the  same 
temperature),  and  decomposes  at  a higher  teinivrature,  with  separation  of  charcoal. 
Treated  with  nitrous  acid,  it  yields  nothing  but  browm  resinous  pnvluolH. 

HydrochltiToUs  of  Hitroptiroldiaminc. — The  salt,  C"11“N*0’.IIC1,  is  obtaine<l  in 
crystals  by  heating  the  base  with  water  and  aquantity  of  hydrochloric  acid  not  sufficient 
for  complete  solution,  and  leaving  the  filtrate  to  evaporate.  A solution  of  the  base  in 
excess  of  hydrochloric  acid  yields  th*'  salt  C*II"N*0’.2HC1. 

The  chlorojilatinatc,  C*lI‘'N’0^2HCl.Pt*'’Cl4. 311*0,  separates  on  adding  platinic  chlo- 
ride to  tiie  solution  of  the  last-mentioned  salt,  in  golden-yellow  six-sided  microscopic 
tablets,  which  dissolve  easily  in  hydrochloric  acid,  are  decomposed  by  water,  with 
separation  of  the  base,  give  off  their  crystallisation-water  below  100®,  and  hydrochloric 
acid  at  a temperature  a little  alxive  that  point. 

Sulphatts. — o.  On  boiling  nitropetroldiaminc  with  water,  adding  dilute  sulphuric 
acid  till  it  is  completely  dissolved,  and  leaving  the  solution  to  cool,  the  salt  C^H'*N*0*. 
S*H*0*  separatea  in  rather  large  six-sideil  monoclinic  prisms,  which  are  decomposed 
by  water. — The  mother-liquor  of  this  salt  yicUls  by  slow  evaporation  over  oil  of 
vitriol,  large  transparent  plates  of  the  salt  C"H'*N*0’.2.Sfl*  0^2H’O,  which  gives  oflf  its 
water  at  100®,  and  like  the  preceding,  is  docompoeed  by  rocrystallisation  from  hot 
water,  yielding  basic  compounds, — y.  On  boiling  nitropetroldiamine  with  a quantity  of 
dilute  sulphuric  acid  not  sufficient  to  dissolve  tho  whole,  and  filtering  the  solution  while 
hot,  the  filtnite  solidifies  to  amass  of  small  yellowish  lamtmc  of  the  salt  2C*H“N*0*. 
SH*0*.2H*0,  which  gives  off  its  crystallisation-watcr  at  110®. 

Tricthylnitropetroldiaminc,  — Tho  hydrio- 

date'of  this  base,  C’^H’Ts'O^.HI,  obtained  by  beating  nitropetroldiamine  for  some  time 
with  ethylic  iodide  in  a bath  of  boiling  solution  of  nitrate  of  sodium,  and  purified  by 
recrystallising  the  solid  part  of  the  product  from  hot  water,  crystallises  in  rM  rhombic 
prisms  with  pyramidal  faces.  On  adding  ammonia  to  the  solution  of  this  hydriodate  in 
nydrochloric  acid,  triethyl-Ditropetroldiumioe  is  precipitated  in  lemon-yellow  scales ; it 

* Thii  oiljr  liquid,  after  washing  with  water,  drying  over  chloride  of  calcinm,  left  on  rectification  a 
thicklih  yellow  realoue  which  deposited  nacreous  crystalline  laminw.  I'heae  crrstals  exhibited  on  on«> 
occasion  a melling  point  between  l•^5^  and  IV^,  and  a compos-tion  corresi>oncfing  with  the  formula 
C>H>(  KO^’,  whence  they  appear  to  consist  of  the  next  homoingue  of  triniiro|»etrol ; they  also  reacted 
like  the  latter  with  sulphide  of  ammonium. 

t There  then  remains  umlissolved  nn  ornnge-yellow  cryitalline  compound  insoluble  in 

water.  alkaUa  and  dilute  acids,  soluble  in  conrentraiM  arid*,  and  separable  therefrom  by  water  ; 
tnnrmgly  soluble  in  alcohol,  ether,  chloror>trm  and  tul|ilnde  of  carbon  ; melting  at  I9I**»I9*/^,  and  sub- 
liming in  small  quantity.  When  siihjerted  to  llie  arU'*n  of  dry  hydrochloric  acid  gas,  it  forms  the 
somewhat  unstubte  compotind  t’i*H*’N^O‘-'.iHCi . 


PETROLENE— PETROLEUM. 


383 


19  soluble  in  alcohol  and  in  ether,  and  separates  from  these  solutions  on  evaporation  in  oily 
drops  which  tkdidify  in  the  crystalline  form  after  some  time  only.  Thu  solution  oftho 
base  in  hydrochloric  acid  yields,  on  addition  of  platiuic  chloride,  the  platinum-salt 
2(C'*H'*N“OMICl)Pt'’Cl\  in  tufts  of  slender  goldon-yellow  needles. 

FSTXO&SX’JB.  The  name  applied  by  Boossingault  to  the  more  volatile  con- 
stituent of  asphalt  or  bitumen  (i.  426).  hiee  also  V olckel  (Ann.  Ch.  Pbarm.  Ijjizvii. 
139;  Jahreab.  1853,  p.  524). 

FBXSOX»BXrM.  Earth  Oil,  Eaphtha,  MaJtka,  Mintral  Tar  or  Oil;  Erdbl,  Sieinol; 
Bitume  liquide.^A.  variety  of  liquids  known  by  some  one  or  other  of  the  above  names, 
and  corresponding  with  vegetal  and  animal  oils  in  the  characters  of  inflammability  and 
insolubility  in  water,  occur  in  many  parts  of  the  earth.  They  all  agree  in  possessing  a 
strong  bituminous  smell,  but  difler  considerably  in  other  physical  characters,  being 
sometimes  thin,  transparent  and  pale  coloured ; sometimes  viscid,  opaque  and  black. 
There  are  also  numerous  varieties  with  characters  intermediate  between  these  extremes. 
The  specific  gravity  varies  from  07  to  1*1,  and  the  colour  is  frequently  brown  or 
greenish.  The  name  naphtha  has  generally  bc^n  applied  to  the  thinner  and  least  coloured 
varieties  of  mineral  oil,  or  to  the  more  volatile  portion  of  the  distillate  obtained  by 
rectifying  the  native  oil,  while  the  darker  and  more  viscid  kinds  have  been  termed 
mintral  tar,  and  the  intermediate  varieties  petrvUum. 

The  countries  most  famous  for  the  occurrence  of  mineral  oil  are  Persia,  the  Caucasas 
and  Georgia,  Bnrmah,  the  West  Indian  Islands,  and  Noilh  America.  It  also  occurs 
in  the  country  to  the  north  of  the  Danube,  in  Italy,  Bavaria,  Hanover,  Zuute,  Switzer- 
land, China,  India,  and  to  some  extent  in  England  and  France. 

Chemically  the  substances  known  by  names  of  naphtha,  pt^troleuro,  &c.,  are  all  very 
closely  allied,  inasmuch  as  they  consist  for  the  most  part  of  oils  differiug  in  density  and 
volatility.  The  older  analyses  of  these  mineral  oils  were  made  without  any  further 
attempt  at  separating  the  substances  they  evidently  contained  in  a state  of  mixture, 
than  merely  rectifying  the  oil  and  tn*ating  it  with  sulphuric  acid.  They  sufficed,  how- 
ever, to  establish  the  fact  that  the  constituents  of  petroleum  were  essentially  com- 
pounds of  carbon  and  hydrogen ; but  the  chemistry  of  the  hydrocarbons  was  so  slowly 
developed,  after  the  time  when  Faraday  demonstrated  the  existence  of  numerous  com- 
pounds of  tills  kind,  and  petroleum  was  so  little  used,  that  scarcely  any  prepress  was 
made  towards  a knowledge  of  its  constitution  until  quite  recently,  since  the  extensive 
application  of  tliis  material  to  useful  purposes  has  caused  greater  attention  to  bo 
directed  to  it. 

A thick  black  variety  of  petroleum,  occurring  between  Pcklenicza  and  Moslowina  in 
Hungary,  was  examined  in  1788  by  Winter!,  who  found  that  it  yielded  by  distillation 
a colourless  oil,  a yellow  oil,  and  a buttery  mass.  (Crell‘s  Cbem.  Anna],  i.  493.) 

A dark  brown  Galician  pretoleum  of  specific  gravity  0 943,  was  examined  in  1791 
by  Martinovich,  who  obtained  from  it  by  distillation  a yellow  oil  of  specific  gravity 
0‘81l,  and  two  darker  oils  of  specific  gravity  0‘8C7  and  0*961  respectively  (CreH’s 
Cbem.  Annal.  i.  72).  In  1817  Saussure  published  an  account  of  his  investigation  of 
the  native  naphtha  of  I^Iiano,  in  the  Duchy  of  Parma,  which  was  used  at  that  time  for 
lighting  the  streets  of  Genoa.  Ho  described  it  as  being  a transparent,  yellow,  thiu 
liquid,  0*836  specific  gravity,  with  a strong,  persistent  smell,  separable  by  dbtillation 
into  a colourless,  lighter  and  more  volatile  portion,  and  a hcaricr,  less  volatile  portion. 
The  former  he  termed  rectified  naphtha.  It  had  a specific  gravity  of  0*758,  with  only  a 
slight  evanescent  odour,  was  entirely  volatile  at  the  ordinary  atmospheric  temperature, 
unalterable  by  exposure  to  light  and  air,  and  little  acted  on  by  strong  acids.  It  mixed 
in  all  proportions  with  absolute  alcohol,  and  dissolved  in  seven  parts  of  alcohol  of 
specific  gravity  0*835.  Caoutchouc  macerated  in  this  rectified  naphtha  without  heat, 
swelled  to  at  least  thirty  times  its  volume,  but  after  forty-eight  hours  the  naphtha  con- 
biincd  only  a seven-thousandth  of  its  weight  of  caoutchouc.  (B.bh  Univ.  S.  and  A. 
iv.  116.) 

In  1829  Unverdorben  obtained  from  Persian  petroleum  similar  prodiicfs  by  dis- 
tillation, and  inferred  that  it  consisted  of  a mixture  of  several  oils  together  with  a small 
quantity  of  n kind  of  solid  fat  (purafi!in  ?),  resin,  and  an  iudiflerent  coloured  substance. 
(5?chweig.  Jour.  Ivii.  243.) 

Christison  and  Gregory  in  1831  examined  the  petroleum  of  Rangoon.  It  was 
of  a buttery  consistence  nt  ordinary  temperatures,  of  a dark  brown  colour  with  a tinge 
of  green,  and  a specific  gravity  of  0*880.  They  separated  it  by  distillation  into  three 
diflyrent  portions,  and  extracted  pjiraffin  from  it  See  PaiUFFix.  (Trans.  Roy.  Soc. 
E<linb.  xiii.  118,  124.) 

Blanchet  and  Soil  in  1833  obtained  similar  products  from  Persian  petroleum, 
viz. : an  oil  of  specific  gravity  0*749,  boiling  at  94®  C,  and  three  oils  loiling  at  138®, 
187®  and  220®  respectively.  (Ann.  Ch.  Pharm.  vi.  300.) 
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In  1836Kobell  examinwl  tbe  petroleum  from  the  Tegem  Lake  in  Bavaria,  knovn 
by  the  name  of  Quirinus  and  sepamted  from  it  a permanently  liquid  oil.  and  another 

which  partly  solidified  when  cooled  to  6°.  (J.  pr.  Chem.  viii.  305.) 

A thick  brown  petroleum  from  Niebylow  in  Galicia,  examine!  by  Toro  si  wiecz,  had 
a specific  gravity  of  0*960  and  became  perfectly  liquid  only  at  61°.  Another  kind  from 
Truscawice  was  of  specific  gravity  0*890.  (Repcrt.  Iv.  16;  lii.  398.) 

Hess  described  the  petroleum  of  Baku  at  the  same  time  as  having  a specific  gra- 
vity of  0*835,  bi^ining  to  boil  at  140°  and  yielding  by  fr.tctional  distillation  oils  which 
bad  no  fixed  Iwiling  point.  (Pogg.  Ann.  xxxiv.  417.) 

In  1840  Pelletier  and  Walter  obtained  by  repeatedly  rectifying  that  portion  of 
the  Miano  petroleum  which  distilled  between  130°  and  270®,  an  oil  which  they  called 
7jnphtha  boiling  at  83°— 88°,  to  which  they  gave  the  fomnila  also  an  oil  boil- 

ing at  116°  which  they  called  naphfen  (C‘4I“),  and  an  oil  lK)iling  at  19°  which  they 
ealle<l  and  they  regarded  these  oils  as  the  constituents  of  petroleum. 

J.  Plmnn.  xxvi.  649.) 

In  1848  and  1849  T’re  and  Mansfield  examined  a variety  of  mineral  tar  from  a 
coal  mine  at  Alfrt*ton  in  Derbyshire.  The  specific  gravity  was  0*900,  and  it  consisted 
chiefly  of  Uqtiid  oils  l>oiling  at  tcmperatur**s  above  300°,  presenting  in  its  characters 
some  resemblance  to  the  oil  or  tar  distilled  from  bituminous  shale.  (Pharm.  J. 
Twns.  vii.  485  ; Chem.  Soc.  Qu.  J.  i.  249.) 

Besides  these  investignhons.  several  analyses  of  petroleum  and  of  the  products 
obtained  from  it  bv  fmctional  distillation  had  been  made,  the  result  of  which  are  given 
in  the  following  table : 

Analyses  of  VetnAeum  and  its  products. 


^ Kind  of  peiroleutn. 

Carbon. 

Hydrogen. 

Bulling  point. 

Authority. 

Miano 

J Rectified? 
) protluets^ 

87-21 
85  65 

12*79 

13*31 

: ;l 

8aussure.  ^ 

• Persian  . 

. Rectified 

85  92 

12-12 

. , 

Dumas. 

Persian  . 

(Rectified? 

83-88 

14  29 

94°  1 

Blanehet  and  1 

* \ products) 

86  43 

13-06 

215°( 

Sell.  1 

Baku  . 

( Rectified  j 
' ? products) 

79-82 

to 

85-85 

13  20) 
to  V 

14  5U 

various 

Hess.  1 

Miano 

. Native 

85*58 

13-17 

1 

( 

( 

85*30 

13  40 

100°— 115°1 

1 

Miano 

(Rectified  ' 

84-50 

13-40 

115°— 120° 

Pell»‘tier  and 

' ] products  j 

85*80 

13-30 

120°— 130° 

• 

Walter. 

85-50 

13-40 

1.10°— 150°  J 

These  results  di«l  not  advance  the  knowledge  of  the  constitution  of  petroleum  much 
beyond  the  point  where  it  was  left  by  Unverdorben  in  1829,  viz.  that  it  wa.s  a 
varying  mixture  of  hydrocarbon-eompounds  with  pitchy  or  asphaltic  substances  dis- 
solved in  it  to  a greater  or  less  extent,  and  elementary  analysis  was  of  little  utility 
until  some  means  had  been  found  of  separating  the  individual  constituents  more  com- 
pletely. (Schweigger’s  Journ.  ix.  29.) 

In  1857  De  la  Rue  and  MUller  published  the  results  of  their  examination  of 
Rangoon  petroleum,  showing  that  it  contained  hydrocnrl>ons  of  the  benmie  and  olefine 
series,  but  consisted  chiefly  of  compounds  which  were  not  acted  upon  by  concent  iwted 
nitric  or  sulphuric  acids.  (Proc.  I^v.  Soc.  vin.  221.) 

Eisenstuck  examined  the  petroleum  of  Sehnde  (Hanover)  in  1858,  and  came  to 
the  conclusion  that  the  oil  obtained  by  distilling  the  crude  petroleum  with  steam 
Sind  boiling  below  180°,  consisted  of  a mixture  of  polymeric  hydrocarbons 
liomologous  with  ethylene,  together  with  petrol  C*H**  (Ann.  Ch.  Pharm.  cxiii.  151.) 

According  to  Uelsma  n,on  the  other  hand,  the  pixxlucts  obtained  by  Eisenstuck  from 
this  petroleum,  and  boiling  between  135°  and  145°,  correspond  with  the  formula 
C*H“"**.  (Ann.  Ch.  Pharm.  cxiv.  279.) 

Freund  and  Pebal  examined  Galician  petroleum  and  came  to  the  conclusion  that 
it  contains  substance.s  belonging  to  at  least  three  different  series,  vix.  homologues  of 
ethylene,  which  are  not  acted  upon  by  concentrated  sulphuric  acid  at  the  ordinary  tem- 
perature, homologueaof  benzene,  and  homologues  of  phenol.  (Ann.  Ch.  Pharm.  cxv.  19.) 

The  most  important  investigation  of  petroleum  is  that  recently  made  by  Pelouze 
and  Cahours  (Coropt.  rend.  Hv.  124,  Ivi.  605,  Ivii,  62).  They  o|>erated  upon  the 
petroleum  which  has  been  brought  in  largo  quantity  from  Pennsyh*ania  during  the 
Inst  few  years,  and  succeeded  in  obtaining  from  it  twelve  distinct  liquid  hydro- 
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cnrV>0DS,  which  they  consider  to  be  homologuca  of  marsh-gas  (Htpridbs,  Hi,  181), 
besides  the  solid  hydrocarbons  known  tinder  the  name  of  paraffin  (p.  342). 

Ronalds  has  also  shown  that  this  petroleum  probably  contains  the  lower  members 
of  this  serit'St  corresponding  to  ethyl  aiul  trityl,  and  gaseous  at  ordinary  temperatures 
(Chem.  Soc.  J.  xviii.  529).  Scborlemmer  has  state<i  that  it  also  contains  snudl 
quantities  of  benzene  and  its  homologuos,  but  these  substances  were  not  found  by 
Pelouze  and  Cahours. 

Th<!se  results  show  that  American  petroleum  consists  chiefly  of  homologuos  of  marsh- 
gas,  and  those  which  have  been  isolated  present  the  following  characters 


Formula. 

Specific  fravitj. 

Bolling  point. 

V*|iour-dpniitf 

Authority. 

C*H* 

gas<‘OU.s 

C*H* 

gaseous 

Ronalds. 

C‘H'» 

0-600  at  0° 

0® 

4° 

2-110 

C*H'* 

0-6-28 

30° 

2*638 

C‘H» 

0 069 

68° 

3-050 

C"H» 

0*699 

92° 

94° 

3 616 

C*H'* 

0*726 

110° 

118° 

4*009 

C*ll“ 

0-741 

136° 

138° 

4 541 

Pelouze 

C'»H“ 

0-767 

160° 

162° 

6-040 

and 

C"H“ 

0-766 

180° 

184° 

6-468 

Cahours. 

C>H“ 

0-776 

196° 

200° 

6-972 

C>H“ 

0-792 

216° 

218° 

6-569 

C"H“ 

, , 

236° 

240° 

7-019 

1 1 

C'*H” 

• • 

256° 

260° 

7-623 

i 

American  petroleum  contains,  besides  these  substances,  other  oils  of  much  higher 
boiling  jK>int  and  of  a sp<‘cific  gravity  as  high  us  0*870;  other  kinds  of  petroleum  also 
contain  oils  of  still  greater  density,  sometimes  considerably  above  0*900,  but  it  has  not 
yet  been  ascertained  whether  these  are  homologues  of  marsh  gas.  It  is  probable  also 
that  most  kinds  of  petroleum  contain  olefines  to  some  extent,  or  at  least  analogous  oils 
which  combine  with  concentrated  sulphuric  acid  ; but  in  most  instances  the  homologues 
of  marsh  gas  appear  to  constitute  the  chief  bulk  of  petroleum. 

The  similarity  existing  l>etween  petroleum  and  the  oily  tar  obtained  by  destrnctivo 
distillation  at  temperatures  below  full  red  heat,  as  regard  the  chemical  nature  of  the 
substances  containml  in  these  products,  n*nder  it  highly  probable  that  petroleum  has 
been  formed  by  the  decomposition  of  vegetal  and  animal  remains,  and  that  its  origin 
is  in  some  way  connected  with  the  formation  of  coal  and  other  bituminous  minerals 
from  similar  materials ; but  it  is  not  evident  what  may  have  bt*en  the  precise  mode  in 
wliich  this  change  has  taken  place.  The  opinion  w'hich  has  generally  been  entertained 
ns  to  the  origin  of  petroleum,  is  that  it  has  been  formed  by  the  action  of  heat  upon 
coal  beds  situ-ated  beneath  the  earth’s  surface,  that  is  to  say,  by  a process  of  ctirbonisa- 
tion  or  destructive  distillation.  The  long  recognised  and  obvious  analogy  between 
the  various  kinds  of  petroleum  and  the  oily  products  resulting  fn>m  the  action  of  heat 
upon  vegt'tal  and  animal  substaiuvs  has  hitherto  been  the  chief  ground  for  that  opinion, 
and  the  still  closer  resemblance  which  has  since  been  found  to  exist  between  certain  of 
these  ra.aterials  in  the  chemical  nature  of  their  constituents,  would  tend  to  increase  the 
probability  of  its  being  correct,  if  there  wore  not  other  facts  which  throw  some  doubt 
upon  the  formation  of  petroleum  from  coal  by  an  actual  process  of  deslnictivo  distilla- 
tion. Tlius  for  instance  anthracite,  which  from  its  lv»ing  the  kind  of  coal  containing 
the  smallest  amount  of  bituminous  or  volatilisable  substance,  would  be  most  likely  to 
be  the  residue  of  such  a proci*ss,  docs  not  present  any  indications  of  having  been 
exposed  to  such  a temperature  as  is  rtHipiisite  for  volatilising  petroleum  or  for  expelling 
the  bituminous  substance  from  other  kinds  of  coal. 

Keichcubach  was  induced  to  consider  this  subject  from  its  connection  with  his  study 
of  the  general  phenomena  of  destructive  distillation.  The  petroleum  he  examined  did 
not  contaiu  paraffin,  and  observing  some  other  differences  between  the  oily  tar  he 
obtained  by  carbonising  coal,  and  the  specimens  of  petroleum  he  had  examined,  he 
concluded  tliat  there  was  an  essential  difference  between  these  substances.  Referring 
also  to  the  fact  that  petroleum  bad  never  been  met  with  where  coal  beds  were  subjected 
to  the  action  of  heat  by  underground  combustion,  he  w:is  led  to  doubt  whether  true  pe- 
troleum originated  in  this  way  from  the  decomposition  of  coal.  In  the  year  1833  he 
found  that  by  distilling  coal  with  water,  an  oily  liquid  was  obtainable,  to  the  extent  of 
about  P*'^rt  of  the  coal,  which  was  clear,  tmD.sparont,  greenish-yellow,  of  specific 

gravity  0*836  and  boiled  at  107®,  thus  presenting  great  resemblance  in  these  respects 
VoL.  IV.  C 0 
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to  the  potroleum  of  Miano  and  of  Persia,  while  at  the  same  time  it  smelt  like  turpen- 
tine oil.  Arguing  from  the  amumed  identity  of  petroleum  and  the  oil  thus  ohUinetl 
from  cottl,  without  decomposition  ns  he  HUppoeed,  tc>g«  ther  with  the  equally  eiron^Miua 
assumption  of  an  essential  dissimilarity  Is  tween  p<‘troleum  and  the  oily  tar  oh(aine<l  by 
carbonising  coal,  he  came  to  the  conclusion  that  the  commonly  rec«»ireil  opinion  as 
the  origin  of  petroleum  was  erroneous,  and  was  ilisposed  to  regard  it,  not  as  a product 
of  the  decomposition  of  coal,  !>ut  as  an  actual  constituent  of  coal,  and  iu  fact  ns  being 
probably  the  turpentine  oil  of  prima-Tal  pine  fort.-sts.  Hence  he  inferred  that  coal 
could  not  hare  been  expo»i*d  to  a temps-raturc  at  all  af»proaching  that  n'quisite  for 
carbonisation,  but  that  the  |xtroleum  it  contained  was  exp«  lletl  merely  by  the  action  of 
such  a m(.Mlcrate  ht^ut  as  might  prevail  at  no  great  depth  b«  low  the  surface.  {Schwn'ff. 
Jour.  ix.  19.) 

The  discovery  of  paraffin  and  enpione  in  the  petroleum  of  Rangoon  showed  that,  so 
far  as  these  could  be  n garded  as  being  excluHivi-ly  products  of  destructive  distillation, 
Keichenbach’s  conclusion  did  not  apply  to  all  kinds  of  petroleum.  Uence  Gregory 
and  Kolx‘ll  adopti-d  the  opinion  that  petroleum  containing  these  substances  was  at 
least  a product  of  dt^structive  distillation. 

It  has  also  been  suggested  somewhat  vaguely  that  petroleum  may  have  been  formed 
by  the  combination  of  carbon  vith  hydrogen  at  considerable  deptlis  below  the  earth’s 
surface  under  the  influence  of  volcanic  heat  and  great  pressure  (virlet,  JiiJUtin  dr  la 
Soc.  gkitl.'w.  ^03  ; V’erneuil,  ibid.  [2]  i.  800;  Lecoq.  Lrt  Eaux  miH^ralescongidrrles 
dans  Icura  Jlapjxrrts  atw  la  Chi/nir  rt  la  Gkdogity  143  tt  srq.\  It  is  possible  that  by 
tho  reaction  of  water  and  carlK)naceons  substances  under  certain  conditions,  hydrocar- 
bons might  be  forrae<l,  and  Bert  helot’s  synthetic  production  of  hydrocarljons 
Tend,  xiiii.  206)  renders  it  probable  that  petroleum  may  in  some  instances  have 
originated  in  a similar  manner,  though  the  precise  naturt'  of  such  modi-s  of  formation 
is  not  yet  known,  B.  H.  I*. 

PBTS108Z&ZUL  or  Adinoile. — Compact  impure  felspar,  like  the  base  of  porphyry. 
It  differs  from  jasper,  which  it  often  resembles,  in  being  fusible  before  the  blowpip**. 
Sjjecific  gravity  2 60  to  2'66.  (Dana.) 

Pfil'UW  TZB.  {Vch-tun-tsc.'S — A felspathic  rock  consisting  largely  of  quartz,  usod 
in  Chiua  to  mix  with  kaolin  for  tnn  manufacture  of  porcelaiu. 

PfiTZrrxU  Telluric  silver.  (See  TRU.URrui*.) 

PBtTCSDAZmr.  Jmp^atorin,  C'“H'*OV  (Hch  1 at  ter,  Ann.  Ch.  Pharm.  v.  205. 
— Ddbereiner,  ibid,  xxviii.  288. — Erdmann,  J.  pr.  Cbem.  xvi.  42.— Bothe,  ibid. 
xlvi.  371. — Wagner,  ibid.  Ixii.  275;  N.  Jahrb.  Pharm.  ji.  83;  xiv.  16  ) — A neutnil 
substance  contained  in  the  root  of  masterwort  (/wpcru/on’/i  Ostruthium  L.,  Veucedanum 
Ostruthium^  Koch^iMid  of  other  umbclliferons  plants  of  tho  p«‘UCtMlaneous  tribe.  It  is 
prepared  by  exhausting  the  root  of  masterwort  with  boiling  alcxjhol,  evji|>orutiDg  the 
extract,  wsishing  the  r«wdue  with  water  and  with  alcohol,  and  crystallising  it  fnim 
ether,  which  leaves  undissolved  a resinous  substance  wherewith  the  pt^ucedanin  is 
eontaminati^. 

Pi  uceclanin  crystallisos  in  light,  transparent,  colourless,  shining  prisms,  grouped  in 
tufts.  It  melts  at  76®  without  loss  of  weight,  and  concretes  again  but  slowly,  yield- 
ing at  first  a transparent  syrup  which  then  solidifies  to  a waxy  mass.  It  does  not 
dissolve  in  watrr^  either  hot  or  cold;  it  is  sparingly  soluble  in  cold,  more  soluble  in  boil- 
ing n/coW;  the  solution  has  a ix>rsistently  acrid  taste,  and  does  not  act  on  vegetable 
colours.  Pcucedanin  is  verv  soluble  in  r/Acr,  and  in  oils  both  fix«-d  and  volatile. 

Peucedanin  gives  by  analysis  from  69*6  to  71*1  per  cent,  carlxm  and  6*8  to  6 6 hy 
drogen.  agr»H‘ing  nearly  with  the  formula  which  requires  70*6  |>ercent.  carbon, 

69  hydr>gen  and  25*6  oxygen.  This  formula  is  confirmed  by  tho  reaction  of  peucedanin 
writh  potash,  when'by  it  is  resolved  into  angelic  acid  and  on*oselin  (p.  216) : 

C'HP'O*  + H*0  = C*H‘0»  + C'n*OV 

Peucedanin.  Ansellc  Ore<»ip1in. 

acid. 

Peucedanin  is  insoluble  in  acids,  and  is  not  acted  upon  at  ordinary  temperatures  by 
sidphuric,  hydrochloric  or  acetic  acid.  Strong  nitric  acid  dissolves  it  with  aid  of  heat, 
converting  it  either  into  nitropoucedanin  or  into  oxypicric  and  oxalic  acids.  It  de- 
composed by  chUa^ine  and  iodine.  The  alcoholic  solution  is  precipitated  by  certain 
metallic  saltSy  the  acetates  of  lead  and  copp  r for  example. 

liitropeuced anin,  C'*H‘'(NO*)CP  (nothe,  loc.  «’f.),  is  produced  by  heating 
peucedanin  to  60®  with  nitric  acid  of  specific  gravity  1*21.  The  resulting  yellow 
solution  solidifies  on  cooling  to  a ciy'stullised  mass  which  may  be  purified  by  ciy'stal- 
lisation  from  alcohol.  Nitropeucedanin  forms  colourless  scales  moderately  soluble  in 
alcohol  and  ether,  nearly  insoluble  in  water.  It  melts  and  decomposes  at  100®.  When 
heated  to  100®  in  dry  ammonia  gas,  or  troated  with  ammonia  and  alcohol,  it  is  converted 
into  uitropeucedamide  (probably  C'*IP’N*0*  » + NH*  — U*U), 
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which  crystalhses  from  boiling  alcohol  in  Binning  rliomboidul  prisms  very  soluble  in  al- 
cohol and  ether,  insoluble  in  water,  and  decomposed  by  weak  acids  or  by  caustic  potash 
into  nitropoucedanin  and  ammonia. 

PBVCyX.  Syn.  with  Teukhilrnk. 

PRACO&XTB.  A variety  of  chabasito  from  Lei'pa  in  Bohemia  (i.  844). 

PRACOVZH.  An  albuminous  substance  constituting  the  inner  portion  of  the 
crystallini'  lens  of  the  eyes  of  fishes  (li.  615). 

PBJEORZrmr.  C'*H“0*? — A brown  resinous  substance  obtained  by  Sch loss- 
berger  and  Popping  (Ann.  Ch.  Pharm.  1.  207)  from  rhubarb-rcot.  To  prepare  it 
the  root  is  e.xbaust^  with  alcohol  of  60 — 80  per  ceuL;  the  era|iorated  extract  is  treated 
with  water  which  dissolves  only  part  of  it ; the  undissolved  portion,  alter  being  com- 
pletely drif'd  over  the  water-bath,  isdi.ssolvedin  the  smallest  {>ossible  quantity  of  alcohol 
of  80  pT  cent. ; the  solution  is  precipitated  by  ether,  and  the  precipitate  again  treated 
with  alcohol  of  80  per  cent.,  when  by  it  is  separated  into  insoluble  aporetin  (i.  352)  and 
a solution  which  when  evaporated  loaves  pbteorelin. 

Phieoretin  when  dried  and  pulverised  forms  a yellowish-brown  powder,  having  no 
taste  of  rhubarb,  very  slightly  soluble  in  water,  easily  in  ali'uhol  and  in  alkalis,  from  which 
latter  solutions  it  is  precipitated  with  yellow  colour  by  most  mineral  acids ; it  dissolves 
however  in  acetic  and  in  concentrated  sulphuric  acid.  Its  compounds  with  the  alkalis 
have  a deep  red-brown  colour.  When  liealcd  on  platinum-foil  it  melts,  giving  off 
yellow  vapours  having  a faint  odour  of  rhubarb,  and  bums  away  without  leaving  a 
trace  of  ash.  The  solution  of  pbieor<‘tin  in  ammonia  forms  with  aci.tate  of  lead  a violet- 
red  precipitato  which  appears  to  decompe^  during  washing. 

PBJBOSZV  or  PBSOBZC  ACZ3>.  A constituent  of  the  pericarp  of  bay-berries 
(iii.  477). 

PBAKMACOCA&CZTB.  Syn,  with  Olivsnitk. 

PBABKACOBZTB.  Native  calcic  arsenate,  occurring  sometimes  in  distinct  mono- 
clinic prisms,  but  more  frequently  in  delicate  silky  fibres,  acicular  crystallisations  or 
stellate  groups ; also  botryoi'dal  and  stalactitic,  sometimes  massive.  Hardness  = 
2 — 2‘6.  Specific  gravity  2*64 — 273.  It  has  a vitreous  lustre,  white  or  greyish 

colour,  sometimes  tinged  with  red  from  admixture  of  arsenate  of  cobalt;  streak  white. 
Translucent  to  opaoue.  Fracture  uneven.  Thin  laminae  flexible.  It  is  insoluble  in 
water,  but  easily  soluble  in  acids. 

Analyses. — a.  From  Wettichen  in  the  Black  Forest  (Klaproth,  Beitr'dgt,  iii.  277). 
—5.  From  Andreasberg  in  the  Harz  (John.  Chem.  VnUrs.  ii  221). Locality  un- 
known (Turner,  Fogg-  Ann.  v.  188). — d.  From  Glucksbrunn  in  the  Thuringerwald 
(Rammelsberg,  ibid.  Ixii.  150). 


Arsenic  anhydride 

50*64 

b. 

45-68) 

e. 

79-01 

d. 

(51-68 

Lime  . . . . . 

2500 

27-28j 

123-59 

Cobaltic  and  ferric  oxides 

1-43 

Water  . . . . . 

24-46 

23-86 

20-99 

23-40 

100  00 

96-82 

lOUOO 

100-00 

These  analyses  lead  to  the  formula  2Cu''0.As*0*.6H*0  (calc.  6T16  As*0*.  24  87  Ca"0 
and  23  97  water),  or  2Cu"HAs0\5H*0.  The  cobalt  in  the  last  is  probably  due  to 
admixture  of  cobalt-bloom. 

Pharmacolite  is  also  found  at  St.  Marie  aux  Mines  in  the  Vosges,  at  Kiechelsdorf 
and  Bicber  in  Hessia.  and  at  Joachimstbal  in  Bohemia ; it  occurs  in  association  with 
arsenical  ores  of  col^lt  and  silver. 

PicropkarmacQlite  from  Kiechelsdorf  containing  46'97  per  cent.  Aa*0*,  24  65  lime, 
3'22  magnesia,  100  cobalt-oxide,  and  23’98  water,  is  probably  pharmacolite  having  the 
lime  partly  replaced  by  magnesia. 

»»*»»***^«»^^«»**»*^  Syn.  with  Ccbb-ore  (ii.  171). 

PBASEOXiVS.  Se4!  Bexx  (i  524). 

PBASBOMAJnrZTB.  See  IxosiTB  (iii.  274). 

PBBABAirT.  In  the  egg-sholl  of  Phasianus  colchicus,  B.  Wicke  (Ann.  Ch. 
Pharm.  exxv.  78)  found  93*33  per  cent,  carbonate  of  calcium,  0 66  phosphate  of  mag- 
nesium, 1*37  phosphates,  and  4*64  organic  matter. 

PBBBACZTB  or  PB£BABZTB«  A silicate  of  glucinum,  occurring  with  em- 
erald in  Perm,  Ilmen  Mountains,  and  with  quartz  at  Framont  in  Alsace,  in  rhombo- 
hedrol  crystals  with  scalenohedral  and  prismatic  faces.  K : R m 116^  40* ; oR  : K 
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» 142^  41';  length  of  principal  axis  ss  0*66.  ' Cleavage  imperfect  parallel  to  R and 
ocR2.  Twinn  alw  occur,  Trith  face  of  composition  parallel  to  ®R.  Ilanlness  = 8. 
Specific  gravity  2 909.  The  crystals  are  transparent  to  opaque,  colourless,  or  of 
bright  wine-yellow  colour  inclining  to  red,  and  with  ritreous  lustre.  Fracture  similar 
to  that  of  quartz.  Infusible  per  se  before  the  blow-pipe ; forms  colourless  glasses 
with  fluxes;  melts  to  a milk-white  bead  with  a small  quantity  of  sodic  carbonate, 
forms  a tumefied  infusible  muss  with  a latter  quantity.  Not  attacked  by  acids.  A 
specimen  from  the  Ilmen  Mountains  was  found  by  llartwall  (Fogg.  Ann.  xxxi.  57) 
to  contain  55*14  silica  and  44*47  glucina  (=  99  61 ; a specimen  from  Alsace  analyseil 
byBischof  {ibid,  xxxiv.  525),  gave  54*40  silica,  45*57  glucina,  and  0 09  lime  and 

magnesia — results  agreeing  nearly  with  the  formula  2BeK)’.3SiO*  or  20"0.Si0*  » 
G*5iO*  (see  GLtcufrM,  il  849),  which  rc-quires  53*96  silica,  and  46*04  glucina. 

PBElVAMEnrE.  A name  given  to  aniline-riolet  by  Schourer-Kestner 
(Jahresb.  1860,  p.  728).  who  regards  it  as  related  to  aniline  in  the  same  manner  as 
nuphthameine  (oxynaphthylamine)  to  nnphthylamine. 

PHEBAKY&OXi.  Phenatk  or  PHEXTUiTE  OF  Amyi..  (SecPiiixoL,  p.  391.) 

PBEKTATEB.  See  Phenyl,  Htdbate  of. 

PBEBETOXi.  PRENATE  OF  EtHYL. 

PBEBOXTE.  8yn.  with  Muscovite. 

PBEBXC  ACn>.  See  PuENoL. 

PBSXSrxcxxVE«  A colouring  matter  produced  by  the  action  of  nitro8ul^)huric  acid 
(a  mixture  of  strong  nitric  and  sulphuric  acids)  on  phenylic  alcohol.  Ihe  acid  is 
add«*d  in  successive  portions  to  crystallisid  plienylic  alcohol,  tin*  mixtur<*  being  cooled 
after  each  addition,  as  long  as  red  vapours  continue  to  escape.  The  acid  liquor  is  th<*n 
poured  into  a large  quantity  of  water,  and  the  resulting  precipitate  is  washed  with 
water  and  dried. 

Pbenicine  is  a brow*n  amorphous  powder,  sparingly  soluble  in  water,  easily  solublo 
in  alcohol,  ether  and  acetic  acid.  Alkalis  likewise  dissolve  it  easily,  imparting  a fine 
violet-bluc  colour,  which  however  is  chung(*d  to  brown  by  the  least  excess  of  acid.  It 
dissolves  also  in  lime-water.  It  melts  ainl  turns  black  at  a moiienite  heat.  It  is  a 
mixture  of  two  colourinp;  matters,  one  yellow,  the  other  black,  both  of  which  however 
poasess  the  same  tinctorial  properti^. 

Phenicine,  like  the  aniline  colours,  dyes  silk  and  wool  without  the  intervention  of  a 
mordant.  A piece  of  silk  or  wool  dyed  with  phenieinc  acquires  a fine  garnet-rcHl 
colour  on  immersion  in  u solution  of  chromate  of  potassium,  or  better,  of  chromate  of 
copper  acidulated  with  sulphuric  acid.  Nitrate  of  copper  produces  the  same  effect  but 
with  less  intensity.  Cotton  mordanted  with  stanuate  of  soda  or  with  tannin  easily 
absorbs  phenicine,  and  acquin's  a deep  purple  colour  on  subs^'quent  immersion  in  hot 
potussie  chromate;  but  the  colour  is  changed  to  blue  by  alkalis,  and  easily  destroyed 
by  soap. 

Strong  nitric  acid  converts  phenicine  into  a resinous  paste  which  diss<»lve8  in  am- 
monia, forming  a brown  solution  which  dyes  silk  and  wool  somewhat  like  archil. 
(E.  Dolfus,  Bull.  Soc.  Chim.  1865,  i.  226.) 

PBEBOXC  ACX]>.  C*H'0*. — An  acid  isomeric  with  eollinic  acid  (i.  1083),  pro- 
duceil  by  heating  a solution  of  benzene  in  a slight  excess  of  fuming  sulphuric  acid  to  100®, 
then  diluting  with  water,  and  gnulually  adding  small  pieces  of  acid  potassic  chromate. 
The  distillate  contains  phenoic  acid,  partly  dissolved,  partly  floating  its  an  oil,  aiul  in 
crystals.  It  is  distinguish«d  from  colIinic  acid  by  its  grrater  solubility  lu  hot  water. 
Its  silver-saU  contaius  C*H*AgO’.  (Church,  Chem.  Soc.  J.  xiv.  52.) 

An  acid  of  the  same  conq>osition  and  doubtUss  identical  with  the  preceding  is 
obtainwl  by  distilling  coal-tar  (containing  toluene,  xylene  and  pseudocumene)  with 
dilute  nitric  acid.  This  acid  melts  at  about  GO®,  but  occasionally  rj'mnins  liquid  at 
ordinary  temperatures,  esj>eeially  when  not  quite  pure.  It  has  an  acrid  taste,  is  heavier 
than  water,  mixes  in  all  proportions  with  alcohol,  is  only  sliglitly  soluble  in  cold  water, 
mon>  soluble  in  boiling  water.  From  a gatunittnl  hot  solution  it  separates  while  cooling 
as  a heavy  oil  which  sometimes  solidifies  immediatelj*.  It  is  slightly  volatile,  covering 
itself  with  beautiful  crystallisations  even  at  or*linary  temperatures.  * When  boiled  with 
water,  it  volatilis<*8  to  a considerable  extent.  It  can  be  distilled  jwr  »e  without  decom- 
poHitioD,  and  forms  well  crystallised  salts  with  the  alkalis.  (De  Ba  Rue  and  Muller 
Chem.  Soc,  J.  xiv.  54.)  * 

^'itroph^oic  acid,  Cn"(NO’)0*  is  produced  by  oxidising  nitrobenzene  with  sulphuric 
acid  and  potassic  chromate.  It  crystallises  in  nacreous  lamin;e,  has  a strong  acid  reaction 
melts  without  decomposition,  disMolves  in  boiling  water,  and  yields  crystollisublc  salt8* 
(Church.) 
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PBSiroXi.  C*II*0  ™ J£  Hydrate  of  Phenyl.  Phaiylic  alcohol.  Phcnic 

acid.  Carbolic  acid.  Cital-tarcrcfm.de.  (Runge,  Pogg.  Ann.  xxx\.  69;  xxxii.  308.— 
Laurent,  Ann.  CIl  Phys. [3]  iii.  195. — Williamson  ami Scru^ham. Chom.  Soc.  J. 
\*ii.  232). — This  compound  is  contained  in  considerable  quantity  m c<ml-tar  (Runge, 
Laurent),  and  is  pnxluced  by  the  dry  distillation  of  salicylic  acid,  either  alone  or  in 
contact  with  caustic  lime  or  baryta  (Gerhurdt,  Rev.  aciont.  x.  210): 

C^H*0>  = miH)  + CO» 

It  is  also  formed  in  the  dry  distillation  of  gum-benzoin  (E.  Kopp),  of  the  resin  of 
Xanthorrhifa  kantilis,  of  quinic  acid  (Wohler),  of  chromate  of  pelosine  (Rddeker, 
p.  372),  and  is  found  in  small  quantity  among  the  piwlucts  obtained  by  passing  the 
vapour  of  alcohol  or  acetic  acid  through  a rod-hot  tube  (Berthelot).  It  is  to  phenol 
that  castort-um  owes  its  peculiar  odour  (Wohler).  The  urine  of  the  cow,  of  the  horse, 
and  of  man  contain  sensible  qumitities  of  phenol  (StUdoler,  Ann.  Ch.  Plmnn.  Ixvii, 
360;  Ixxvii.  17).  Commercial  creosote  often  consists  almost  entirely  of  phenol,  but  the 
true  creosote,  obtained  by  the  distillation  of  wood,is  a totally  different  substance  (ii.  103). 

Prc2>aration.  1.  From  Coal-tar. — Tlie  tar  is  distilled  till  anthracene  begins  to  pstsa 
over;  the  rt*snlting  oil  is  rectified,  collecting  apart  the  portion  which  distils  over 
between  150®  and  200®  ; this  portion  is  mixed  with  saturated  ix)taish-ley  and  pulverised 
hydrate  of  potassium,  whereby  it  is  immediately  convert<?d  into  a white  crystalline  magma ; 
this  substance  is  dissolved  in  hot  water ; the  oil  which  rises  to  the  surface  is  removed  ; 
the  lower  alkaline  liquid  is  neutralised  with  hydrochloric  acid  ; the  impure  hydrate  of 
phenyl,  which  rises  to  the  surface  a.s  an  oil,  is  washed  with  a bttle  water,  digested  over 
chloride  of  calcium,  rectifii.-d  several  times,  and  gnidually  cooled  to  —10®  in  a closed 
vessel ; and  the  resulting  crystals  of  pur»i  phenol  are  fretd  from  the  remaining 
fluid  portion  by  inverting  the  bottle  over  another,  care  being  taken  to  exclude 
the  air,  which  might  give  up  water  to  the  crjstals  (Laureut).  The  tedious 
fractional  distillations  evolved  in  this  process  may  bo  considerably  abridged  by  intro- 
ducing into  the  portions  which  boil  between  186®  and  188®,  a few  crystals  of  pure 
phenol ; a large  portion  of  the  liquid  then  solidities  after  a while  in  colourless 
needles,  which,  when  separated  from  the  liquid,  distil  at  184®  and  yield  a sublimate  of 
pure  phenol.  (Williamson  and  Scrugham.) 

Gladstone  (Chem.  News,  ii.  98)  r«'Comraends  placing  good  commercial  carbolic  acid 
for  some  days  in  contact  with  a lump  of  chloride  of  calcium  and  then  leaving  the  phenol 
to  crystallise  out  in  a freezing  mixture.  He  is  of  opinion  that  the  cresol  or  cresylic 
alcohol  likewise  present  in  crude  carbolic  acid  is  converted  into  phenol  by  contact  with 
chloride  of  calcium  or  chloritle  of  zinc. 

2.  From  Salicylic  acid. — Crj'stalliscd  salicylic  acid  is  strongly  and  quickly  heated  in 
a glass  retort  either  alone  or  mixed  writh  pounded  gloss  or  quicklime.  Phenol  then 
passes  into  the  receiver  and  ciystulliscs  on  cooling  almost  to  the  lost  drop.  The  phenol 
thus  obtained  appears  however  to  differ  in  some  of  its  properties  from  that  obtained 
from  coal-tar,  inasmuch  as  it  crystallises  more  readily  and  reacts  somewhat  differently 
with  pentachloride  of  phosphorus  (p.  390). 

Propcrtice. — Phenol  crystallises  at  ordinary  temperatures  in  long  colourless  needles 
appjireully  belonging  to  the  trimetric  system,  and  biving  a specific  gravity  of  1 065  at 
IS-*  (Laurent),  1 0627  (Scrugham).  It  melts  at  34® — ^35®,  and  boils  at  187® — 188® 
(Laurent);  184®  (Scrugham).  The  crystals  of  phenol  obtained  from  coal-tar 
deliquesce  easily  to  an  oil  by  taking  up  a mere  trace  of  water  (Laurent);  a lump  of 
chloride  of  calcium  causes  the  oil  to  solidify  immediately  (Gerhardt).  Phenol  jiro- 
duced  by  decomposition  of  salicylic  acid  is  much  less  deliquescent  than  that  obtained 
from  coal-tir  (Watts).  Phenol  does  not  redden  litmus.  It  smells  like  wood-tar 
crusote,  and  attacks  the  skin  like  that  substance.  Its  aqueous  solution  coagulutca 
albumen ; it  unites  with  certain  animal  substances  and  preserves  them  from  decomjxi- 
sition,  even  removing  the  fetid  odour  from  meat  and  other  substances  already  in  astute 
of  decomposition.  I*  ish  and  leeches  die  when  immersed  in  the  aqueous  solution,  and 
their  bodies  subsequently  dry  up  on  exposure  to  the  air,  without  putre^'i^^K- 

Phenol  is  but  sparingly  soluble  in  tcater^  but  dissolves  in  all  proportions  in  alcohol, 
ether  and  strong  acetic  acid.  When  shaken  up  with  ^ pt.  of  water  an<l  exposed  to  a 
tempemture  of  4®,  it  takes  up  water  and  forms  a hydrate  2C*ll‘O.H*0,  which 
crystaliises  n^adily  in  large  six-sided  prisms  belonging  to  the  trimetric  system,  and 
melting  at  16®.  (Calvert,  Chem.  Soc.  J.  xviii.  66.) 

Phenol  may  be  distilled  without  alteration  over  melted  phosphoric  acid,  also  over 
caustic  potash,  baryta,  or  lime. 

Dccom^ntionn. — 1.  Phenol  passed  through  a red-hot  tube  undergoes  very  little  de- 
composition, rfelding  however  a small  quantity  of  naphthalene  (Hofmann).— 
2.  Strong  sulphuric  acid  dissolves  it  with  great  rise  of  temperature,  but  without  colora- 
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tioD,  fortningph  CDjl'iulphiiric  acid.  It  reduces  mercuric  oxide  attho  bcalingheat, 
separates  metallic  silver  from  the  nitmte,  and  rtilucea  peroxide  of  lead  to  protoxide. 
Heated  with  arsenic  onW,  it  forms  a yellow  subst^ice  called  xanthophenic  acid. 
(F.  Fol,  K^p.  Chim.  app.  iv.  179.) 

3.  Strong  nitric  acid  attacks  phenol  with  great  violence,  each  drop  as  it  comes  in 
contact  with  the  phenol,  hissing  like  red-hot  iron  plunged  into  water:  the  product  formed 
at  the  boiling  heat  Utrinitrophenic  or  picric  acid,  C*H*(N0’)*0 ; a less  energetic 
reaction  produces  mono-  or  di-nit  rophenic  acid  (p.  393). 

5.  Chlorine  and  bromine  Likewise  act  upon  phenol,  forming  substitution-products 
poiwessing  acid  characters  (pp.  391,  392). 

6.  When  chlorine  is  pas^  into  phenol  which  is  kept  cool;  and  the  product  treated 
with  three  times  its  weight  of  strong  nitric  acid,  dinitrocblorophenic  acid, 
C*H'C1(N0*)='0,  is  produced.  (Oriess,  Ann.  Ch.  Phurm.  cix.  286.) 

7.  Phenol  is  scarcely,  if  at  all,  attacked  by  iodine,  but  with  chloride  of  updine  it  forms 
mono-  and  di-iodophenic  acids,  (tichuteenberger  and  Sengonwald,  CompL 
rend.  liv.  197). 

8.  Chloride  of  thionyl,  SOCP,  acts  stroDgW  on  phenol  dissolved  in  ether,  eliminating 
considerable  quantities  of  hydrochloric  and  sulphurous  adds,  but  dot's  not  appear  to 
form  any  phenylic  sulphate. 

9.  A mixture  of  hydrochloric  acid  and  potassic  chlorate  converts  phenol,  first  into 
trichlorophenic  arid,  and  sul>sequently  into  perchloroquiuonc  or  ebloranil, 
C*C1‘0*.  (8ee  QriNONB,  Derivatives  or.) 

10.  Ptntachloride  of  phosphorus  converts  phenol  into  chloride  and  phosphate 
of  phenyl  With  phenol  nom  coal-tar  the  products  are  chloride  of  phenyl  and  tri- 
phenylic  phosphate  (Williamson  and  Sc  rug  bam),  perhaps  thus  : 

5(.C«H*.H.O)  + 2PCP  - 20H*Cl  + P(C«H*)»0‘  + PCPO  + 6HCI; 
but  with  phenol  from  salicylic  add,  an  acid  phosphate  is  obtained,  which  forms  salta 
with  metric  bases,  and  probably  consists  of  diphenylic  phosphate : 

6(C-U*H.O)  + 2PC1‘  - SC-HH:!  + P(C‘H')*HO‘  + Pa'O  + mcl. 

This  acid  phosphate  crystallises  much  more  easilythan  the  neutral  tripbenylic  phosphata 
(H.  Watts,  unpuhlished  experiments).  See  Phosphoric  £thrb.h. 

11.  With  chloride  of  benzoyl,  phenol  forms  phenylic  benzoate,  C’H\CJ*H*)0* 
(i.  653). 

12.  Cyanic  acid  vapour  passed  into  perfectly  dry  phenol  converts  it  into  allo- 
pbanato  of  phenyl,  C*H*(C*H*)N*0‘,  which  crystallises  from  hot  alcohol  in 
slender,  unctuous,  tasteless,  inodorous  crystals,  insoluble  in  cold  water,  resolved  at  150® 
into  phenol  and  cyanuricacid,  and  converted  b}  alcoholic  potash  into  allophanate  of  potas- 
sium, by  baryta-water  into  allophanate  of  barium.  (Tuttle,  Jabresb.  1857,  p.  451.) 

13.  Phenol  dcH's  not  dissolve  in  aqueous  but  it  absorbs  ammonia  gus,  and  the 

solution  when  heated  in  a sealed  tul>e  is  partly  converted  into  water  and  an i lino: 

C*n*0  -t-  =.  H*0  + C*H»N. 

14.  Phenol  is  attacked  by  potassium  or  sfxlium,  slowly  at  first,  more  quickly  when 
aided  by  a gentle  heat,  hyilpogen  being  evolved,  and  pbenate  of  potassium  or 
Bodi um  pixxluced.  (Laurent. J 

15.  ^Vhl•n  carbonic  anhydride  is  passed  into  pure  phenol  gently  warmed,  and  sodium 
is  added  by  small  portions,  bydr^en  is  evolved  and  salicylate  of  sodium  is 
formed.  The  reaction  is  the  converse  of  that  by  wbicli  phenol  is  produced  from 
salicylic  acid.  (Kolbe  and  Lautemann,  Jaliresb.  1859,  p.  309;  I860,  p.  291.) 

I’henatrs— 1.  Phenol  unites  with  the  stronger  bases,  but  the  com- 

|K>unds  are  very  unstable  and  difficult  to  obtain  in  definite  fonii.  Indeed  phenol  has, 
in  properties  as  well  as  in  composition,  the  character  of  an  alcohol  rather  than  that  of 
un  acid.  It  dissolves  in  caustic  potash,  but  the  quantity  dissolved  does  not  iucrt‘ase  in 
proportion  to  the  quantity  of  potash  present  (Calvert,  Chem.  Soc.  J.  xviiL  68);  it 
al.Mj  dissolves  carbonate  of  potassium,  but  witliouf  expelling  c‘arl>ouic  acid.  Phenol 
does  not  unite  with  the  acid  sulphites  of  the  alkali-nietnls,  and  therefore  dot's  not 
behave  like  an  aldehyde,  in  which  eliaractor  Gnuliu  is  inclined  to  regard  it  {Handbook, 
xi.  146). 

Phenate  of  potassium  is  produce^!,  as  already  observf*d,  by  heating  phenol  writh 
potassium ; also  by  direct  combination  of  solid  potash  with  phenol.  The  oily  liquid 
formed  in  either  case  deposits  tlio  pota»»ium-8alt  on  cooling  in  white  net'dles  very 
soluble  in  alcohol,  ether,  and  water,  and  decomixised  by  miner^  acids  with  separation 
of  phenol  (Laurent.) 

Pinnate  of  barium,  C*’H‘*Ba'*0*.3lPO,  is  obtaintnl  by  Iniiling  phenol  with  baryta- 
water  and  evaporating  in  vacuo,  as  a crystalline  crust  containing  42*48  per  cent,  baryta. 

Phenate  of  lead,  obtained  by  boiling  phenol  with  litharge  and  adding  a few  drops  of 
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alcohol  to  thfl  product,  is  a white  mass  containing,  according  to  Calvert,  C'*H**0*.2Pb"0 
or  C”H‘®Pb"0*.Pb"U*O*.  It  is  slightly  soluble  in  hot  alcohol,  and  scp<u«tes  on 
cooling.  With  basic  acetate  of  lead,  phenol  forms  precipitates  of  uncertain  composition. 
(Calvert.) 

2.  Alcoholic  Phenates.  Phenic  Ethers. — a.  Methylic  Pkenate  or  Anisol  has 
been  already  described  under  the  latter  name,  together  with  its  bromo-  and  nitro* 
derivatives,  and  the  buses  formed  by  the  action  of  reducing  agents  on  the  latter 
(L  304  —30G). 

Ethylic  Phenate,  Phenetol  or  Salithol,  C*H'®0  » C*H*(C*H*)0  (Cahours,  Ann. 
Ch.  Phys.  [3]  xxvii.  463. — Bely,  Ann.  Ch.  Phann.  Ixxiii.  208). — This  compound  is 
obtained  by  the  dry  distillation  of  perfectly  anhydrous  ethybsalicylate  of  bunum,  the 
oily  distillate  being  purified  by  washing  with  warm  alkaline  ley,  digesting  with  fused 
chloride  of  calcium,  and  rectification.  It  is  a colourless,  mobile  liquid,  lighter  than 
water,  having  an  agreeable  aromatic  odour,  insoluble  in  water,  very  soluble  in  alcohol 
and  ether,  boiling  at  172®.  It  is  not  altered  by  potash.  Sulphuric  acid  converts  it 
into  a sulpho-acid  forming  a soluble  banum-salt.  With  chlorine  and  bromine  it  forms 
ciystallisable  products.  It  is  strongly  attacked  by  fuming  nitric  acid,  the  products 
Taiy^ingin  composition  according  to  the  proportions  ust^l;  with  a small  quantity  of  the 
acid  a reddish-brown  oil  is  obtained,  probably  consisting  of  mononitrophenetol; 
but  on  boiling  ethylic  pheuate  with  an  excess  of  the  fuming  acid,  dinitrophenetol, 
C"H7N0’)*0,  is  obtained  (see  page  ). 

y.  Amylic  Pkenate  or  Phenamylol,  C’*H'*0  = C*H*(C‘H")0  (Cahours,  Compt. 
rend,  xxxii.  61).  Obtained  by  heating  amylic  iodide  with  potassic  phenate  to  100^— 
120®  in  a sealed  tube.  It  is  a limpid  colourless  oil,  lighter  than  water,  having  a 
pleasant  aromatic  odour,  and  boiling  between  224®  and  225®.  It  is  attacked  with  great 
violence  by  fuming  nitric  acid,  forming  a heavy  oil,  which,  when  treated  with  alcoholic 
sulphide  of  ammonium,  yields  a cryst^sed  base  (amyl-nitrophenidine,  or  nitro-phen- 
amylidine)  capable  of  forming  crystaUisablc  salts.  Phenamylul  dissolves  in  sulpuuric 
acid,  forming  a red  liquid,  which  gives  no  precipitate  witb  water,  but  forms  a crystal- 
Usable  barium-suit. 

PHBSrOX*,  SfiRTVATZVBS  OFi  One,  two,  or  three  of  the  hydrogen- 
atoms  in  phenol  may  be  replaced  by  bromine,  chlorine,  iodine,  or  nitryl,  forming 
compounds  which  have  more  and  more  of  an  acid  character  as  the  substitution  is  more 
complete. 

1.  Bromophcnol  or  Bromophcnic  Acids, 

Konobromoplienlo  aold.  C*H*BrO.  Bromophenasic  add  (Cahours,  Ann.  Cb. 
Phys.  [3]  zii.  102). — Obtained,  as  a colourless  oil,  by  distilling  bromosalicy Lie  acid 
with  a mixture  of  sand  and  carbonate  of  barium. 

Blbromoplienlo  aold.  C^H^BrH).  Bromophenrsic  acid. — Obtained  in  like 
manner  from  dibromosalicy lie  acid,  as  an  oil  which  ciy’stalUses  on  cooUng.  (Cahours, 
he.  dt.) 

Trtbromopbenlo  add.  C*H*Br*0.  Bromophtnisic  or  Bromindo^tic  add, 
(Laurent,  Ann.  Ch.  Phys,  [3]  iii.  211. — Erdmann,  J.  pr.  Chem.  xxii.  272.— 
Cahours,  loc.  d(.). — Pheuol  immersed  in  excess  of  bromine  becomes  strongly  heated, 
gives  off  hydrobromic  acid,  and  solidifies  ojx  cooling  to  a brown  mass,  which  must  be 
boiled  with  water  and  ammonia;  the  solution  subsequently  filtered  from  a small 
quantity  of  brown  matter,  and  decomposed  by  hydrochloric  acid;  and  the  thick  pre- 
cipitate of  tribromophcnic  acid  washed  on  a filter  (Laurent). — 2.  Tribromosalicylic 
acid,  distilled  two  or  three  times  with  fine  sand  and  a small  quantity  of  baryta,  ^so 
yields  tribromophenic  acid  (Cahours). — 3.  When  indigo  is  decomposed  by  bromine- 
water  and  the  product  sul>sequently  distilled  with  potash,  bromaniline  passes  over,  and 
tribromophenic  acid  remains  behind.  (Erdmann.) 

Tribromophenic  acid  crvstallises  by  ^sion  or  sublimation,  or  from  solution,  in  deli- 
cate white  needles,  or  nght  rhombic  prisms,  having  the  acute  lateral  edges  truncated. 
Angle  oDp  : ooP  = 128®;  «P  : »Poe  = H6®.  It  is  fusible,  crystallises  on  cooling,  and 
may  be  tlistillcd  without  decomposition ; smells  like  trichloronhenic  acid.  It  is  some- 
what less  soluble  in  alcohol  than  the  latter.  When  boiled  with  nitric  acid,  it  forms  at 
first  a reddish  resin,  which  gradually  disappe^ars,  and  on  evaporation,  crystals  of  picric 
acid  are  obtained. 

The  tribromophenates,  when  heated  to  redness,  generally  leave  a metallic 
bromide,  and  give  off  tribromophenic  acid  (?). 

The  ammonium-salt  crystallises  in  needles.  Ita  solution  forms  with  concentrated 
chloride  of  barium  or  chloride  of  strontium,  a precipitate  composed  of  needles ; with 
neutral  acetaU  of  lead,  a white  precipitate;  with  cupric  acetate,  a red-brown  precipi- 
tate. soluble  in  ^cohoL;  and  with  nitrate  of  sUver,  an  orange-yellow  precipitate. 

Substance  isomeric  icith  tribrofnophenic  acid. — A concentrated  aqueous  solution  of 
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hnlicylate  of  potassium,  mixed  with  n small  quantity  of  j»otjt«h,  and  then  with  a large 
quantity  of  bromine,  l>ecomes  hcat4“d  and  decolorised,  gives  otf  carbonic  anhydride,  and 
Koon  deposits  a kenncs-brown  substance,  which  i«  iuHolublc  in  water,  ammonia,  cold 
potash,  and  alcohol,  but  dissolves  with  extn*me  facility  in  ether;  it  contains,  after 
washing  and  drying,  2219  percent.  C,  71*8  Br,  and  0*88  H;  and,  when  heated,  gives 
off  wliite  vapours,  which  condense  into  dellftite  white  ueoillea  of  tribromophcnic  acid. 
(Cahours,  Ann.  Chim.  Phys.  [3]  xiii.  43.) 

2.  Chloropfu'noh  or  ChJorfyphenie  Acul^t. 

Otobloropbenlo  aol<l*  C'H^CPO.  DichhmcarhoHc  acid.  CMorophrnffic  acid. 
(Laurent,  Ann.  Ch.  Phys.  [2]  Ixiii.  27  ; [3]  iii.  210.) — This  acid  is  produced:  1.  By 
the  comparatively  feeble  action  of  chlorine  on  phenol. — 2.  By  distilling  dichlorixsalicylic 
acid  with  fine  sand  and  a small  quantity  of  lime  or  baryta.  It  may  be  prepared 
from  the  impure  phenol  which  piiSKCS  over  lx‘tween  170®  and  200®  in  the  reeiificatum 
of  coal-tar  naphtha.  For  this  puriHise  chlorine  is  passt*<l  through  tin-  yellowish  oily 
distillito  fora  day,  and  the  liquid,  coohil  to  — 10®,  is  strained  through  linen  to  sepiiralu 
the  naphthalene  which  has  ciystallist*d  out : chlorine  is  then  ag-ain  passed  for  two  days 
tlmmgli  the  liquid,  which  is  then  coole«l  to  0®,  decanted  from  ciystalliscNl  hydrochlorato 
of  dichloronaphtlialene,  and  distilled  (whereupon  it  fmths  up  considerably,  giving  off  a 
large  quantity  of  chlorine,  and  afierwarda  hviirochloric  acid)  till  the  thick  black  residue 
exhibits  considerable  intumescence  (tetraichloronaphthalene  then  subliming  in  needles); 
the  distillate  is  shaken  up  in  a bottle  with  oil  of  vitriol  as  long  as  hydrochloric  acid 
continues  to  escape;  the  ros«-coloured  oil  of  vitriol  (which  deposit.s  a. stinking  substance 
w’hen  ncufmlised),  is  n-moved  by  a syphon;  the  nminining  oil  is  washed  with  a large 
quantity  of  water,  and  mixitl  in  th«‘  fiask  with  ammonia,  with  which  it  solidifies  com- 
pletely into  a white  mas.s  with  slight  rise  of  temperature;  this  mass  is  boiliMl  with 
water;  the  solution  decanted  hot  from  a brown  oil,  which  is  again  to  lie  treated  with 
ammonia,  and  then  with  hot  water  to  remove  the  acids  completely;  the  hot  filter'd 
aqueous  solutions,  containing  di-  and  trichlorophenate  of  ammonium,  are  mixed  by  drops 
with  dilute  nitric  acid  till  a slight  turbidity  is  produceil ; tlie  liquid  is  filtere<l  from  the 
red-brown  precipitate  ; the  filtrate  precipilati*d  with  a slight  excfss  of  nitric  acid  : the 
white  precipitate,  which  is  gelatinous  at  first,  hut  afi<*rwaids  cunly,  and  consists  of  fine 
needles,  col!ecte<l  on  a filter,  and  distilled  after  washing,  pressing,  and  drying;  and  the 
distillate  boiled  with  a slight  exc«'s.s  of  aqueous  carbonnteof  sodium,  which  leaves  Iiehind 
the  oily  dichloropheiiic  acid,  while  the  crystalline  trichlorophenic  acid  is  precipitat«*d 
from  the  filtrate  by  nitric  acid,  and  purififnl  by  distillation.  (Laurent.) 

Dichloroplienic  acid  is  an  oil  which  volatilises  without  residue,  has  a peculiar  odour, 
is  insoluble  in  water,  but  dissolves  very  easily  in  a/cohol  and  efhtT.  With  nqutous 
ammonia  it  immediately  solidifies  into  a crystalline  mass,  which,  however,  on  ex- 
posure to  the  air,  gives  off  ammonia  and  becomes  oily,  bnt  solidifies  w hen  again  tn‘ated 
with  ammonia.  The  solid  salt  is  soluble  in  w*atcr. 

Trlohloropbenlc  aeld.  C“H*C1*0.  Tric/domcarho/ic,  Chhropheniitic  or  Ch/o- 
rindoptic  acid.  (Laurent.  Ann.  Ch.  Phys,  [2]  Ixiii,  27;  [3]  iii.  497.)— This  acid  is 
formed  by  the  action  of  chlorine  on  phenol  or  dichloroplienic  acid ; of  chlorine  in 
pnwnce  of  water,  on  indigo,  aniline,  and  saligcniii;  and  of  a mixture  of  hydrochloric 
acid  and  potassic  chlorate,  continued  for  a sliort  time  only,  on  j»henol. 

It  may  be  preparixi  : 1.  From  coai-tar  naphtha^  either  by  tin*  method  just  de.scribed 
with  reference  to  dichloroplienic  acid,  or  better,  by  r«‘peatedly  distilling  the  commercial 
oil  obtained  from  coal-tar,  collecting  apart  the  portion  which  lx»ils  In  tween  170®  and 
190®  ; separating  it  out  from  the  naphthalene  which  crjstallises  out  in  the  cold ; 
passing  chlorine  gas  through  it  fur  a day  or  two  according  to  the  quantity  ; distilling  it 
till  nothing  but  a carbonaceous  rcKidm*  is  left  (whereupon  hydrochloric  acid  is  given  off  and 
a very  offensiveodour  emitt«-d),  the  receiver  being  changed  at  certain  stages  of  the  pro- 
cess, and  the  first  and  last  portions  of  the  distillate  set  aside  ; passing  chlorine  tlmmgh 
the  middle  distillate  till  it  solklifi*‘S  into  a crj’stalline  paste  ; purifying  this  ma.**s  from 
adhering  oil  by  spreading  it  on  p.aper  ami  ivressing  it ; dissolving  the  crystalline  mass — 
which.  Iwsidt'S  thj*  trichlorophenic  acid,  likewise  contains  a little  oil  and  crystalline 
chloralbin  (C*Ci^H*) — in  lioiling  water  containing  ammonia;  filtering;  dissolving  in 
water  the  trichloniphenate  of  ammonium  which  has  crystallised  out  on  cooling  ; mixing 
the  solution  with  hy'drochloric  acid  to  precipitate  the  trichlorophenic  acid;  ami  pnri- 
fynng  thi.s  product  by  washing,  drying,  and  distillation.  (Laurent.) 

2.  From  Saligenin. — When  chlorine  gas  is  pas-seii  through  an  aqueous  solution  of 
saligenin,  the  l>ottle  being  frequently  closed  and  sliaken,  the  liquid  immediately  becomea 
turbid,  then  deposits  a yellow,  afterwards  reddish,  and  finally  omnge-y’cllow  rry’stalline 
resin,  and  a white,  bulky,  cn'stalline  precipitate  To  free  the  entire  precipitate  from 
a closely  adhering  reddish  oil,  it  is  distilled  three  or  four  time-s  with  oil  of  vitriol,  which 
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carbonises  the  oil,  with  evolution  of  sulphurous  and  hydrochloric  acids,  and  ultimately 
pure  triehlorophenic  acid  distils  over.  (Piria.) 

From  Indigo. — When  clilorine-gjis  is  passed  through  water  in  which  indigo  is 
sus]>endfd,  and  the  yellowish-rod  magma  is  distilled,  with  cohobation  of  tho  watery 
distillate,  a crystalline  sublimate  is  obtainwl,  consisting  of  triohlomniline  and  tri- 
chlorophonic  acid ; and  when  this  mixture  is  distilled  with  potash,  the  trichlora- 
nilinu  passes  over,  while  crystallised  trichlorophenate  of  potassium  remains  behin<l, 
mixed  with  free  potash.  This  residue  is  pressed,  exposed  to  tho  carbonic  acid  in  the 
air,  disBolviKl  in  the  smallest  possible  quantity  of  boiling  alcohol,  and  left  to  crj'stallise 
after  filtration  ; and  from  the  aqm^ous  solution  of  the  capillary  crj’stals  thus  obtained, 
the  triehlorophenic  acid  is  precipitated  by  acids.  (Erdmann.) 

Triehlorophenic  acid  ciystallist's  from  solution — best  from  rock-oil— or  by  sublima- 
tion, in  very  slender  silky  needles  or  in  right  rhombic  prisms,  generally  exhibiting  the 
combination  ceP  . ccl'ao  . oP  . Angle  ceP  ; oep  -=  110®;  ooP  ; ooI*ao  — 145®, 
It  melts  at  44®(Laurent);  58®  (Piria),  find  solidifies  on  cooling  to  a radiated  mass  of 
needles.  It  boils  at  250®  and  distils  without  alteration.  It  has  a very  penetrating  and 
persistent  odour,  and  is  easily  set  on  fire,  burning  with  a green-edged  smoky  flame  and 
emitting  hydrochloric  acid  vaj'ours.  It  is  insoluble  or  nearly  so  in  ica/cr,  but  tiissolves 
in  all  proportions  in  akohol  and  ethrr ; it  dissolv»*s  alK)  in  of/«,  ix>th  fat  and  volatile; 
easily  also  in  warm  fuming  sulphuric  acid,  with  which  it  solidifies  toa  mass  of  needles 
on  cooling-  Boiling  nitric  acid  converts  it  into  a reddish  substance  (calle<l  chlorophmyt 
by  Laurent  and  containing  37'8  per  cent.  C,  192  H,  and  54  3 Cl),  which  becomes 
crystalline  by  prolonged  ebullition.  Triclilorophenic  acid  heated  with  chlorate  of 
potassium  and  hydrochloric  acid  is  converted  into  porchloroquinono  or  chloranil ; 

C*H>CI»0  + CP  -H  O = C«C1'0  + 3nci. 

The  trichlorophenates  give  oflf  triehlorophenic  acid  by  dry  distillation,  learing 
a metallic  chloride  and  charco^.  They  bum  witli  asmoky  green-etlgcd  flume.  Nitric 
acid  added  to  these  solutions,  throws  down  the  triehlorophenic  acid  in  the  form  of  a 
bulky  mass.  (Laurent.) 

Ammonium-salt. — The  solution  of  the  acid  in  aqueous  ammonia,  yields  needles  which 
have  a slight  alkaline  reaction,  and  sublime  compbdely  when  exposed  to  the  heat  of  tho 
sun,  but  by  dry  distillation  in  a retort,  are  ptirlially  resolved  into  nitrogen,  airimonia, 
triclilorophenic  acid,  dichlorophenic  acid,  and  sal-ammoniac.  The  salt  dissolve's  very 
sparingly  in  cold,  very  easily  in  hot  water,  or  in  water  containing  alcohol  (Laurent). 
The  pdassium  and  sodium-salts  form  very  slender  nec<lles. 

The  barium-salt  is  obtained  as  a white  gelatinous  precipitate  on  mixing  a concen- 
trated wlution  of  the  uramouium-salt  with  chloride  of  barium.  Dilute  solutions  jui  ld 
no  precipitate,  but  if  both  solutions  are  boiling  and  concentrated,  the  triclilorophcnate 
of  barium  separates  in  long  needles. 

The  ammonium-salt  throws  down  from  concentrated  (not  from  dilute)  solutions  of 
chloride  of  calcium,  and  likewise  of  alum,  a white  jelly;  it  pr«'cipilates  neutral  aettafe 
of  lead  and  ferrous-salts,  white  ;/rrWc  salts,  retMi.sh ; cobalt-salts,  reddish;  nickd- 
salts,  greenish  ; cupric  salts,  brown-red  (dark  purple  violet,  according  to  Erdmann  and 
Hofmann),  the  precipitate  dissolving  with  brown  colour  in  hot  alcohol,  andcrj’stallising 
on  cooling  in  brown,  shining,  oblique  rectangular  prisnis ; nurcurovs  nitratr,  while, 
according  to  Enlmann ; mercuric  chloride,  yellowish-white,  curdy ; and  nitrate  of 
silver,  lemon-yellowish.  Tlur  silver  &ilt  thus  obtained  has  the  composition  OIPAgCPO. 
(Laurent.) 

Pentaobloroplienlo  aetd*  C*HCPO.  Perchlorophniic,  Perchlorocarbolic,  Chhero- 
plunusic  OT  Chlorinattd  Chh>rindoptic  acid.  (Erdmann,  J.  pr.  Cheni.  xxii,  272. — 
l.aurent,  Ann.  Ch.  Phys.  [3]  iii.  497.) — Produced  by  the  action  of  chlorine  on  an 
alcoholic  solution  of  tricliloropbcnic  acid,  clilorisatin,  or  dichlorisatin  (iii.  406,  408). 
To  prepare  it,  chlorine  is  passeil  into  Ixaling  alcohol  of  80  ^>er  cent,  containing  ohlori* 
SJitin  or  dielilorisatin  in  suspension  or  solution,  till  the  thick  oily  precipitate  thereby 
produced  no  longer  increases.  This  precipitate  is  washed  with  water  (to  extnict  sal- 
ummoniae),  and  exhausUni  M'hen  cold  with  alcohol,  which  leaves  undissolveil  the  greater 
part  of  the  p»rchIoroquiuone  (ehloninil)  formed  at  the  same  time;  the  alcoholic 
solution  is  mixed  with  water  which  throws  down  a n'sinous  substance,  and  this  precipi- 
tate Is  di.ssolvisl  in  hot  caustic  |x)tash.  The  solution  thus  obtained  deposits  on  cooling, 
crystals  of  potassic  pcntachloropbenate,  which  is  purified  by  recrjstallising  it  several 
times  from  potash,  wherein  it  is  but  slightly  soluble. 

Pentachlorophenic  acid  precipitated  from  tho  potassium-salt  by  hydrochloric  acid 
forms  white  flocks,  which  when  dissolved  in  rock-oil,  septrate  in  right  rhombic  prisms, 
truncated  on  the  acute  lateral  edges.  Angle  <xP  : ocP  = about  110°.  If  is  less 
fusible  and  less  volatile  than  triehlorophenic  acid,  but  may  be  sublimed  in  long  needles 
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hj  distillation  with  water.  lu  odour  is  like  that  of  trichlorophemc  acid,  bat  more 
agreeable. 

PentacklorophmaU  of  Ammonium  forms  groups  of  lamins,  sparingly  soluble  in  water. 
The  ^tu^mumsalt  crystallises  in  nellies  or  rhombic  prisms.  The  solution  does  not 
precipitate  the  salt  of  calcium  or  magnesium  ; but  forms  a white  flocculeut  precipitate 
chloride  of  barium  ; brownish-wbite  with  irow-dafM  ; reddish  with  n/'/rafro/  cobalt; 
gri*euish  with  nitrate  of  nickel ; dark  violet-purple  with  cupric  sulphate;  white  floccu- 
h ut  with  mercuric  nitrate  or  ecocide;  yellow  with  nitrate  of  silccr.  The  silver-salt 
thus  formed  contains  C*AgCPO. 

5.  lodophcnols  or  lodophenic  Acids. 

The  mono-  and  di-iodated  compounds  are  produced,  with  copious  evolution  of  hy- 
drochloric acid,  by  the  action  of  chloride  of  iodine  on  phenol.  The  solution  of  the 
residue  in  soda-ley  yields,  on  addition  of  hydrochloric  acid,  a grt*yish-white  viscid  body 
which  when  heated,  under  the  ordinary  atmospheric  pressure,  is  resolvid  into  a largo 
quantity*  of  iodine  and  rosolic  acid,  but  when  distilled  in  a vacuum,  yields  liquid  mono- 
and  di-iodophenol  «>Dtaining  a small  quantity  of  rosolic  acid. 

Nono-iodophenot,  is  colourless,  syrupy,  insoluble  in  tco/cr,  soluble  in 

alcohol  and  rthrr^  and  forms  with  alkalis,  crystallisable  salts  which  are  soluble  in  pure 
water,  but  insoluble  in  strong  potash-ley. 

Di-iodophenol^  is  a colourless  solid,  which  melts  at  about  110^,  dissolves 

sparingly  in  water,  and  crystallises  from  hot  dilute  alcohol  in  slender  flattened  needles. 
It  dissolves  in  (dcoJud^  ether,  and  alkalis,  forming  with  the  latter,  compounds  which  are 
soluble  in  water,  but  insoluble  in  strong  potash-ley.  When  heated  it  gives  off  iodine 
and  leaves  rosolic  acid.  (Schiitzouborger  and  Sengenwald,  Compt.  rend.  Uv.  197.) 

4.  HitrophenoU  or  ^litrophenic  Acids, 

Witrophenlc  add, OH*(NO*jO.  Hitrocarholic acid.  (Hofmann,  Ann.  CluPharm. 
Ixxv.  358;  ciii.  247. — Fritrsche,  Petersb.  Acad.  BulL  xvi.  11;  J.  pr.  Clu*m.  Ixxiii. 
293;  Jahresb.  1857,  p.  453.) — This  acid  is  produced  by  the  action  of  nitric  acid  on 
phenol,  and  by  that  of  nitrous  acid  upon  aniline.  When  nitric  oxide  gas  is  passed  into 
a solution  of  aniline  in  strong  nitric  acid,  a brown  resinous  mixture  is  formed  con- 
taining crystalline  nitrophenic  acid,  a brown  amorphous  substance,  and  a trace  of 
phenol.  Nitrophenic  acid  is  also  obtained  in  small  quantity  by  distilling  aniline  with 
dilute  nitric  acid.  (Hofmann.) 

Friparatimi  from  Phenol. — To  obtain  nitrophenic  acid  free  from  di-  and  trinitrophenic 
acids,  the  action  of  the  nitric  acid  must  carefully  rt-gnlatcd.  For  this  purpose 
Hofmann  mixes  phenol  and  the  strongest  nitric  acid  by  small  quantities,  keeping  the 
whole  well  cooled  by  a freezing  mixture ; then  adds  water,  and  distils  the  resulting 
mixture  of  water,  oil  and  resin;  or  he  distils  a hom<^euiM)us  mixture  of  phenol  and 
waU?r  with  ordinary  nitric  acid,  whereupon  the  liquid  suddenly  turns  brown,  a resin 
sepiirates  from  it,  and  yellow  drops  of  nitrophenic  add  pass  over  with  the  watery 
distillate  and  soon  solidify  in  the  crystalline  form.  Fritzsche  dissolves  2 pts.  of 
pure  phenol  in  100  pts.  boiling  water,  adds  3 pts.  of  fuming  nitric  acid  of  specific 
gravity  1'61,  and  distils.  At  first  the  nitrophenic  acid  acid  passes  over  in  oily  drops 
which  ultimately  solidify ; afterwards  as  an  aque^jus  solution,  tne  first  portions  of  which 
deposit  needle-»haj)ed  ciystals  of  nitrophenic  acid  when  cooled  to  0®.  The  nitrophenic 
acid  separated  from  the  accompanying  liquid  is  purified  by  redistillation  with  water 
and  recrystallisation  from  alcohol  and  ether. 

Properties. — Nitrophenic  add  crystallises  in  prisms  of  132®  49',  and  47®  IV,  having 
their  acute  and  obtuse  edges  much  truncated,  but  whether  they  are  trimctric  or  mono- 
clinic  could  not  be  determined,  on  account  of  the  imperfect  development  of  the  ter- 
minal faces  (Kokscharow,  Petersb.  Acad.  Bull.  xvii.  273).  It  has  a light  yellow 
colour,  an  aromatic  not  unpleasant  odour,  and  sweet  aromatic  taste ; melt^  at  42®,  and 
solidifies  again  at  26®  (Hofman  n);  melts  at  45®,  and  solidifies  at  the  same  temperature 
(Fritzsche);  boils  at  216®  (Hofmann),  at  214®  (Fritzsche).  It  dissolves  easily 
in  alcohol  and  ether  (Hofmann,  Fritzsche),  and  separates  therefrom  by  slow  evap- 
oration in  yellow  ms'dles  (Hofmann);  sparingly  in  water  (Hofmann),  sparingly  in 
cold,  more  easily  in  hot  water  (Fritzsche) ; easily  in  bcnecne  and  sulphide  of  carbon 
(Fritzsche).  The  solutions  Imve  an  acid  reaction.  By  stdph  uric  acid  it  is  converted, 
slowly  when  dissolved  in  ammonia,  easily  when  dissolved  in  potash  or  soda,  into  ami- 
dophenol,  C*H‘(NH*)0.  (Hofmann.) 

The  ni  trophenates  are  scarlet  or  orange-coloured  according  to  the  quantity  of 
water  which  they  contain. 

The  a)nmonium-salt  separates  on  cooling  from  a solution  of  nitrophenic  acid  in  warm 


NITROPHENIC  ACIDS. 


395 


aqueous  ammonia,  in  orange-yellow  laminar  crystals,  which  quickly  give  off  ammonia 
even  when  exposed  to  Uie  air  in  the  moist  state.  The  dry  salt  is  more  easily  prepared 
by  passing  dty  ammouia-gas  into  an  ethereal  solution  of  uitrophenic  acid,  whereupon 
it  separates  in  laminar  crystals,  which,  after  being  quickly  washeu  with  ether  and  pressed 
between  paper,  may  be  presen*cd  in  a well-closed  vessel  (Fri  tzsche).  The  potuBsium- 
mU  is  obtained  by  dissolving  an  excess  of  uitrophenic  acid  in  a solntion  of  caustic 
potash  in  alcohol  of  90  percent,  and  crystallises  from  the  concentrated  liquid  on  cooling 
in  flat  orange-red  crystals  containing  2C*II*K(N0*)0.H*0  ; between  120^  and  130® 
they  give  off  their  water  and  turn  red.  The  some  salt  may  bo  obtained  in  orange- 
coloured  needles  by  the  process  given  by  Hofmann  for  the  preparation  of  the  sodium- 
salt  (Fritzsche).  The  iodium-salt,  C*H*Ka(N0*)0,  is  obtained  in  scarlet  crystals  by 
adding  soda  in  excess  to  nitrophenic  acid,  exposing  the  componnd  to  the  air  till  all  the 
free  soda  is  converted  into  carbonate,  ana  recrystallising  from  absolute  alcohol. 
(Hofmann,  Fritzsche.) 

The  barium^Balt,  C**H"Ba"(N0*)*0*,  separates  in  scarlet  tabular  crystals  on  boiling 
baiy'ta-water  with  excess  of  nitrophenic  acid  till  the  excess  is  driven  off,  and  leav- 
ing the  filtrate  to  cool  (Fritzsche). — The  strontium-aalt  prepared  in  like  manner 
forms  orange-colourtnl  needles  containing  C*^H"Sr"(N0*)*0*.3H*0  (Fritzsche). — The 
cahium-BoU  crystallises  in  orange-coloured  needles,  C”H*Ca''(N0*)*0*.H*0,  or  plates, 
C‘*H'*Ca"(N0*)*0*.4H*0,  which  turn  red  when  dehydrated.  (Fritzjsche.) 

Mngmfiiim^salt. — Magnesia  boiled  with  nitrophenic  acid  forms  a red  solution 
which  deposits  needle-shaped  crystals.  Nitrophenic  acid  boiled  with  carbonate  of  mag- 
nesium expels  only  a portion  of  the  carbonic  acid.  (Fritzsche.) 

The  soluble  nitropbenates  form  orange-red  precipitates  with  acciaU  of  If  ad  and 
nurcttric  chloridf  (Hofmann).  The  precipitates  formed  in  solutions  of  nitrophenatea 
by  zine,  copper,  and  Uad-wlta  quickly  decompose,  with  separation  of  uitrophenic  acid. 
(Fritzsche.) 

Silver-salt,  C*H*Ag(N0*)0. — Orange-red  precipitate,  gelatinous  and  difficult  to  wash 
(Hofmann).  Nitrate  of  silver  added  to  a concentrate  solution  of  a nitrophenato 
forms  a deep  orange- red  precipitate  which  at  first  consists  of  microscopic  needles,  but  in 
contact  with  the  liquid  soon  changes  to  a powder  consisting  of  thick  crystals.  A dilute 
solution  of  silver-nitrate  mixed  with  a solution  of  nitrophenic  acid  in  a slight  excess  of 
ammonia,  deposits  at  first  long  needles  of  a deep  rod  colour,  between  wmeh  orange- 
coloured  crystals  gradually  form,  and  ultimately  the  entire  deposit  changes  to  a moss 
of  granular  cxystaLi.  The  salt  is  anhydrous  in  Wb  forms.  (Fritzsche). 

Etkylic  nitrophfnate  or  Eitrophenetol,  C*n^(C*H‘)(N0*)0,  is  prepared 
by  decomposing  the  silver-salt  with  ethylic  iodide,  exhausting  with  ether,  evaporating 
the  ethereal  extract,  and  distilling  the  residual  brown  oily  liquid.  It  then  passes  over 
as  a nearly  inodorous  wine-yellow  liquid,  insoluble  in  water,  easily  soluble  in  alcohol 
and  ether,  slowly  decomposed  by  boiling  with  potash  (Fritzsche).  The  same  com- 
pound appears  to  be  formed,  together  with  ethylic  dinitrophenate  or  dinitrophenctol 
(p.  399),  when  ethylic  phenate  is  treated  with  fuming  nitric  acid.  (Caboura.) 

Zaonltroplienlc  aold.  C*H^N0*)0.  (Fritzsche,  Petersb.  Acad. Bull. xvii.  145; 
J.  pr.  Chem.  Ixxv.  267  ; Jahresb.  1858,  p.  407.) — This  acid,  which  has  the  same  com- 
position as  nitrophenic  acid,  but  differs  from  it  in  its  properties  and  in  the  constitution 
of  its  salts,  is  pi^uced,  simultaneously  with  nitrophenic  acid,  in  the  first  stage  of  the 
action  of  nitric  acid  on  aqueous  phenol.  It  is  found  in  the  residue  left  after  the  nitro- 
phenic  acid  has  been  distilled  off ; but  in  order  to  obtain  it  from  this  residue,  it  is  im- 
portant to  ensure  the  absence  of  dinitropbenic  acid,  aud  therefore  not  to  use  an  excess 
of  nitric  acid.  Fritzsche  thervfore  dissolves  4 pts.  of  phenol  in  100  pfs.  of  hot  water, 
adds  5 pts.  fuming  nitric  acid  of  specific  gravity  r51,  previously  diluted  with  20  pts.  of 
water,  and  distils  off  about  a third  or  half  of  the  mixture.  The  distillate  contains  a 
large  quantity  of  nitrophenic  acid;  the  residue  is  free  from  dinitropbenic  acid,  and 
consists  of  a dark  brown  resinous  body,  which  for  the  most  part  adheres  closely  to  the 
sides  of  the  retort,  and  a yellow  liquid  which  separates  in  oily  drops  on  cooling.  This 
liquid,  together  with  the  solution  obtained  by  boiling  the  rc'siuous  moss  with  water,  is 
filtered  hot,  and  immediately  supersatursitcd  with  caustic  soda,  in  which  isonitro- 
phenatc  of  sodium  is  insoluble.  This  sodium-salt,  which  separates  on  cooling  as  a 
yellow  crystalline  powder,  is  separated  from  the  liquid  by  filtration  through  pounded 
glass,  washed  ivith  a little  soda-ley,  and  crystallised  from  the  smallest  possible  quantity 
of  boiling  water,  from  which  it  separates  on  cooling  in  prismatic  or  tabular  crystals. 
To  isolate  the  isonitrophenic  acid,  a solution  of  the  sodium-salt,  saturatixl  at  mean 
temperature,  is  mixed  with  hydrochloric  acid  at  the  temperature  of  about  40®,  till  the 
previously  yellow  liquid  has  become  colourless : the  acid  then  separates  on  cooling, 
first  in  oily  drops,  afterwards  in  slender  needles.  To  purify  it  by  reciystallisation,  it 
must  be  dissolved  in  water  not  hotter  than  40®,  since  at  higher  temperatures  a portion 
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of  the  acid  separates  in  the  stute,  and  usually  with  a yellowish-red  colour,  which 

it  retains  even  after  solidifying. 

Proi*rrti($. — I.Honitropheuie  acid  crystallises  from  its  pure  aqueous  solution  in  slender 
colourless  needles;  but  by  spontaneous  eva|>oration  of  an  ethereal  solution,  it  may  be 
obtained  in  lai^er  crystals  which  assume  a yellowish-red  colour  on  exposure  to  light 
and  air.  These  two  forms  are  distingui.shed  by  Fri  tzscho  us  the  colourless  and  the 
colourftil  moiUficatioD.  The  acid  is  not,  however,  dimorphous;  for, according  to  Kok- 
Bcharow,  both  forms  an*  monoclinic,  and  have  their  principal  axis  clinodiagunal  and 
ortho^iiagonal  in  the  same  ratio,  \iz.  as  1’0338  : 1 : l o094,  and  the  two  former  axes 
inclined  at  an  angle  of  76®  37'.  The  crystals  of  the  coloured  rootlitlcation  exhibit  the 
combination  oP  . + P . odP^  . o&Poo  , while  the  nefdle-shap<*d  ciyatals  of  the  colour- 
less modification  exhibit  at  the  ends  only  the  face  JP. 

Isonitrophenic  acid  is  inodorous,  has  u sweoti.sh  taste,  with  burning  after-taste.  It 
dissolves  very  ea-sily  in  alcohol ; the  solution  becomes  milky  on  addition  of  water,  and 
the  acid  which  gradually  collects  together,  n*mains  liquid  for  days,  if  only  a small 
quantity  of  water  has  been  added.  In  the  dry  state  it  melts  at  about  111)®;  under 
water  Wtween  48®  and  50®.  At  a stronger  heat,  it  boils  and  passes  over  for  the  most 
part  undecomposed ; it  volatilises  perceptibly,  however,  at  lower  temperatures,  even 
(s  low  its  m«‘ltinp  point,  also  with  aqueous  vapour  when  boiled  with  water.  It  is 
Kcarcely  attacked  by  strong  BiJphuric  acid,  even  after  prolonged  boiling.  When  it  is 
trealfd  with  iron  Jitings  and  dilute  acetic  acid,  a violent  action  takes  place,  and  a 
dark  brown  sparingly  soluble  iron-salt  is  formed,  containing  a peculiar  acid  not  yet 
examined. 

Isonitrophenates. — Isonitrophenic  acid  is  a weak  acid  ; it  expels  carbonic  acid 
from  the  carbonates  of  the  nlkali-ractals,  and  from  magnesia  alba  ; but  scarcely  attacks 
the  carbonates  of  the  other  earth-metals,  even  at  the  boiling  heat,  ll  forms  but  one 
<‘tIiyl-corapound.  and  is  therefore  probiibly  monobasic ; nevertheless,  it  forms  two 
cla.sses  of  salts,  namely  neutral  salts,  OH^M'NO*  or  C*‘H*M'*N*0*,  which  are  mostly 
yellow  or  brownish-yellow  in  the hydratetl,  and  brick-nd  in  the  anhvdnms  state;  and 
acid  salts,  or  from  "which  the  second 

atom  of  acid  may  be  rt-moved  by  ether. 

The  neutral  ammonium-salt  {ol)taine<l  fWim  a solution  of  the  acid  in  exc»>s8  of  warm 
aqueous  ammonia)  and  the  acid  salt  (by  cautiously  widing  acetic  acid  to  a cold  saturated 
solution  of  the  preceding)  crystalliw^  in  yellow  needles;  both  salts  melt  when  heatetl, 
and  give  oflf  their  ammonhu — Potassium-salts,  The  acid  dissolves  easily  in  dilute 
|)otasl»-ley ; and  on  adding  excess  of  (X)tash  to  this  solution,  the  neutral  salt  C*H*KNO*. 
*iUH)  sepamt<>s  as  a golden-yellow  microscopically  crystalline  precipitate,  which,  wlien 
rocrystalliscd  from  a small  quantity  of  hot  water,  forms  confused  crusts  of  crystals  con- 
taining C^H*KN0*.2lI*0  ; they  give  oflf  their  water  at  130®,  but  reeoverit  on  exposure  to 
the  air.  From  a cold  concentratini  solution  of  this  salt  mixed  with  a little  acetic  acid, 
or  from  a solution  of  the  neutnd  salt  and  the  free  acid  in  equivalent  proportions,  the  acid 
salt,  C*lPKNO*.C*li*NO*,  separates  in  prismatic  crystals  which  appear  also  to  contain 
2 at.  water,  but  give  off  acid  as  well  aswaterwhon  heated. — 8odiu  m-salts,  A solu- 
tion of  the  neutral  sodium-salt  prepared  a.H  above  desmlx'd  (p.  395)  yields  at  ordinary 
temjkoratures  yellow-brown  crystals  w'hich  contain  O‘II*NaN0’.4ll*0,  give  off  half 
their  water  on  exj>osure  to  the  air,  becoming  opaque  and  yellow,  and  the  remainder  at 
110®;  the  anhydnms  salt,  which  has  a Irick-rixl  colour,  tak<«  up  2 at.  water,  and 
becomes  yellow  again  on  exjK>surc  to  the  air.  On  adding  acetic  acid  by  drops  to  a 
cold  saturatJHl  solution  of  the  neutral  sodium-salt,  the  acid  salt  is  soon  deposited  in 
pri^matic  crystals,  which,  when  recrystullisiHl  from  water,  yield  slender  orunge-rod 
pri.sms  containing  C*lPNaXO*.C*U*2saO’.2lI^O. 

liarium-salts.  The  neutral  salt,  C'‘‘H*Ua"N*O*.8H®0,  crj’stullises  from  a mixture 
of  the  neutral  Mxlium-salt  and  chloride  of  barium,  in  brown-yellow  monoclinic  prisma 
with  ba.sal  end-faces;  it  slowly  gives  off  Imlf  its  water  when  expo«e<l  to  the  air,  and 
becomes  anhydrous  at  120®. — Thu  add  salt,  separates 

in  distinct  crv*.«>tab  from  a mixture  of  the  neutral  salt  and  the  free  acid  in  equivalent 
pr»>jsjrtions, — In  like  manner  an*  obtaineii  then(«fraf^/ronriw«-s<i//,C**H“SF'N*0*.7H*0, 
in  yellow  nmlles;  the  ac/Vf  stnmtium-salt  in  light  yellow  prisms; — al.'xj  the  neutral 
caldutn-salt,  C‘*H"Ca"N*0*  4li'0,  in  yellow  needles,  and  the  acid  calcium-salt 
C'*H"Ca"X^0*.C‘*H‘*N^0*.81I*0,  which  separates  from  u hot  solution  on  cooling  in  short 
fiat  prisms. 

The  magnesium-salt,  crystallises  from  a mixture  of  the  hot 

solutions  of  the  neutral  sodium-salt  and  sulphate  of  magnesium,  or  from  the  solution 
obtained  by  boiling  the  aqueous  acid  with  excess  of  magnesia  alba,  in  flat  prisms  or 
tablets. — An'aciil  magnesium-salt  docs  not  appear  to  exist. 

Solutions  of  copper  and  cinc-sedts,  addeu  to  soluble  isonitrophenates,  throw  down 
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precipitatee  consisting  of  basic  salts,  while  free  isonitrophenic  acid  remains  in 
solution. 

Lead-salta.  The  nrufralaalthm  not  bi^en  obtained. — By  dropping  absolution  of  the 
80<lium-salt  into  a boiling  solution  of  neutral  lead-acetato,  the  salt  3C'*H'‘l*b"N*0*. 
2Pb"0,  is  obtained  as  an  oninge-coloun'd  precipitate,  flocculent  at  first  but  soon 
changing  to  a granular  mass  of  microscopic  six-sided  tablets. — An  acid  Imd^sa/t  sopu- 
ratios  on  cooling  from  a solution  of  isonitrophenic  acid  in  hot  aqueous  noutrsl  acetate  of 
leml.  in  light  yellow  needles,  which  after  pecrystallisation  contain  4C‘*U*‘Pb'^*0‘. 

Silver~salts. — The  precipitates  formed  on  mixing  solntion.s  ofalkalineisonitpophcn- 
atc-sand  silver-nitrate,  differ  in  composition  araordiiig  to  the  constitution  of  the  soluble 
isonitrophonute  used,  the  concentration,  temperature,  and  proportions  of  the  mixed 
solutions,  and  the  manner  in  which  they  art'  brought  together.  The  neutral  sihrr-salt 
containing  when  air-dried,  C*H^AgN0*.H-0,  is  obtained,  on  dropping  a cold  solution  of 
neutral  isophenato  of  sodium  or  ammonium  into  solution  of  silver-nitrate,  as  a bulky 
scarlet  precipitate,  which  soon  changes  under  the  liquid  to  a mass  of  microscopic  prisms 
of  a deep  orange-yellow  colour.  If,  on  the  contrary,  nitrate  of  silver  be  added,  with 
stirring,  to  a cold  aqueous  solution  of  neutral  isonitroplionate  of  ammonium,  theliqukl 
becomes  milky,  a red  pR'cipitatc  is  formed,  and  afterwards  a permanent  light-yellow 
precipitate  consisting  of  adouble  isophenato  of  silver  and  ammonium.  \NTien  a mixture 
of  the  hot  sulutions  of  a neutral  alkaline  isonitroplionate  and  silver-nitrate  is  left  to  cool, 
especially  if  the  latter  Is  in  excess,  an  acid  silver-mlt,  6C*H*AgNO*.C*H*NO*,  separates 
in  purjde  needles,  which  if  left  in  the  liquid,  ultimately  chaugo  into  the  neutral-salt. 
A mixture  of  the  warm  solution  of  the  acid  sodium-salt  with  excess  of  a concentrated 
solution  of  silver-nitrate,  also  yields  crj’stals  of  the  purple  salt  just  mentioned;  but  the 
last  portions  rt'dissolv<*<l  in  the  liijuid  after  complete  cooling,  and  in  their  place  there 
are  formed  yellowish-green  lamina?  of  the  normal  acid  salt  C^H*Ag(NO*).OH*NOMl*0, 
which  quickly  turn  scarlet  on  exposure  to  the  air.  On  dissolving  either  of  the  pre- 
ceding silver-salts  in  ammonia,  an  isonitrophenate  of  ar^entammonium  is  formed.  A 
double  isonitrophonute  of  ammonium  and  argon  turn  mon  mm  has  also  been  obtained  in 
rather  large  crystals. 

Ethylic  laonitrophenate  or  laonitrophenetoly  C*II^(C*H*)(N0*)0,  is  ob- 
tained by  decomposing  the  neutral  silver-salt  with  clhylic  iodide,  distilling  off  the  excess 
of  the  latt«T  and  exhausting  the  Residue  with  other.  It  cT3’stallis«*s  in  colourless  prism.s, 
easily  soluble  in  ether,  less  soluble  in  alcohol,  insoluble  in  water;  has  a [W'culiar  aromatic 
odour;  melts  at  67® — 58®  to  an  oily  liquid  which  solidifies  in  a crystalline  mass; 
begins  to  boil  at  a stronger  heat,  and  may  be  distilled  for  the  most  part  without 
decomposition.  (Fritzscho.) 

Xttro-dloliloropbenlo  oold.  C*H’CF(N0*)0. —Obtained  by  treating  rectified 
coal-tar  naphtha,  first  with  chlorine,  then  with  nitric  acid.  The  product  mixed  with 
water  is  neutmlised  with  ammonia,  and  boiled ; the  filtered  solution  is  neutralised  with 
ammonia,  and  the  nitro-dichlorophenic  arid  which  separates  on  cooling  is  purified  by 
recrystallUation  from  alcoboL  It  is  yellow,  soluble  in  tcalrr,  moderately  soluble  in 
boiling  rt/roW  and  in  ether,  and  crystallises  in  beautiful  monoi'liiiic  prisms  having  the 
angle  ooP  : ooP  =n  88°  ; ocP  : oP  = 108°  20' to  10H°  30*.  When  quickly  heated  in 
a close  vessel,  it  decomposes  with  ignition. 

The  ammonium^salC  crystallises  in  beautiful  omngc-red  needles  which  when  cautiously 
hente<l  partly  sublime  without  decomposition.  Tlie  p^fiasshnn-aalt,  C“Il-KG*tN0*)0, 
crystallises  in  very  brilliant  lamime,  which  exhibit  by  reflection  two  very  different 
colours,  appearing  of  a fine  crimson  in  one  direction,  and  pure  yellow  in  another.  The 
other  salts  resemble  the  trinitrophenutes  or  picrates.  (Luureut  and  Dolbos,  Ann. 
Ch.  Phys,  [3]  xix.  380.) 

sritro-dl-iodopbento  add.  C^H*l*(IsO*)0. — Formed  by  treating  hot  nitro- 
aalicylic  acid  with  iodine  ami  adding  potash.  Its  properties  have  not  been  examined. 
(Piria,  Compt.  rend,  xvl  187.) 

Dlnttrophenic  add.  C*H*N*0*  CTP(N0*)’0.  Kitrnphcnefic  acid.  (Laur- 

ent, Ann.  Ch.  Phys.  [3]  iii,  212.) — This  acid  is  produced  by  the  comparatively 
mo<lerato  action  of  nitric  acid  on  phenol  (Laurent);  also  by  boiling  dinitranisol 
(methylic  dimtrophenate,  L 305)  with  alcoholic  potash.  (Ca hours.  Ann.  Ch.  Phys. 
[3]  XXV.  22.) 

Preparation. — 12  pts.  of  commercial  nitric  acid  are  added  by  separate  portions  in  a 
large  porcelain  basin  to  1 pt.  of  that  portion  of  coal-tar  napihtha  which  boils  between 
160°  and  190°,  a fresh  portion  being  added  as  soon  as  the  violent  intumescence  caused 
by  tbe  preceding  has  subsided,  in  which  case  the  mixture  Ix'tromes  hot  enough  to 
rcn<lcr  external  healing  unnecessary.  The  resulting  thick  red-brown  masn  is  freed  by 
water  from  the  gR*ater  part  of  the  nitric  acid ; the  residue  boiled  with  very  dilute 
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ammonia  ; the  solution  while  hot  rapidly  61terod  from  a brown  resinous  mass  which  serres 
for  the  preparation  of  picnc  acid;  the  brown  crystallino  substance  which  separates 
within  24  hours  from  the  dark  brown  filtrate,  is  collected  (an  additional  quantity  of  the 
brown  resinous  mass  serving  for  the  preparation  of  picric  acid  may  be  precipitated  from 
the  mother-liquor  by  acids) ; the  ci^'staliine  substance  is  diasolred  in  boiling  water  ; 
the  delicate  ne<HlIes  of  dinitrophonate  of  ammonium  which  form  on  cooling,  are  puri- 
fied by  four  recrystallisations  (the  matter  precipitated  from  the  mother-liquors  by  nitric 
acid  serves  also  for  the  preparation  of  picric  acid),  washed  with  cold  water,  and  dis- 
solved in  a very  lai^e  quantity  of  boiling  water ; the  solution  is  filtered  as  quickly  os 
possible  from  any  of  the  brown  mass  that  may  be  precipitated;  the  mother-liquor  is 
decanted  from  the  acid  which  crystallises  on  cooling,  boiled  with  fresh  ammonia,  again 
mixed  with  nitric  acid,  &c.,  and  finally  the  acid  thus  obtained  in  fork-like  tufts,  is  dis- 
solved in  boiling  alcohol  to  purify  it  from  a small  quantity  of  oil : it  then  crystallises 
free  from  oil  on  cooling.  (Laurent.) 

Propfrtiea. — Dinitrophenic  acid  forms  pale  brown-yellow  prisms  belonging  to  the 
trimetric  system,  and  exhibiting  the  combination  odP  . acf*x  . f « with  P vary  sub- 
ordinate. Angle  oeP  : QcP  =»  130®;  »P  : cef»  = 116®;  ool^x  : » 127®. 

Ratio  of  principal  to  secondary  axes  100  : 0 619  : 1*327.  It  melts  at  104®,  and 
solidifies  in  a radiated  mass  on  cooling;  may  be  distilled  in  small  quantitii^  without 
decomposition.  It  is  inodorous;  tasteless  at  first,  afterwards  very  bitter;  colours  the 
cuticle,  horn,  and  other  animal  tissues,  deep  yellow  (Laurent).  It  is  insoluble  in 
cold,  sparingly  soluble  in  hot  wattr;  easily  soluble  in  alcohol  and  ether ^ the  latter  when 
hot  taking  up  rather  more  than  a fourth  of  its  weight  of  the  acid. 

Dfccmpositiona. — 1.  The  acid  detonates  when  suddenly  heated  in  a tube,  or  slightly 
when  heated  in  the  air,  with  red  flame  and  black  smoke,  leaving  a residue  of  cliarcoal. 
—2.  When  heated  with  bromine,  it  is  converted  into  dinitrobromophenic  acid. 
Chlorine  appears  not  to  act  upon  it. — 3.  By  boiling  nitric  acid  it  is  quickly  converted 
into  picric  acid  (Laurent). — 4.  When  heated  with  chlorate  of  pota^aium  and  hydros 
chloric  acid,  it  is  very  easily  converted  into  perchloroquinone  (Hofmann,  Ann.  Pharm. 
lii.  62). — 6.  It  diasolves  in  vrarm/uminff  oil  of  vitriol,  and  then  decomposes,  with  rapid 
evolntion  of  gas,  turning  brown  and  thickening  at  the  same  time. — 6.  It  dissolves 
gradually  in  dilute  aulphuric  acid,  in  presc>nce  of  zinc,  forming  a rose-coloured  liquid, 
which  is  turned  green  by  excess  of  ammonia,  without  precipitation. — 7.  Wlien  digested 
with  dilute  aulphuric  acid  and  baryta,  out  of  contact  of  air,  it  forms  a blood-red  liquid 
(Laurent). — 8.  When  gently  heated  witli  aqueous  aulphide  of  ammonium,  it  forms  a 
nearly  black  liquid  which  on  cooling  deposits  needles  of  nitrophenamic  acid: 

2C«H‘(X0»)*0  + SIPS  - C'*H«(N0*)*N*0»  + 4H*0  -f-  S>. 

Dinitrophenic  Kiirophenamic 

acid.  acid. 

9.  Chloride  of  benzoyl  attacks  dinitrophenic  acid  when  heated  with  it.  giring  off  hydro- 
chloric acid  and  forming  dinitrophenylic  benzoate  or  dinit robenzophenide  (i.  541), — 

10.  With  pentackloride  of  ph'iapKcrrua  the  acid  gives  off  hydrochloric  acid  and  phos- 
phoric oxychloride  and  forms  dinitrophenylic  chloride. 

The  mi  tallic  dinitrophenates  art;  obtained,  sometimes  by  saturating  the  acid  with 
the  pure  base  or  its  carbonate,  sometimes  by  double  decomposition.  They  an*  yellow 
or  roseate  and  crj'stallisable.  They  all  dissolve  in  water,  and  in  this  form  impart  a 
strong  yellow  colour  to  animal  tissues.  Heated  s<jmcwhat  above  the  melting  point  of 
lead,  they  detonate  very  slightly,  with  emission  of  light.  Sulphuric,  hydrochloric  and 
nitric  acid  separate  the  acid  from  them. 

The  ammonium^aalt  crysmllises  from  boiling  water  in  long  thin  yellow  needles  having 
a silky  lustre.  By  sublimation,  yellow  shining  lamime  are  obtaintxl.  Very  sparingly 
soluble  in  water,  still  less  in  alcohol. 

'Vho  potaMium-aalt,  2C^H*K(NO^)*O.H’0,  forms  yellow,  shining,  six-sided  needles, 
with  angles  of  115®.  They  redden  when  heatiKl,  without  alteration  of  weight ; decom- 
pose and  become  opaque  below  100®  ; give  off  3*90  per  cent,  water  in  vacuo  at  100®; 
melt  at  a stronger  heat,  and  then  di*tonale.  They  dissolve  sparingly  in  cold  water, 
very  sparingly  in  cold  alcohol,  more  easily  in  hot  alcohol.  The  forms  yellow, 

silky  nceilles,  which  dissolve  pretty  easily  in  water. 

The  Inirium-aalt,  C'*H‘B:i"(NO*)*0^5H-0  crj'stallises  in  tliick,  roseate,  six-sided 
oblique  prisms  and  needles,  with  two  angles  of  the  lateral  edges  of  89®,  and  four  of 
135®  30'.  In  vacuo,  at  ordinary  tempemtures,  they  give  off  6*6  per  cent,  (2  at,)  and 
at  100®  altogether,  16*42  per  cent.  (5  at.)  water. 

The  ammunium-salt  mixed  with  chh/ride  of  strontium,  the  solutions  bedng  hot  and 
concentrated,  soon  forms  silky  necilles;  with  chloride  of  calcium,  granules  consisting 
of  needles ; with  almn,  nrc<lles.  It  dois  not  precipitate  the  salts  of  magnesium,  manga- 
nrse,  cadmium,  cobalt,  nickel,  or  copper,  or  mercuric  sal ta. 

Dinitrophtmate  of  Coleali  forms  brown-yellow,  right  rectangular  prisms,  with  di- 
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bodral  summits.  Its  brown  aqueous  solution  forms  with  ammonia  a yellow  precipitate 
which  molts  and  dotoimtes  when  heated.  The  copper^aalt  crystallises  in  yellow  silky 
needles,  whose  yellow  solution  forms  with  ammonia,  yellow  needles  sparingly  soluble 
in  ammonia  or  in  water. 

fyad-sa/ts. — The  neutral  salt  has  not  l>«'en  obtained.  A basic  had-salt,  2C'’II*Pb" 
(N0*)*0*.Pb"0,  is  formed  on  pouring  a boiling  alcoholic  solution  of  the  acid  into  a 
moderately  concentrated  boiling  alcoholic  solution  of  neutral  acetate  of  lead,  and 
crj’stallises  on  cooling  in  spherical  groups  of  microscopic  needles  having  a fine  yellow 
colour.  Another  basic  saltt  C'*H‘Pb"(N0*)*0*.4H^0,  is  obtained  on  i>ouring  dinitro- 
phenate  of  ammonium  into  a boiling  dilute  solution  of  neutral  lead-acetate.  It  is  one 
of  the  most  powerfully  detonating  of  all  salts.  The  ammonium-salt  forms  with  solution 
of  nitrate  of  silver  a reddish-yellow  precipitate,  or  in  case  of  greater  dilation,  ufb  r a 
while,  needles  which  dissolve  in  a Urge  quantity  of  water  or  alcohol.  (Laureut.) 

Dinitro'phfnic  cthers.^X.  Mrthytic  dhiitrojihcnatc  or  Dinitranisof, 
es  been  alrea^ly  describ<*d ; also  the  base  Mrthyf’nitroph^nidine 

or  Nitranisidinff  C^H\NO*)NO,  formed  from  it  by  the  action  of  sulphide  of  ammo- 
nium. 

Etht/lic  DinitrophcnaiCy  Dini/ropheneiot  or  Dinitrosalithfd,  C*H*N*0*  — C*Il*(C*H*) 
(N0*)^0,  is  obtained  by  treating  ethylic  phenate  (p.  391)  with  an  equal  volume  of 
fuming  nitric  aeid,  added  by  small  portions,  and  boiling  the  liquid  for  a few  minutes 
till  it  becomes  clear,  and  then  adding  water.  Dinitrophenetol  is  thereby  precipitated 
as  an  oil  which  ultimately  solidifies,  and  may  be  ciystallised  from  boiling  alcohol.  It 
crystallises  in  yellow  needles  very  much  like  dinitranisol.  When  cautiously  heated,  it 
sublimes  without  residue;  but  if  quickly  heated,  it  decomposes  with  ignition,  leaving 
an  abundant  deposit  of  charcoal.  Sulphide  of  ammonium  converts  it  into  ethyl- 
uitrophenidine,  C"II’®(NO*)NO. 

IMDltrobromopbeiilo  aeld«  C*H*BrN*0*  *=  C*IPBr(NO*)*0.  AV/roWme- 
phcjtf sic  acid.  (Laurent,  Ifrv.  scient.  ri.  65.) — This  acid  is  produced  by  dissolving 
dinitropheuie  acid  in  heated  bromine,  washing  the  crystals  which  separate  on  cooling 
with  a small  quantity  of  alcohol,  dissolving  them  in  boiling  ether,  and  leaving  the  solu- 
tion to  crystallise  in  a beaker  covered  with  paper.  It  is  sulphur-yellow,  transpsirent ; 
crystallises  from  ether  in  shining  monoclinic  prisms  having  the  angle  ooP  : ocP  = 106'^ 

30';  oP : »P  = 98®  30' From  boiling  water  or  alcohol,  it  separates  in  needles.  It  melts 

at  about  110®,  and  solidfii's  on  cooling  into  a laminar  fibrous  mass.  When  strongly 
heated,  it  distils  partly  undecomposod  and  leaves  a small  quantity  of  charcoal.  Per- 
manent in  the  air,  inodforous,  colours  the  skin  yellow,  like  picric  acid.  It  dissolves  very 
sparingly  in  boiling  water,  and  separates  almost  completely  on  cooling;  with  modenUo 
facility  in  boiling  alcohol,  more  easily  in  ether.  It  dissolves  also  in  warm  oil  of  vitriol 
and  crystallises  therefrom  in  fem-like  tufts. 

Decompositiona. — 1.  The  acid  is  not  decomposed  by  chlorine  in  the  cold  and  but 
slightly  when  heated. — 2.  By  boiling  nitric  acid  it  is  convert wl  into  picric  acid. — 3.  Its 
solution  in  warm  oil  of  vUrittl  decomposes  when  licated. — 4.  It.s  uqut'ous  solution  forms 
with  ferrous  sulphate  and  lime,  a blood-red  liquid,  with  precipiUttion  of  feiric  oxide. 

The  dinitrobromophenatos  are  yellow,  orange-coloured  or  red  ; crj’stallise  well ; 
resemble  the  picrates ; detonate  for  the  most  part,  like  those  salts,  when  heated,  but 
less  strongly,  and  in  a closed  space  with  emission  of  light;  they  dissolve  for  the  most 

Sart  in  water,  from  which  solution,  sulphuric,  hydrochloric  or  nitric  acid  separates  tho 
initrobromophenic  acid. 

The  ammonium-$alt  forms  yellow  eight-sided  needles  derived  from  a rhombic  prism. 
In  vacuo  at  100®  they  give  off  8*67  p<T  cent,  water,  and  186  per  cent,  more  at  a heat 
nearly  sufficient  to  volatilise  them,  and  then  sublime,  for  the  most  part  undeooin posed, 
in  yellow,  shining  right  rhombic  prisms,  with  latend  e<lges  of  45®  and  135®. — The 
potassium-salt  forms  y<'llow,  t-ilky  needl**s,  sparingly  soluble  in  water  and  alcohol. 

The  harium-eait,  C*U'*Br*Bu‘’(N0*)*0*.4H*0,  forms  dark  yellow  ncetllos,  wltich  dis- 
solve very  readily  in  water,  give  off  in  vacuo  at  ordinary  tempemturos,  7’5  per  cent. 
(3  at.)  water,  assuming  a scarlet  colour,  and  at  100®,  9’42  per  cent.  (4  at.)  in  all. 

The  calciuTH’Salt  forms  long  yellow  laminre,  which  are  oblique  rectangular  prisms. 
They  turn  about  on  recently  drit-d  paper  or  in  vacuo,  giving  off  wat<r  and  assuming  a 
scarlet  colour.  The  ammonium-salt  does  not  form  any  precipitate  with  chloride  of 
efnmtiujn,  ma^nrsium  or  manffanese. 

Lrad-fttlt. — When  a boiling  dilute  solution  of  the  nmmoninm-salt  is  poured  into  a 
boiling  dilute  solution  of  neutral  acetate  of  lea<l,  there  is  immediately  formed  an  omngc- 
yellow  precipitate  of  a basic  salt  conUing37  p<T  cent,  lead-oxide;  and  the  liquid  de- 
canted therefrom  after  some  seconds,  forms  pale  yellow  silky  neetlles  of  the  diplumbic 
salt  C'*U*Brirb"(NO^)'U^Pb''HO*,  which  give  off  3 3 per  cent.  (2  at.)  water  in  vacuo 
at  100®,  and  contain  44  0 per  cent  lead-oxide. — In  solutions  not  too  dilute,  the  am- 
monium-salt forms  with  lead-salts,  n heavy,  yellow,  crystalline  precipitate. 
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The  ammonium-Ball  forms  with  the  R;ilt8  of  cadmium,  cobalt,  nickel  and  copper,  ou 
addition  of  ammonia,  a prH?ipit*te  which  consists  of  needle-ehap<*d  particles,  scarcely 
Boluhlo  in  unmionia. 

With  nitrate  of  silver,  the  ammonium-salt  forms  n yellow  translucent  precipitate ; 
from  very  dilute  solutions,  the  silver-salt  is  depositwl  in  extremely  fine  filaments. 

»lnitrooiaoroptaenlo  aold.  C*I1'C1NK)‘  - C*H*C1(X0^)'0  (?.  Griess,  Ann. 
Ch.  rharm.  cix.  286.) — I’repured  by  passing  a moderately  strong  stream  of  chlorine 
into  about  a |>ound  of  phenol,  kept  at  a moderate  heat,  and  atiding  the  product  by  small 
portions  to  nitric  acid  of  ordinary  strength,  in  a capacious  porcelain  disln  The  action 
fx‘gins  in  the  ctdd,  and  is  attended  with  the  evolution  of  red,  intensely  irritating 
vapours,  .smelling  like  chloropicriu,  but  towanis  the  end  a gentle  heat  must  be  applii-d 
till  red  vapours  are  no  longer  given  ofif.  The  resulting  red  oily  mass,  consisting  chiefly 
of  diuitrochlorophenic  acid,  is  washed  with  water  to  free  it  fr»jm  excess  of  nitric  aci(i, 
and  from  oxalic  acid  formed  in  the  reaction,  and  then  treated  with  aqueous  ammonia  ; 
the  crystalline  magma  thus  produced  (consisting  chiefly  of  dinitr«3clilorophouate  of 
ammonium)  is  dissolved  in  hot  water,  and  quickly  filtered  ; the  y«  llow  needles  of  the 
ammonium-salt,  which  separuto  as  the  filtrate  cools,  are  once  r**crystallised,*  and  the 
solution  of  the  purified  salt  in  boiling  water  is  decomposed  by  dilute  nitric  aei<l. 

DinitrocMorophenicacid  thus  prepared  crystallises  in  light  yellow  anhydrou-s  lamime. 
It  is  but  slightly  soluble  in  hot  water,  and  separates  almost  completely  in  yellow  ]amiu;e 
on  cooling.  It  dissolvea  more  readily  in  alcofud  and  ether,  abundantly  also  in  hot 
hydrochloric,  nitric,  and  sulphuric  acids,  separating  from  these  solutions  on  cooling 
especially  on  addition  of  water,  in  nearly  colourles-s  lamina?.  It  melts  at  103®,  solidi- 
fying again  to  a radio-crysialliue  mass  at  95®,  and  sublimes  without  alteration.  In 
powder  or  in  vapour  it  excites  violent  coughing  and  sneezing ; it  tastes  intensely  bitter 
Lke  picric  acid,  and  colours  the  skin  yellow. 

The  acid  or  its  ammnnium-salt,  digestf<l  at  a gentle  heat  with  aqueous  stdpkide  of 
ammonium,  is  converted,  with  deposition  of  sulphur,  into  amidouitrochlorophenic 
acid,  C‘HV\H'0(NO*)GIO. 

The  dini  trochlorophenates  crj'stalliso  well;  they  are  all  sparingly  soluble  in 
water,  and  are  deposited  from  hot  aqueous  solution  on  cooling  in  retldish  or  yellow  crystals : 
they  detonate  when  heated.  The  amnwnium-salt,  C*H*(NII*)C1(N0*)*0,  crystallises  in 
shining  yellow  needles,  gr<*en  by  reflected  light,  and  be^ns  to  sublime  at  100®.  The 
potasstuiii-salt  forms  shining  orange-yellow  needles.  The  barium'Satt,  obtained  by 
saturating  the  aqueous  acid  with  carbonate  of  barium,  crystallises  in  delicate  yellow 
needU*8,  which  turn  re<l  in  rarefied  air  over  oil  of  vitriol,  and  then  contain 
C**H^lIa*'Cl*(N0®)*0*.H’0  : tho  red  crystals  recover  their  yellow  colour  on  exposure  to 
the  air,  and  the  salt  becomes  anhydrous  at  110®.  The  silver-salt  sep»aratc^i  on  adding 
nitrate  of  silver  to  a concentrateil  solution  of  the  ammonium-salt;  when  recrystallised 
it  forms  crimson  lamina?  with  green  irid«>cence,  which  upjKar  under  the  microscope  as 
oblique  rhombic  prisms.  ^Vith  copper  the  acid  upjH'urs  to  form  wveral  salts  : a solution 
of  recently-preparwl  cupric  oxide  in  tho  af|ueous  acid,  yields  on  cva£*onition  yellow 
needles  easily  soluble  in  water. 

Xrinltropbeiilo  or  Plorlo  aoid.  *=  C'H\XO*)?0.  Trinitrocar- 

iHilicacid.  t'arlja^otic  acid.  Niiropicric  acid.  Artificial  Indujo-Ultcr.  Kohlenstickstofi'- 
sdure.  Jaunc  amer  de  Welter. — This  acid  was  observed  hy  Hausmann  in  1788,  and 
afterwards  examined,  with  regard  to  its  com{K)8ition,  chiefly  by  Liebig  Ann. 

xiii.  191  ; xiv.  4C6 ; Ann.  Ch.  IMiarin.  ix.  80;  xxxix.  350),  Dumas  (Ann,  Ch.  Phys. 
liii.  178  [3]  ii.  228).  and  Laurent  {ihid.  [3|  Hi.  221). 

It  is  pro»Iuctrd:  1.  ily  the  action  of  heated  nitric  acid  on  phenic,  tribromopbenic.  and 
dinitn^phenic  acid,  also  on  tsaligenin,  salicylous  acid,  suliein,  salicylic  acid,  nitnisalicylic 
acid,  plilorizin,  extract  of  willow-bark,  indigo,  eoumariu,  aloes,  benzoin,  the  resin  of 
xiinthtrrh(xa  hastilis,  resin  of  Peru  balsam,  and  silk. — 2.  By  boiling  triuitrauisol  with 
potusli-ley.  (C  a h o u r 8. ) 

Preparation. — 1.  From  Phenol. — The  brown  re.sinous  masses  precipitated  during  tho 
preparation  of  dinitrophcnic  acid  (p.  397),  are  united  with  tho  mass  obtained  by 
precipitating  with  nitric  acid  the  mother-liquors  of  dinitrophenato  of  ammonium  ob- 
tained in  the  same  process;  the  united  mass  is  heated  to  tne  boiling  point  in  a basin 
with  comnnrcml  nitric  acid  ; the  acid  liouid  decjinted  after  cooling;  the  residue  wash  oil 
with  a small  quantity  of  cold  water,  an«l  boiled  with  very  dilute  ammonia;  the  filtrate 
nqvatedly  evaporated  to  the  crystallising  point;  the  resulting  picrate  of  ammonium 
purified  by  ciystallisation  from  Wling  alcohol ; and  the  l>eautiful  needles  of  tliis  salt 
treated  with  nitric  acid  to  separate  the  picric  acid,  the  quantity  of  which,  thus  obtaine<l, 

• The  molher-liqu  T retsin*  in  solution  the  Ammonii)ni-t.iU  of  anoihor  »cid  formed  ditrina  tt>e  alwre 
reaction.  Htid  if  miut'd  while  ttiH  hot  wiih  hjrdriK-liloric  aciil,  deposits  this  acM  as  a vistiiloil,  wiiich 
uliimatel}-  sohdifles.  It  melts  >-asilj,  ami  is  converted  hr  sulphitle  of  am  noniu'n  Into  an  amido-Mid. 

Niirodichluro|ilunic  acid  (p-  31*7)  dues  not  apt  ear  to  be  fornn  d in  this  re.iction. 
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LS  greater  as  the  quantity  of  dinitrophenic  acid  was  loss.  Tho  impure  dinitrophonic 
acid  may  also  be  converted  into  picric  acid  by  boiling  it  with  nitric  acid,  and  reorys- 
tallising  from  alcohol  tho  portion  which  separates  out  (Laurent).  Picric  acid  may, 
however,  be  more  advantageously  prepared  from  pure  crystaliistMl  phenol,  which  is 
now  manufactured  iu  large  quantities  from  coal-tar;  this  is  in  fact  tho  mode  of  pre- 
paration now  most  gonomlly  adopted.  100  pta  of  crystallised  phenol,  treated  with 
nitric  acid,  yield,  according  to  Perra  (Dingl.  poL  J.  clxv.  386),  from  90  to  100  pta.  of 
picric  acid. 

2.  From  Salicin. — This  substance,  treated  with  nitric  acid,  yields  remarkably  pure 
picric  acid;  pklorinn  yields  much  less  picric  than  phloretic  acid.  (Marc hand.) 

3.  From  Indigo. — 12  to  13  pts.  of  nitric  acid  of  specific  gravity  P43  are  heated 
nearly  to  tho  boiling  point  in  a capacious  glass  flask ; 1 pt.  of  the  best  East  Indian 
indigo  iu  coarse  powder,  is  added  in  small  portions,  each  addition  being  made  as  soon 
as  the  last  portion  has  disappeared;  the  red-brown  liquid  is  concentrated  by  boiling 
till  it  becomes  thickish  and  lighter  in  colour ; 3 pts.  more  nitric  acid  are  ad<led  in  case 
the  liquid  still  gives  off  nitrous  acid,  and  the  boiling  is  repeated ; the  mother-liquor 
is  decanted  from  the  hard,  yellow,  translucent  crystals  which  form  on  cooling;  these 
crystals  are  washed  with  cold  water  and  dissolved  in  a sufficient  quantity  of  boiling 
water ; the  oily  drops  of  artificial  tannin  which  then  rise  to  the  surface  arc  removed 
with  filtering  paper;  the  solution  is  filtered  and  left  to  cool ; the  yellow  shining laminm 
of  picric  acid  which  separate  aro  removed  from  the  mother-liquor,  again  dissolved  in 
boiling  water,  and  neutralised  with  carbonate  of  pota.sstum ; the  potassium-aalt 
which  separates  on  cooling  is  purified  by  repeated  crystallisation,  then  dissolved  in 
boiling  water ; and  the  liquid  is  mixed  with  sulphuric,  hydrochloric,  or  nitric  acid, 
whereupon  the  picric  acid  crystallises  out  on  cooling.  An  additional  quantity  of  the 
potassiam-salt,  requiring,  however,  further  purification,  may  be  obtained  from  the  first 
mother-liquor  by  precipitating  therefrom  a large  quantity  of  brown  matter  by  addition 
of  water,  then  dissolving  it  in  boiling  water,  neutralising  with  carbonuU*  of  poUtssium, 
and  cooling  Four  parts  of  indigo  should  yield  1 pt.  of  picric  acid.  Sometimes  tho 
solution  of  indigo  in  nitric  acid  does  not  yield  any  crystals;  it  must  then  be  evaporated 
down,  mixed  with  water,  and  the  acid  separated  from  the  brown  precipitate  as  alx>ve. 
The  liquid  above  the  precipitate  likewise  yields  picric  acid,  when  evaporated,  boiled 
with  nitric  acid,  neutralist  with  potash,  &c.  (Liebig).  Altogether,  however,  tho 
preparation  of  picrie  acid  from  indigo  is  not  to  be  recommended. 

4.  From  the  yellow  reein  of  Xanthorrhaa  haetilU. — The  resin  is  dissolved  in  the 
requisite  quantity  of  strong  nitric  acid,  whereupon  red  vapours  are  evolved,  with  violent 
fix^bing,  and  a dark-red  solution  is  formed  which  becomes  deep  yellow  after  boiling. 
This  solution  is  evaporated  over  the  water-bath  ; the  remaining  yellow  crystalline  mius.<t, 
which,  together  wito  picric  acid,  contains  small  quantities  of  oxalic  and  nitrobenzoic 
acids,  is  neutralised  with  potash ; and  the  picrate  of  potassium  is  purified  by  two  crystal- 
lisations, and  then  treated  with  hydrochloric  acid,  which  separates  the  picric  acid,  to 
be  further  purified  by  two  crystallisations,  and  amounting  to  50  per  cent,  of  the  re.sin 
used  (Stenhouse).  This  is  one  of  the  best  modes  of  preparation  (see  Carey  Lea, 
Silt  Am.  J.  [2]  xxvi.  279;  Jahresb.  1868,  p.  414). 

6.  From  Benzoin. — 1 pt,  of  benzoin  (from  which  the  benzoic  acid  may  be  previously 
extracted  by  alkalis)  is  gently  heated  with  8 pts.  of  commercial  nitric  acid;  the 
mixture  distilled,  with  four  times  repeated  cohobation,  after  the  effervescence  has 
ceased  ; and  the  liquid,  after  decantation  from  the  resin,  mixed  with  four  times  its  bulk 
of  water,  filtered  ^m  the  precipitated  yellow  powder,  and  neutmliscd  while  hot  with 
carbonate  of  potassium:  it  then  yields  crystals  of  picrate  of  potassium  on  cooling. 
(£.  Kopp,  Ann.  Chim.  Phys.  [3]  xiiL  233.) 

6,  From  Bilk. — 1.  When  1 pt.  of  silk  is  distilled,  with  frequent  cohobation,  with 
6 pts.  of  nitric  acid,  a solution  is  obtained  which,  by  evaporation  and  cooling,  yields 
crystals  of  picric  and  oxalic  acids  (Welter). — 2.  Liebig  uses  12  pts.  of  nitric  acid  ; 
neutralises  the  residue  in  the  retort  with  carbonate  of  potassium  ; purifies  the  crystals 
of  potassic  picrate  by  recrystallisation ; and  precipitates  the  acid  from  their  solution  by 
nitric  acid.  The  product  from  silk  is  however  much  smaller  than  that  which  is 
obtained  from  indigo. 

7.  From  Aloes. — 1 pt  of  aloes  is  heated  with  8 pts.  of  strong  nitric  acid  till  violent 
action  takes  place ; the  fire  is  then  removed ; the  mixture,  after  the  gas-evolution  has 
ceased,  is  introduced  into  a retort ; the  greater  part  of  the  acid  liquid  poured  off ; tho 
residue  distilled  with  3 or  4 pts.  of  fresh  nitric  acid,  which  still  causes  a slow  evolution 
of  nitric  oxide,  till  the  greater  part  of  the  nitric  acid  is  decomposed  or  volatilised;  the 
residue  diluted  with  water,  which  separates  tho  chrysammic  and  aloetic  acids  still  re- 
maining undecomfjosed ; and  the  yidlow  filtrate  after  being  evaporated,  to  remove  lh«» 
greater  j»art  of  tho  nitric  acid,  is  neutralised  with  milk  of  lime:  pure  picric  acid  may 
then  bo  precipitated  from  the  filtrate  by  nitric  aciiL 
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8.  From  Trinitranisoi. — TrinitranljK))  is  boiled  for  a few  minutes  with  modcratefr 
strong  potash  ; wster  is  added  till  all  the  resulting  potassium  salt  is  dissolved ; the  salt 
mllowcu  to  crystallise  by  cooling;  and  the  acid  M'paratef)  therefrom  by  boilii^  dilute 
nitric  acid : it  then  separates  on  cooling  in  yellow  shining  needles,  and  may  be  purified 
by  washing  with  cold  water,  and  crystallisation  fiomboi^g  water.*  (Cahonrs,  Ann. 
Cb.  Phys.  [3]  XXV.  26.) 

Purijication. — The  conversion  of  crude  picric  acid  into  a potassiura-salt  affords  a very 
convenient  mode  of  purification  on  the  small  scale,  as  the  salt  is  but  very  slightly 
soluble  in  cold,  though  readily  soluble  in  boiling  water.  But  in  c^ieniting  on  a large 
scale,  the  filtration  of  this  salt  presents  great  difficulties,  as  the  liquids,  even  when  boil-> 
ing  and  contained  in  heated  funnels,  have  a great  tendency  to  crystallise  on  the  filters, 
which  they  then  rapidly  choke.  Several  manufacturers  therefore  prefer  converting  the 
crude  acid  into  a sodium-aalt,  by  saturating  the  boiling  solution  with  sodic  carbonate, 
taking  care  to  avoid  an  excess,  as  that  would  dissolve  the  yellow  n'sinoua  matter  with 
whicli  the  acid  is  contaminateii  The  boiling  liquors  are  filtered  to  separate  this  resin, 
and  the  filtrate  is  mixed  with  a further  quantity  of  sodic  carbonate.  This  causes  the 
bulk  of  the  sodic  picrate  to  crystallise  out,  aa  the  salt  is  nearly  insoluble  in  solotiona 
containing  an  excess  of  alkaline  carbonate.  The  anialt  quantity  of  picric  acid  still 
remaining  in  the  mother’liquurs  may  be  precipitated  by  adding  a potassium-salt. 

The  crystallised  picrate  of  sodium  Uius  obtained  is  then  dissolved,  and  its  boiling 
solution  is  decomposed  by  an  excess  of  sulphuric  acid.  The  picric  acid  thus  sepamtetl, 
being  nearly  insoluble  in  the  rootberdiquora  containing  the  acid  sulplmte  of  sodium, 
crystallises  out  almuHt  entirely  on  cooling;  and  after  dmining,  washing  with  a little 
cold  water,  and  pressing,  is  almost  chemit^ly  pore.  {Hofmann*  Report,  p.  136.) 

Proprrtie*. — Picric  acid  cystallisea  in  light  yellow,  strongly  shining  lamime 
(Liebig),  in  yellowish  octahedrons,  often  very  much  truncated  on  two  of  their 
Bummit.s  (Welter);  yellowish-white  needles  and  granules  (Chevreul).  ThecrystaU 
belontr  to  the  trimetric  aystem.  Angle  oeP  : ocP  — 116®  30'  ; P : P = 108®; 

: ocFx  a>126®  (Laurent).  The  acid  melts  when  slowly  heated,  forming  a brownish- 
yellow  oil,  which  solidifies  in  a crystalline  muss  on  cooling.  When  slightly  heated  in 
contact  with  the  air,  it  volatilises  undecomposed ; at  a higher  tem{)eratare,  it  boils  and 
gives  off's  thick,  yellow,  suff'ocatiug,  irritating,  and  intensely  bitter  vapour,  and  sub- 
limes in  small  yellowish- white  needles  and  scales,  or  passes  over  as  a brown  liquid 
which  crystallises  on  cooling.  It  tastes  very  bitter  and  somewhat  harsh  and  sour,  and 
reddens  litmus.  The  impure  acid  from  indigo  in  doees  of  1 to  10  grains,  kills  rabbits 
and  dogs,  with  delirium  and  convulsions. 

Picric  acid  dissolves  in  160  pts.  of  VKiier  at  6®,  in  86  pts.  at  15®,  in  81  pts.  at  20®, 
in  77  pts.  at  22  5®,  in  73  pts.  at  2G®,  and  in  26  pts.  at  77®  (Marchand).  The  solu- 
tion has  a deeper  colour  tlnm  the  solid  acid,  and  im{Nirts  a strong  yellow  stain  to  the 
skin  and  other  animal  tissuiw. 

Water  containing  only  of  picric  acid  is  distinctly  yellow ; with  ®f 
the  colour  is  still  perceptible  in  a stnUum  an  inch  di*ep,  and  in  larger  masses  to  a still 
greater  degree  of  dilution.  (Carey  Lea.) 

}*icric  Hci<l  is  likewise  easily  soluble  in  alcohol  and  in  ether.  It  dissolves  in  warm 
concentrated  iulphuric  acid,  and  is  precipitated  therefrom  by  water  unchanged,  and  ac- 
cording to  D'a,  in  square  laroine  belonging  to  the  trimetric  system.  A cold  saturated 
solution  of  picric  acid  mixed  with  2 to  4 vol.  of  dilute  sulphuric  acid  (1  vul.  oil  of 
vitriol  to  1 vol.  water)  remains  nearly  or  quite  colourless,  without  separation  of  picric 
acid:  with  J orj  vol,  sulphuric  acid,  nt^ariy  all  the  picric  acid  ia  precipitated  (Carey 
Lea).  Strong  nitric  acid  dissolves  picric  acid  io  large  quantity. 

D compofitions. — 1.  The  acid  wlien  strongly  hratt^,  gives  off  acrid  and  very  bitter 
vapours,  which  condense  as  a sublimate  on  c(dd  bodies  ; when  quickly  heated  in  a retort, 
it  decoroiioses  with  explosion,  giving  off  nitrogen,  nitric  oxide,  water,  carbonic  anhy- 
dride, hydrocyanic  acid,  and  a combustible  gas,  and  leaving  a carbonaceous  residue. — 
2.  By  chlorine  gas,  aqueous  chloride  of  lime,  or  a mixture  of  hydrtKhloric  acid  and 
chlorate  of  poianaium,  it  ia  resolved  into  chloropicrin  and  percbloroquinone 
(chloranil) ; also  by  hot  nitromnriatic  acid  ; by  bromine  and  water,  into  bromopicrin 
and  perbromoquinone.  It  is  also  converted  into  bromopicrin  by  distillation 
with  hgpobromite  of  barium  (Stenhouse,  Phil.  Mag.  [4]  viii.  363). — 3.  When  gently 
heated  with  a mixture  of  peroxide  of  manganese  and  sulphuric  acid  it  gives  of  nitrous 
vapours. — 4.  Boiled  with  a strong  solution  of  caustic  potash,  it  gives  offa  large  quantity 
of  ammonia,  and  forms  a brown  solution  from  which  alcohol  extracts  a yellow  salt 
crystallising  in  needles.  Picric  acid  ia  likewise  altored  by  prolonged  eb^lition  with 
baryta-tcater. 

* Th«  acids  obtained  bj  thU  and  lh«  preceding  pr^eii  were  at  flrit  regarded  as  Isomeric,  but  not 
Idcntica),  with  picric  acid,  the  acid  from  aloes  being  c tlleil  chrjf9oiep>€  arid  (Schunck),  and  that  from 
tfiiilcraitisol.  ^^ci'Aiaisv  oerVf  (Cahours) ; but  Uter  e»pertinen(s  have  shown  that  both  these  acids  are 
Ideiiticat  with  picric  aetd,  the  difference  fortnarly  obser*c«l  having  been  due  to  iinpuriiiea. 


TRINITROPHENIC  OR  PICRIC  ACID.  403 

5.  When  picric  add  is  digested  with  a solution  of  ferrous  sulphate  and  an  excess  of 
caustic  baryta  or  liuie,  a red^brown  mass  is  formed  containing  picramic  acid 
(Wohler’s  nitrohiematic  acid): 

OH>(N0*)*0  + 6FeO  + H»0  - C»H^X(X0*)^0  + 3FeW 

Picric  acid.  Picr>imi€  acid. 

Picric  acid  is  also  reduced  to  picramic  acid  by  ferrous  chloride  and  acetate ; cuprous 
chloride^  nascent  hydrogen,  and  by  the  sulphides  of  ammonium  and  of  the  jixed  alkali- 
metals  ; most  readily  by  passing  sulphydric  acid  gas  through  a saturated  alcoholic  solu- 
tion of  picric  acid  neutralised  with  ammonia.  (Girard,  Ann.  Cb.  Pharm.  IxxxWii. 
281.) 

4.  Picric  acid  treated  with  tin  and  hydrochlorio  acid  is  converted  into  a crystalline 
double  salt  of  stannous  chloride  and  hydrochlorate  of  picramine,  (Roussin, 

Bull.  Soc.  Chim.  1861,  p.  60  ; — Beilstein,  Ann.  Ch.  Pharm.  exxx.  244): 
C*H“(N0»)»0  + Sn»  + 23HC1  - C*H»N>.3HCLSnCl»  + 9SnCl*  + 7H*0. 
The  same  base  is  obtained  as  a h^driodate  by  the  action  of  iodide  of  phosphorus  on  a 
saturated  aqueous  solution  of  picric  acid  (Lautemann,  Ann.  Ch.  Pharm.  exxv.  1): 
C«H»(N0»)*0  + 23HI  = C*H*N*.3ni  + I»  + 7H*0. 

6.  Picric  acid  treated  with  cyanide  of  potassium  in  the  state  of  hot  concentrated 
aqueous  solution  assumes  a deep  blood-r^  colour  and  is  converted  into  isopurpuric 
acid  (Hlasiwetz;  Beilstein,  iii.  433): 

CH*(N0*)-0  + 3CNH  + HK)  « + CO*  + Nil*. 

According  to  Carey  Lea  (Jahresb.  1858,  p.  415)  picric  add  is  converted  into  picramic 
acid  by  me  action  of  cyanide  of  potassium ; but  this  statement  is  contradicted  by 
Hlasiwetz  and  Beilstein  (Jahresb.  1859,  p.  458). 

6.  Peniachloride  of  phosphorus  acts  violently  on  picric  acid,  forming  chloride  of 
trinitrophenyl  or  cbloropicryl  (Pisani,  Compt.  rend,  xxziz.  852) : 

C*H*(N0*)*0  + pa*  = C*H\NO*)»a  + PC1*0  + HCl, 

7.  Chloride  of  bencoyl  heated  with  picric  acid  converts  it  into  benzoate  of  tri- 
Ditrophenyl  or  trinitrobenzopnenide  (i.  554). 

8.  A mixture  of  alcohol,  sxdphuric  acid  and  picric  acid  appears  to  yield  pic  rate  of 
ethyL  (Mitscherlicb.) 

Detection  of  Picric  Acid. — As  reagents  for  the  detection  of  picric  acid,  Carey  Lea 
recommends  an  ammoniacal  solution  of  cupric  sulphate,  a solution  of  sulphide  of  potas- 
sium mixed  with  excess  of  alkali,  and  of  cyanide  of  potassium  with  ammonia.  The 
first  produces  a greenish  precipitate,  the  other  two  when  heated  with  the  aqueous  acid 
become  red,  or  in  case  of  very  great  dilution,  yellow. 

Osfs  of  Picric  acid. — Pierie  acid  is  used  for  dyeing  silk  and  wool,  especially  the  for- 
mer, of  a yellow  colour.  Its  colouring  power  is  very  considerable,  and  it  exhibits  a great 
affinity  for  azotised  substances.  The  colour  resists  the  action  of  light  very  well,  but 
is  somewhat  affected  by  washing,  especially  with  soap.  Its  stability  is  increased  by 
mordanting  the  silk  and  wool  with  alum. 

Cotton,  hemp  and  flax  do  not  exhibit  any  affinity  for  picric  acid ; this  acid  may  therc- 
ibre  be  employed  for  distinguishing  silk  and  wool  from  cotton  and  flax.  For  this  pur- 
pose the  tissue  is  immeisea  in  a hot  solution  of  picric  acid  and  then  washed  with  water ; 
the  threads  of  silk  and  wool  then  assume  a deep  yellow  colour,  while  those  of  cotton 
and  flax  remain  perfectly  colourless. 

The  isopurpurate  of  potassium  produced  by  the  action  of  cyanide  of  potassium  on 
picric  acid  yields,  when  treated  with  sal-ammoniac,  an  ammonium-salt  possessing  the 
external  characters  of  murexide  (purpurate  of  ammonium,  q,  v.),  and  acting  exactly 
like  that  compound  when  applied  to  dyeing. 

The  colourra  compounds  produced  by  the  action  of  ferroos  and  stannous  salts  on 
picric  acid  have  not  yet  been  applied  to  any  practical  purpose. 

PiCBATBS. — Picric  acid  is  monobasic.  The  metallic  picrates  are  mostly  crystallisablo, 
bitter,  and  of  yellow  colour.  They  explode  when  strongly  heated,  especially  in  close 
vessels.  By  precipitating  solutions  of  heavy  metallic  salts  with  alkaline  picrates, 
Carey  Lea  (Sill.  Am.  J.  [2]  xxxi.  78)  has  obtained  compounds  of  metallic  picrates 
with  ammonia.  The  silver-salt  contains  2NH*  C*H’Ag(N0*)*O ; the  copper  ana  cobalt 
compounds  are  represented  by  the  formula  4NH*.C'*H*M"(N0*)*0*;  the  zinc  and 
cadmium  compound  by  the  formula  3NH*.C'*n*M"(N0*)*0* 

Pic  rate  of  Aluminium  separates  after  some  days  fiom  a mixture  of  the  hot  solu- 
tions of  chloride  of  aluminium  and  picrate  of  ammonium,  in  stellate  groups  of  crystals 
which  are  permanent  in  the  air.  (Carey  Lea,  SilL  Am.  J.  [2]  xxvi.  279.) 

Picrate  of  Ammonium^  crystallises  in  yellow  four-,  six- 
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and  eight*8ided  prisms,  belongiog  to  the  trimetric  system,  and  exhibiting  the  combins>> 
tion  »P  . oof’ 00  . ocf«  . P.  Angle  ooP  : acp  ss  111®  : xP  : xP  ® » 146®  > 
P : P (terminal)  ««  135"^;  P : P (basal)  «■  1 15®  (Laurent,  Rev.  Scient.  ix.  26).  It 
is  moderately  soluble  in  water,  sparingly  in  alcohol. 

Picrate  of  Barium^  C**H'Ba'*(N0*)*0*.6H*0,  crystallises  in  monocHnic  prisms 
of  deep  yellow  colour  (yellow  with  red  terminal  faces,  according  to  Lea),  very  soluble 
in  water,  fusible  and  explosive.  The  crystals  contain  1116  per  cent,  water  oi  crystal- 
lisation, the  greater  part  of  which  is  given  off  at  100® 

Picrate  of  Cadmium  separates  from  the  solution  of  the  carbonate  in  hot  aqueous 
picric  acid,  in  larro  rhombic  pnsms,  isomorpbous  with  the  ferrous  and  manganoas  salta 
tin/ra),  very  soluble  sod  efflorescent ; the  aqueous  solution  when  boiled  for  some  timo 
aeposits  a brown  powder.  (Lea.) 

Picrate  of  Calcium  forms  prisms  more  soluble  than  the  barium-  and  strontium- 
salts. 

Picrate*  of  Chromium,  CAromous  acetate  dissolves  in  aqueous  picric  acid,  form- 
ing a brown  Liquid  which  dries  up  to  an  amorphous  mass.  BmIc  chromic  carbouate 
dissolves  in  aqueous  picric  acid  forming  a gmnish  solution  which  also  dries  up  to  an 
amorphous  mass ; but  by  exactly  precipitating  a solution  of  violet  chromic  s:^phate 
with  picrate  of  barinm,  and  leaving  the  filtrate  to  evaporate,  small  greenish  needle- 
shaped  crystals  are  obtained.  (Lea.) 

Picrate  of  Cobalt^  C'*H*Co''(N0*)*O*  5H*0,  forms  dark  brown  needles  which  mell 
and  give  off  ^l  their  water  of  crystallisation  (14  4 per  cent.)  between  100®  and  110®. 
(M  archand.) 

Picrate  of  Copper^  C'*H*Cu"(N0*)^*.6H*0. — When  carbonate  of  copper  is  dis- 
solved in  boiling  aqueous  picric  acid,  the  solution  evaporated  to  dryness,  and  the 
residue  tnated  with  boiling  absolute  alcohol,  neutral  cupric  picrate  dissolves,  while  ti 
basic  salt  remains  behind.  The  neutral  salt  forms  small  green  shining  needles, 
efflorescent  and  melting  at  100®  (Marchand).  On  adding  an  ammoniacal  solution 
of  cupric  sulphate  to  an  alkaline  picrate,  a copious  greenish-yellow  precipitate  is 
formed  which  is  resolved  by  water  into  cupric  oxide  and  picrate  of  ammonium. 
(Lea.) 

Picrate  of  (r/uctnum  separates  in  golden-yellow emsts on  eviiporating  a solution 
of  carbonate  of  glocinnm  in  hot  aqueous  picric  acid.  (Lea.) 

Picrate*  of  Iron. — The  ferrou*  salt  forms  greenish-yellow  crystals,  isomorphous 
with  the  manganous  salt.  The  ferric  *alt  is  obtained  in  yellowish-red  prisms  and 
yellow  needles  by  exactly  precipitating  a solution  of  picrate  of  barinm  with  ferric 
sulphate,  and  leaving  the  filtrate  to  evaporate.  Aqueous  picric  acid  dissolves  but  a 
small  quantity  of  ferric  hydrate,  even  at  toe  boiling  heat.  (Lea.) 

Picrate*  of  Lead, — The  neutral  *alt^  C'*H*Pb"(NO*)*0*,  is  obtained  in  the  form 
of  brown  needles  moderately  soluble  in  water,  during  the  cooling  of  a boiling,  slightly 
acidulated  mixture  of  an  alkaline  picrate  and  acetate  of  lead.  (£.  Kopp,  Ann.  Ch. 
Phys.  [3]  xiiL  233.) 

Basic  sait*. — a.  dj  precipitating  a dilute  and  boiling  solution  of  neutral  lead-acetate 
with  picrate  of  ammonium  containing  a large  excess  of  ammonia,  a deep  yellow  powder 
is  obtained,  composed  of  rectangular  prisms  and  containing  C**H*Pb‘'(N0*)‘0*.4Pb"0. 
— j3.  A mixture  of  picrate  of  ammonium  and  slightly  acidulated  acetate  of  lead  yields 
on  addition  of  ammonia,  a light  yellow  precipitate,  which  when  left  at  rest,  oiianges  to 
a mass  of  shining  scales,  soft  to  the  touch  like  talc,  and  containing  C**H*Pb''(NC^)*0*. 
2Pb"0.3n*0  (M  archand). — y.  A boiling  mixture  of  picrate  of  ammonium  and  acetate 
of  lead  deposits,  according  to  Laurent,  small  dark  yellow  rhomboidal  tables  apparently 
containing  C'*II«Pb"(N0*)«0*.Pb"H*0» 

A.  picro-acciate  of  lead,  C‘*H*Pb*(N0*)*0*.C^H*Pir0*.4H*0  (Marchand\  is  de- 
posited in  light  yellow,  very  brillisnt  rhomboidal  tablets,  when  a boiling  mixture  of 
potassic  picrate  and  an  excess  of  lead-acctate  is  left  to  cool.  This  compound  gives  off 
acetic  acid  when  dried. 

Picrate  of  ^agne*ium  forms  long  flattened  needles,  of  yellow  colour,  very 
soluble  in  water,  nearly  insoluble  in  boiling  alcoliol,  and  apparently  containing  6 at, 
water  of  crystallisation.  (Marchand.) 

Picrafe  o/ jVan^awesf,  C**H*Mn'‘(N0*)*0*.8H*0  (Marchand). — A solution  of 
manganous  carbonate  in  hot  aqueous  picric  acid  crystallises  by  slow  evaporation  in 
large  rhombic  crystals  exhibiting  the  combination  xPx  . xPoo  . xP  . oP,  and 
appearing  pale  yellow  in  the  direction  of  the  principal  axis,  reddish  in  every  other 
direction  (Lea).  According  to  Marchand,  the  crystals  quickly  give  off  3 at.  water  on 
exposure  to  the  air  and  4 at.  more  at  130^. 

Picrate*  of  Mercury. — The  mercuric  salt  is  deposited  in  small  yellow  prisms 
very  slightly  soluble  in  cold  water,  during  the  cooling  of  a boiling  mixture  of 
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tnefeurous  nitrate  and  picrate  of  potassium  (Liebig).  The  mfreuric salt  separates 
from  a solution  ef  mercuric  oxide  in  aqueous  picric  add.  in  orange<KX>loured  shining 
nmllee,  which  effloresce  and  turn  yellow  on  ex{)osure  to  the  air.  (Lea.) 

Piers  ie  o/Nickrl,  C‘*H^Ni"(N0*)*0*  8H*0,  is  obtdnod  by  S{wntAneou8  evapora- 
tion of  a solution  of  hydrate  or  carbonate  of  nickel  in  aqueous  picric  add,  in  green, 
dichroic,  efflorescent  (uystals,  very  soluble  in  alcohol.  tMarchand.) 

Pierate  of  Potassium^  C*H*K(N0’)*0,  isobtained  by  neutralising  a hot  aqueous 
solution  of  picric  acid  with  potash,  or,  according  to  Liebig,  in  the  state  of  grrateet 

furity  by  digesting  an  aqueous  solution  of  potassic  chloride  with  mercurous  pierate. 

t ciystaUisee  in  yellow  ibombic  prisma,  usually  with  a metallic  reflex.  Observed 
combination  cdP  . c»f  oo  . "Poo . Angle  ooP  : odP  =•  110^  15'  30";  Poo  : Poo  in  the 
brachydiagonal  principal  section  » 139^25’.  Ratio  of  vertical  to  horizontal  axes  « 
1 : 2*70456  : 1*88469  (Laurent,  Rev.  sdent.  x.  26).  It  is  but  slightly  soluble  in 
water,  requiring  for  solution  at  least  260  pts.  water  at  15°,  and  14  ptA  ^boiling  water; 
insoluble  in  alcohol.  Hence  picric  acid  forms  a precipitate  in  solutions  of  potassium- 
salts  if  not  too  dilute,  especially  on  addition  of  alcohol.  ^Vhen  heated,  it  assumes  an 
orange  colour,  but  be^mes  yellow  again  on  cooling;  when  strongly  heated,  it  decom- 
poses with  detonation. 

Pierate  of  Silver^  C*H*Ag(NO*)K),  forms  fine  yellow  shining  needles  very  soluble 
in  water. 

Pierate  of  Sodium  forms  slender  shining  yellow  needles,  soluble  in  10  to  14  pts. 
of  water  at  15°,  and  detonating  rather  strongly  at  a high  temperature.  According 
to  Lea,  an  alcoholic  solution  of  picric  add  forms  a precipitate  after  a while,  in  alkaline 
solutions  of  sodium-salts,  wheu  not  very  dilate:  hence  picric  acid  cannot  be  depended 
upon  as  a test  for  distinguishing  between  potassium  and  sodium. 

Pierate  of  ^^ronfiuf^  C‘*H*Si^(N0*)*0*.5H*0,  forms  hard,  shining,  yellow 
OTystals,  moderately  soluble  in  cold  water,  very  slightly  soluble  in  boiling  absolute 
alcohoL  It  detonates  when  heated. 

Pierate  of  Zine,  C**H*Zn''(NO*)^*.7HK)?  forms  beautiful  rhomboidal  prisms, 
efflorescent,  very  soluble  in  water  and  in  alcohoL  It  gives  off  8 per  cent,  water  in  dry 
air,  at  ordinary  temperatures,  and  14  per  cent  (in  all)  at  140°. 

PicmxTss,  Alcoholic.  Picbic  ETHBBS.^The  only  known  compound  of  this  class  is 
the  pierate  of  ethyl,  which  is  produced,  according  Mitscherlich,  by  boiling  an  alcoholic 
solution  of  picric  acid  contdmng  a little  sulphuric  acid  for  severd  hours,  then  adding 
ammonia  and  water.  The  product  crystallises  in  scales  baring  a faint  yellow  colour, 
melts  at  94°,  and  begins  to  boil  and  decompose  at  300°.  It  is  inodorous,  but  has  a 
biting  and  bitter  taste.  It  is  sparingly  soluble  in  cold,  more  soluble  in  hot  alcohol 
(Mitscherlich,  J.  pr.  Cbem.  xxii.  195).  Erdmann  (ilnd.  xxxvii.413)  was  not  able 
to  prepare  picric  ether  by  the  process  jurt  described. 

PicHATBs  or  Oboahic  Basis.  (See  the  several  Basb.) 

PicRATBs  OP  HTT>BOCABBONS.~CrystalIine  oompouods  of  picric  acid  with  benzene, 
naphthalene,  and  other  hydrocarbons,  have  been  obtained  by  Fritzsche  (J.  pr.  Chem. 
Ixxiii.  212  ; Jabresb.  1857,  p.  456). — A hot  saturated  solution  of  picric  acid  in  benzene 
yields  shining  light  yellow  rhombic  crystals  of  the  compound  which 

remains  transparent  in  an  atmosphere  of  benzene,  but  when  exposed  to  the  air  im- 
mediately begins  to  give  off  benzene,  and  is  ultimately  reduced  to  a brittle  mass  of 
crystals  of  picric  acid.  The  compound  molts  between  85°  and  90°  to  a light  yellow 
liquid.  It  dissolves  without  decomposition  in  alcohol  and  ether,  but  cannot  be  crystal- 
lised therefrom.  Water  abstracts  picric  acid  from  it,  the  whole  of  the  benzene  then 
volatilising  at  the  boiling  heat. 

Pierate  of  Naphthalene,  C'*H*.C*H*(NO*)*0,  separates  from  a hot  alcoholic  solution 
of  the  two  subst.vnces  in  gold-yellow  needles,  which  after  being  rinsed  with  a little 
alcohol,  may  bo  dried  in  the  air  between  paper.  Cold  alcohol  or  benzene  may  also  be 
used  as  the  solvent.  The  compound  melts  at  149°,  dissolves  without  decomposition  in 
alcohol,  ether,  and  benzene,  and  is  but  slowly  decomposed  by  boiling  water. 

Pierate  of  Anthracene,  has  been  already  described  (p.  351). 

The  formation  of  these  compounds  may  serve  for  the  separation  of  hydro^rbonsone 
from  the  other.  Fritzsche  found  that  coal-tar  oil  boiling  at  150°,  and  free  from 
acid  and  alkaline  products,  gave  with  picric  acid  un  immediate  and  abundant  pre- 
cipitate of  yellow  needle'shai^  crystals  containing  only  one  hydrocarbon,  viz.  naph- 
thalene, on  further  addition  of  picric  acid,  a cr)'8tallised  compound  of  that  acki  with  a 
hydrocarbon  heavier  than  water  was  formed ; and  the  mother-liquor,  when  cooled  to  a 
very  low  temperature,  deposited  monudinic  crystals,  which  when  decomposed  by  am- 
monia and  distilled,  yielded  a hydrocarbon  of  variable  boiling  point,  but  related  to 
cumene  in  composition  and  properties  Other  trinitro-acids  unite  with  hydrocarbons 
in  a similar  manner. 
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Compound*  produced  by  the  action  of  Btducing  Agent*  on  the  Nitrophenic  Add*, 

1.  By  Sulphide  of  Ammonium. 

VltropbenuiUo,  Blnitro41pl»«iuuiilo  or  Amidonitropbenlo  Add, 

(d*H*)*)  , 

C'*H"N'0*=  (NO'j*  - C'H’(NH’)»(NO>)'0».(LBnrcntiuidGerhardt,  Compt. 

H* 

ohim.  1849,  p.  468.) — Formed  by  the  action  of  sulphide  of  ammoninm  on  dinitrophenie 
acid.  Wbeu  diuitrophenate  of  ammonium  is  gently  heattK)  vitb  sulphide  of  ammoninm, 
n brisk  reaction  tokrs  place  after  a few  minutes,  and  the  resulting  nearly  black  mass 
deposits  on  cooling  lai^e  black-brown  ne<*dles,  which  may  be  freed  from  excess  of  sul- 

fihide  of  ammonium  by  boiling  with  acetic  acid,  and  putted  by  two  or  three  crystal- 
isations  from  water. 

Nitropbeiiamic  acid  thus  obtained  forms  black-brown  needles  which  yield  a yellow 
powder.  They  are  hexagonal  prisms  with  four  angles  of  131°  30'  and  two  of 
97°.  They  contain  10  per  cent,  or  4 at.  water  (C'*H'*N*0*.4H*0),  which  they  give  off 
between  100°  and  110°,  The  acid  is  very  sliglitly  soluble  in  cold  water,  moderately^ 
soluble  in  alcohol  and  ether.  When  heated  if  first  gives  off  its  water  of  crystnllisation, 
then  melts,  throws  off  a few  colourless  scales  and  a brown  oil,  and  leaves  an  abundant 
residue  of  charcoal  which  takes  fire  when  strongly  heated. 

Hitrophenamatf  if  ammonium  do'S  not  appear  to  have  been  obtained  in  the  solid 
state.  The  acid  diaHolves  in  ammoniii.  forming  a deep  red  solution  which  gives  off  all 
its  ammonia  during  concentration.  The  pofassium^tidt,  C‘*H*'KN*0‘,  forms  small 
erjsfalline  nodules  very  soluble  in  water  and  in  alcohol.  Tlie  Intrium-Mlt  forms  spar- 
ingly soluble  brown  ue«'dles,  obtained  by  adding  acetate  of  barium  to  an  ammoniaeol 
solution  of  the  acid.  Tlie  calcium-mlt  obtained  in  like  manner  separates  after  a while 
in  small  needles.  The  coj^r-saU  is  a yellow-gpccn  precipitate;  the  lead-salt  an 
orange-brown  precipitate.  Tho  dh'tr-salt,  C'*II"AgN*0*,  is  a dark  brown-yellow  pre- 
cipitate which  separates  in  scales  from  hot  solutions. 

Btbyl*nltroplieiilfifne  or  Jritropbenetidlne, 

('Cahours,  Ann.  Ch.  Fli3*s.  [3]  xxvii.  463.) — A base  produced  bypassing  sulphy- 
dric  acid  and  ammonia  gases  simultaneously  through  a solution  of  ethylic  dinitropbe- 
nate(p,  399).  It  crystallises  in  brown  needles  resembling  methyl-nitrophenidine  or 
uitmnisidinc  (i.  304).  It  acts  on  chloride  of  benzoyl  when  heated  with  it,  furmiug 
a product  which  eiystallises  from  alcohol  in  small  needles.  It  forms  crystallisable 
salts  with  hydrochloric,  nitric  and  sulphuric  acids. 

FioramiCt  BinltropbensuoiiCt  or  AnUdo-dinltroplieiiio  Aold«  » 

(NO’)''  C*II'(NII’)(N0’)*0  (Girard,  Compt.  rend,  xxiri.  421. — Wohler, 

Pogg.  Ann.  xiii.  488.— E.  Pugh,  Ann.  Ch.  Pharm.  xevi.  83.) — Produced  by  the  action 
of  sulphide  of  ammonium  or  of  ferrous  salts  on  picric  acid. — 1.  When  sulphydric  gas 
is  pa'^sed  in  exci  ss  through  a saturated  alcoholic  solution  of  picnc  acid  neutralised 
with  ammonia,  the  liquid  awjuircs  a deep  red  colour  and  deposits  a mass  of  dark  red 
rr}‘stals  uf  piemmati*  of  ammonium,  an  additional  quantity  of  which  is  obtained  on 
distilling  off  the  alcohol ; and  from  this  salt  the  acid  may  be  separated  by  precipitation 
with  acetic  acid  from  a hot  solution  (Girard). — 2.  The  nitroh<rmatic  aetd  which 
Wohler  obtained  by  the  action  of  ferrous  sulphate  on  picric  acid  has  been  shown  to  be 
identical  with  picramic  acid  (p.  403). 

l^icramic  acid  sepantte<l  from  its  ammonium-salt  by  acetic  acid  forms  beautiful  red 
needles,  often  groupi'd  in  tabular  masses  (Girard);  from  an  ethereal  solution  it 
cr3'stallises  in  distinct  prismatic  crystals  with  verj*  acute  terminal  faces,  gamet-oeJoured 
by  reflected,  yellowish-red  by  transmitted  light  (Pugh).  It  has  a slightly  bitter 
taste  (Girard);  does  not  taste  bitter  (Pu^h).  Melts  at  165°,  and  solidifies  in  a 
crystalline  mass  on  cooling  (Girard).  It  is  nearly  insoluble  in  icafcr,  even  at  the 
boiling  heat,  but  soluble  in  afoohol  and  ether  (Girard). 

The  acid  heate«l  above  165°  is  decomposed,  with  evolution  of  tarry  vapours  con- 
taining hydrocyanic  acid  and  ammonia,  and  leaves  a residue  of  charcoal  (Girard, 
Wohler).  It  bums  vividly  when  tlirown  on  red-hot  coals  (Girard).  It  dissolves 
at  ordinary  tempTatun's  in  sulphuric  acid,  forming  a red  solution,  from  which,  on  dil- 
ution with  water  and  addition  of  ammonia,  the  picramic  acid  separates  out  unaltered: 
similarly  with  flc/rf ; but  by  hot  conccutraUsl  sulphuric  acid  it  is  decom- 

posed and  carbonised  (Girard).  Strong  nitric  acid  decomposes  it,  with  abundant 
evolution  of  nitrous  fumes,  the  liquid  assuming  a straw-yellow  colour  and  the  picramic 
acid  being  converted  into  picric  acid  (Girard,  Pugh).  According  to  Wohler, 
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bitrohiematie  acid  ia  Dot  reconverted  into  picric  acid  bj  the  action  of  nitric  acid ; and 
nccordicg  to  Carey  Lea,  this  is  also  the  case  with picramtc  acid. 

Picramic  acid  unites  readily  with  basis.  Its  salts  are  mostly  crystalline;  their 
general  formula  is  C*H*MN*0*.  The  solutions  of  the  alkaline  pierates  preci{)itate  the 
salts  of  copper,  mercury  and  silver,  but  not  those  of  manganese,  iron,  cobalt,  or 
nickel. 

Picramate  of  ammonium^  C*H*(NH*)N*0*,  prepared  as  above,  separates  from  the 
alcoholic  solution  by  spontaneous  evaporation,  in  dark  orange-red  rhombohedrul  tables. 
It  does  not  decompose  at  100®,  but  at  13d®  it  effloresces  and  gives  off  ammonia;  melts 
at  163®,  and  decomposes  at  a higher  temperature.  It  dissolves  readily  in  water  and 
alcohol,  forming  deep  red  solutions,  but  is  iusoluble  in  ether.  The  aqueous  solution  ia 
decomposed  by  coBtiuual  boiling,  with  separation  of  a brown  powder.  (Girard.) 

PUramate  of  Cop^,  C’H*Cu'’N*0‘*,  is  a yellowish-green,  amorphous  precipitate, 
which  detonates  slightly,  is  insoluble  in  water  and  alcohol,  but  soluble  in  acids. 
(Girard.) 

PienDnats  of  T^ad  ts  an  orange-coloured  powder  which  explodes  when  heated,  and 
also  by  percussion,  but  without  much  noise.  It  dissolves  in  water,  ammonia  and  acids, 
but  is  insoluble  in  alcohol.  (Girard.) 

Picramate  of  Potassium,  C*H^KN*0*. — Obtained  by  decomposing  the  hot  solu- 
tion of  the  ammonia-salt  with  potash.  Separates  on  cooling  in  red  transparent 
elongated  rhombic  tables,  containing  19‘9  per  cent,  potash.  It  di*composes  with  slight 
detonation  when  somewhat  strongly  heated,  and  leaves  a residue  of  charcoal.  Dissolves 
pretty  easily  in  w’ater, s{)uringly  in  alcohol.  (Girard.) 

PiertUe  of  Barium,,  On  decomjiosing  a hot  solution  of  picramate  of 

ammonium  with  nitrate  of  barium,  this  salt  separates  in  small  silky  tufts  of  red  and 
golden-yellow  needles.  It  bears  a beat  of  200®  without  decomposition,  but  detonates 
at  a higher  temperature,  leaving  a residue  of  charcoal  Dissolves  sparingly  in  water  and 
alcohol  Contains  27'9  per  cent,  baryta.  (Girard.) 

Picramate  of  Silver,  C*H*AgN*0‘,  is  obtained  by  decomposing  the  ammonia-salt  with 
nitrate  of  silver,  in  the  form  of  a brick-red  amorphous  precipitate,  which  does  not 
blacken  by  exposure*  to  light,  but  decomposes,  with  blackening,  at  about  140®,  leaving 
a residue  which  melts  at  about  165®.  On  glowing  coals,  it  burns  without  detonation. 
It  is  insoluble  in  cold  water  and  in  alcohol  Boiling  water  decomposes  it,  leaving  an 
insoluble  rt'sidue.  (Girard.) 

WltroctUoropliea*ml«  or  Amldonltrocbloropbenlo  Acld«  C*H*N*C10*  a 

^C1  0 “ C^*(NH*XN0*)C10.  (Griosa,  Ann.  CK  Phinn.  cii.  286.)— When 

H 

dinitrochloropbenic  acid  or  its  ammonium-salt  (p.  400)  is  digested  at  a gentle  heat  with 
sulphide  of  ammonium,  the  liquid  assumes  a blood-red  colour  and  dep^its  sulphur; 
and  on  adding  acetic  acid  to  the  concentrated  filtrate,  nitrocblorophenamic  acid  is  pre- 
cipitated and  may  be  purified  by  crystallisation  from  hot  water.  The  ciystals  dried  at 
the  ordinary  temperature  contain  2C*H*N=C1G*.II*0,  but  become  anhydrous  at  100®, 
assuming  at  the  same  time  a scarlet  colour.  The  acid  has  a swt'etish  taste  writb  bitter 
aftertaste.  When  heated  it  turns  red,  melts  at  about  160®,  solidifying  again  at  140® 
to  a brown  crystalline  mass,  and  sublimes  with  partial  decomposition.  It  dissolves 
but  sparingly  even  in  hot  water;  the  hot  saturated  solution  solidifies  on  cooling  to  a 
network  of  brase-yellow  capillary  needles.  It  dissolves  easily  in  ala*hol  and  tthtr,  also 
in  sulphuric  and  hydrochloric  acids  at  ordinary  temperatures.  Warm  concentrated 
nitric  acid  decomposes  it.  Sitrous  acid  n*duces  it  to  diaxonitrochloropbenol 
(p.  408). 

The  nitrochlorophenamates  of  the  alkoli-reetals  and  alkaline  earth-metals  are 
insoluble.  The  salts  are  mostly  yellow  or  brown-red,  and  detonate  when  heated.  The 
ammonium-salt,  C*H*(NH*)N*ClO’,  crystallises  from  the  solution  of  the  acid  in  aqueous 
ammonia  in  yellowrish-red  crystals ; its  blood-red  aqueous  solution  gives  off  ammonia 
when  evaporated ; so  likewise  does  the  solid  salt  when  left  over  oil  of  vitriol  in  rare- 
fied air.  The  barium-salt  forms  brown-red  cr\stn]s  easily  soluble  in  water.  The  lead- 
salt,  C‘*H*Pb"N*Cl’0*,  is  obtained  by  adding  neutral  leaa-acetato  to  the  solution  of  the 
ammonium-sslt,  as  a brown-red  precipitate.  The  ammonium-salt  gives  a yellowish- 
green  precipitate  with  cupric  sulphate,  yellow  with  mercuric  chloride,  brown-red  with 
nitrate  of  silver. 

2.  By  Hydriodic  Acid  and  Stannoiu  Chloride, 

Picric  acid  treated  with  either  of  these  reagents,  yields  a salt  of  picramine  (£.  t*.)  ; 
see  also  p.  403. 
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S.  By  Cy^Mdt  of  Pota9$ium» 

Picric  acid  treated  with  this  reajjcDt  is  conTerted  into  isopurporic  or  picro- 
cyanric  acid,  already  described  (iii.  433). 

ytetapurpuric  acid.  C*H*N*0*. — This  add,  related  to  dinifxophenic  acid  in  the 
saiTiH  manner  as  isopnrpuric  to  picric  acid,  is  obtained  as  a potassium-salt,  whenan 
uqmK>u8  or  alcoholic  solution  of  dinitrophenic  acid  is  added  by  drops  to  a solution  of 
cyaniiie  of  potassium  heated  to  G0°.  A dark  coloured  crysUiUine  powder  is  then  pre- 
cipitated. which  may  be  purified  by  washin^t  ^th  a little  cold  water,  recryetallislng 
from  hot  water,  pressing,  and  drying  over  oil  of  vitriol.  MetapurpuraU  of  pota$siui$i 
tliuH  obtained  is  a dark  rud  substance,  exhibiting  metallic  lustre,  and  dissolving  with 
deep  crimfM)n  colour  in  water  and  in  alcohol.  The  solutions  have  the  odour  of  cyanic 
acid.  The  analysis  of  the  salt  leads  to  the  formula  C*H*KN*0VH‘0.  It  becomes  an- 
hydrous when  heated.  The  solution  gives  dark  brown  precipitates  with  the  chlorides 
of  barium  and  Btroiitium,  and  with  most  metallic  solutions.  The  is  red,  with 

green  metallic  lustre.  The  acid  itself  has  sot  been  isolated.  (Pfaundler  and 
Oppenheim,  Pull.  Soc.  Chim.  [2]  iv.  99.) 

4.  By  nitrous  Acid.  DiAXOifiTBOPHBXOLS. 

o.  3>laxonltropbenoX.  C*n*N*0*  « C*H*N*(N0*)0.  (Oriess,  Ann.Ch.  Pharm. 
cxiii.  201.)— ProduciHl  by  passing  nitrous  acid  vapour  into  an  ethereal  solution  of 
nitrophenamic  acid  (p.  406): 

C-H-NW  + HNO»  « C^«N«0»  + 2H*0. 

Tt  then  separates  as  a brownish  yellow  granular  mass,  and  is  obtained  in  the  same 
form,  recryj'tallisod  from  alcohol.  It  yields  a light  yellow  powder  turning  red  on  ex- 
posure to  light : explodes  with  great  violence  when  heated  to  100®.  It  dissolves  easily 
in  alcohtdt  slowly  and  with  partial  decomposition  in  hot  water,  a red  amorphous  pow- 
der then  separating,  and  the  filtrate  on  cooling  depositing  diazonitroplienol  in  small 
yellow  prisms.  It  dissolves  without  decomposition  in  cold  hydrochloric  and  sulphuric 
acids.  When  boiled  vt\\]x  fuming  nitric  acid,  it  forms  a compound  which  8epiir.il<*«  in 
yellow  flocks  on  addition  of  water.  On  adding  enrhonate  of  potassium  to  the  alcoholic 
solution  cf  diazonitrophenol  and  applying  a gentle  heat  nitrogen  is  evolved,  and  the 
residue  left  on  evaporating  the  alcohol  yields  with  acids  a brown-red  amorjihous  pre- 
cipitate which  might  be  expect<*d  to  exhibit  the  composition  of  nitrophenic  acid, 
C‘IPNO*  (see  the  corresponding  decomposition  of  diaxodmitropbenol,  iffra),  but  is  in 
reality  different  both  from  that  compound  and  from  its  isomer,  isonitrophenic  acid 
(pp.  394,  395). 

BlAsodinltroptaenoI.  C*IPN*0*  * C"H’N*(XO*)*0.  (Griess,  loc.  eii.) — Pro- 
duced by  passing  nitrous  acid  gas  into  an  alcoholic  solution  of  picramic  acid: 
C*H*N»0»  + HNO*  - Cn»N*0»  2HK). 

If  however  the  picramic  acid  used  is  impure,  or  if  it  be  added  to  alcohol  previously 
saturated  with  nitrous  acid  and  slightly  warmed,  nothing  but  dinitrophenic  acid 
is  obtained. 

Diazdlinitropbenol  crystallifea  in  brass-yellow  or  golden-yellow  laminae,  sparingly 
soluble  in  water,  alcohol,  and  ether  ; is  neutral  to  veget^ible  colours ; has  a bitter  taste ; 
and  (letonat<-8  violently  when  heated.  It  is  dissolved  without  decomposition  by 
mineral  aci</s,  but  is  decomposed  when  heated  with  fuming  sulphuric  acid;  dry  chlorine 
docs  not  act  upon  it.  MHien  boiled  for  some  time  with  water,  it  is  decomposed,  with 
formation  of  a resinous  body,  and  a red-brown  pulverulent  substance  soluble  in  ulcobol, 
ether  and  alkalis,  but  not  crystal  isable.  On  adding  carbonate  of  potassium  to  the  al- 
coholic solution  of  diazodinitrophenul,  nitrogen  is  evolved  and  dinitrophenic  acid  is 
produced,  the  colour  of  the  liquid  changing  from  yellow  to  red : 

-e  HK)  « CTI^NO»)*0  + N*  + 0. 

The  oxygon  set  free,  according  to  this  equation,  is  probably  consumed  in  oxidising  the 
alcohol. 

IMMonltrootaloropbenoI.  C*IPN»C10*  - C‘n*N’(N0’)C10.  (Oriess,  for.  «7.) 
This  compound  is  formed  when  a rapid  stream  of  nitrous  acid  gas  is  passed  through  a 
slightly  warmed  solution  of  nitroclilorophenumic  acid,  or  when  the  latter  is  added  to 
alcohol  previously  saturated  with  nitrous  acid-  Py  r<*ci7.‘«talli»aUon  from  alcohol,  it  is 
obtained  in  lai^c  brown-red  prismatic  crystals.  It  is  sparincly  soluble  in  alcohol, 
(thcT  and  hot  waUr,  crystallises  from  hot  water  in  greenish  goM-ycllow  laminae,  from 
ether  in  furcate  groups  of  neeiUes.  It  dissolves  in  sulphuric  acid,  and  sejxirates  from 
the  solution  after  addition  of  water,  in  long  thread-like  crystals,  and  is  soluble  without 
decomposition  in  acids  in  general.  It  yields  a yellow  powder  turning  red  on  exposure 
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to  light ; detonates  riolently  above  100°  ; and  when  mixed  in  alcoholic  eolation  with 
idltaliii,  givee  off  nitrogen  and  yielde  nitrochlorophenic  acid. 

Appendix  to  Phenol-derimtivee. 

Trl-lodopti«nio  aol4.  C*H*I’0. — Obtained  treating  phenol  with  a con- 

siderable quantity  of  protochloride  of  iodine.  On  dieeolving  the  product  in  soda  and 
acidulating  with  sulphuric  acid,  a precipitate  is  obtained  consisting  of  mono-,  di-,  and 
tri-iodophenic  acids,  from  which  the  two  former  may  be  extracted  by  boiling  alcohol  of 
60  per  cent.  The  residue  dissolves  slowly  in  strong  alcolu^  at  the  boiling  heat,  and 
the  solution  when  evaporated  deposits  tn-iodophenic  acid  in  radiate  groups  of  yellow 
crystals.  It  is  easily  soluble  in  ether,  and  decomposes  when  heatM,  with  copious 
disengagement  of  iodine.  Treated  with  excess  of  protochloride  of  iodine,  it  yields 
pentachlorophenic  acid  393),  which  may  be  sublimed  in  splendid  white 
needles.  (Schutzenberger,  Bull.  So^  Chim.  [2]  iv.  102.) 

PBSSrOK-B&VS.  Also  called  Azulin.  A blue  dye  obtained  by  beating  peconin 
(p.  324)  with  aniline.  (See  Hofmann's  Rejtort  on  Chemical  Products  in  the 
Exhibition  of  1862,  p.  135.) 

9BSVOXAOBTXO  ACZB.  Syn.  with  Phsktloltcoluc  Acid.  (See  Oltcol- 
uc  Etrbrs,  ii  918.) 

PHZvn^  C*H*.  In  the  free  state  — ^The  radicle  of  phenol  or  phenyUe 

alcohol : known  also  in  the  form  of  chloride,  bromide,  acetate,  &c.  It  is  obtained  in 
the  free  state : 1.  By  the  action  of  sulphuric  acid  on  a colourless  oil  (probably  phenylic 
oxide  (C*H*)*0,  p.  416),  resulting,  amons  other  {Xt>duct8,,from  the  dry  distillation  of 
cupric  benzoate  (List  and  Limpricut,  Ann.  Cb.  Pharm.  zc.  2U9).~ 2.  By  the 
action  of  sodium  on  phenylic  bromide  or  bromobenzene  (Fit tig,  ibid.  cxxi.  361; 
cxxxii.  201),  orof  sodium-amalgam  on  phenylic  chloride  (Church,  Chem.Soc.  J.xvi. 
76).  Fittig  prepares  it  as  follows : — A mixture  ofbeuzene  and  bromine  in  equivalentpro- 
portioos  is  exposed  in  a retort  to  diffused  daylight  fur  eight  to  fourteen  days  or  as  long 
as  white  fumes  of  bydrobromic  add  continue  to  appear ; the  contents  of  the  retort  aro 
then  distilled  into  a receiver;  the  distillate  is  st^en  with  soda-ley  till  it  becomes 
colourless ; the  watery  liquid  is  removed ; and  the  oil  carefully  dried  with  chloride  of 
calcium  and  rectified,  collecting  apart  the  portion  which  passes  over  below  160°.  This 
distillate,  consisting  of  benzene  and  monooromobenzene  or  phenylic  bromide,  is  mixed 
in  a retort  with  an  excess  of  sodium  cut  into  thin  slices;  toe  retort  is  left  to  stand  for 
24  hours  in  cold  water;  and  the  product  distilled  off.  The  distillate  is  easily  resolved 
by  one  rectification  into  benzene  and  pure  phenyl,  which  immediately  solidifies.  It  is 
important  that  the  mixture  of  benzene  and  phenylic  bromide  be  completely  dehydrated 
before  treating  it  with  sodium,  otherwise  the  hydrogen  evolved  from  too  water  will 
nnito  with  the  nascent  phenyl  and  convert  a portion  of  it  into  benzene.  A mixture 
of  pure  phenylic  bromide  with  an  equal  volume  of  anhydrous  ether  may  also  be  used 
instead  of  the  mijiture  of  phenylic  bromide  and  benzene,  but  it  is  less  advantageous. 

3.  Phenyl  is  also  produced,  together  with  benzene  and  other  products,  by  the  action 
of  alcoholic  potash  on  nitrate  of  azopbenylamine  (p.  432) : 

2C*HW  + C>H*0  - C«H«  + C*H*0  + N*. 

AsophenyU  Alcohol.  Pbmyl.  AldehTde. 

aniiDe. 

On  heating  the  mixture  in  a retort,  benzene  passes  over  with  the  alcohol  and  after- 
wards the  phenyl,  which  condenses  in  the  receiver  as  a crystalline  mass,  and  may  be 
purified  by  repeated  cz^’stallisation  from  alcohol.  (Qriess,  Phil.  Trans.  1864  [3] 
692.) 

4.  Together  with  other  products,  by  heating  sulphate  of  diazobenzidine  (pi  412) 
with  alcoboh  (Griess.) 

Phenyl  crystallises  from  alcohol  in  iridescent,  nacreous  scales  which  melt  at  69°  and 
sublime  at  a higher  temperature  (List  and  Limpricht);  in  shining  lamins  melting 
at  70*6°  (Fittig),  70°  (Griess),  and  boiling  between  239°  and  240°  (Fittig).  It 
gives  by  analysis  93*75  per  cent,  carbon  and  6*25  hydrogen  (List  and  Limpricht) ; 
93*24  carbon  and  6*56  hydrogen  (Fittig),tbe  formula requiring93*51  carbon  and 
64*9  hydrogen.* 

It  is  converted  by  bromine,  with  evolution  of  bydrobromic  acid,  into  bromophenyl, 
C**II"Br*,  and  by  fuming  nitric  acid  into  nitrophenyl,  C'*H*(NO’)*. 

The  formation  of  these  compounds  shows  that  the  formula  of  phenyl  in  the  free  state 
is  not  OH*,  but  ; for  if  it  were  C*H*,  that  of  bromophenyl  would  be  C*H*Br,  and 

* Ll«t  snd  Limpricht  uiignsd  to  thetr  prrnlitct  the  formula  which  however  does  oot  agree  so 

well  wilblheir  analysis  as  that  of  phenyl,  requiring  03*41  per  cent.  C,  and  6*66  H. 
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that  of  nitrophenjl,  C*H\NO') ; bat  these  formuls  are  inadmissible,  because  the  sum  of 
the  hydrogen'  and  bromine-atoms  in  the  one  case  and  of  the  hydrogen^  and  nitn^n* 
atomsin  theother  is  uneven.  In  this  respect  then  phenjl  in  the  free  state  agrees  with  the 
other  so-called  alcohol-radicles.  methyl,  ethyh  dec.  Fittig  however  regards  the  compound 
obtained  as  above,  as  bearing  only  a distant  relationship  to  the  radicle  of  the 
phenyl-compounds,  and  accordingly  designates  it  by  a different  name,  via.  diphenyl, 
on  the  ground  that  the  compouno^s  fonn<^  from  it  by  the  action  of  bromine  and  nitric 
acid  do  not  belong  to  the  same  series  as  phenvlic  alcohol  and  its  derivatives.  In  this 
respect  however  phenyl  does  not  differ  essentially  fft>m  methyl,  ethyl,  and  their  homo- 
logues.  inasmuch  as  none  of  these  bodies  are  found  to  vield,  by  combination  or  substitn- 
tion,  compounds  belonging  to  the  same  series  as  the  alcohol  from  which  they  are 
supposed  to  be  derived : methyl,  C*H*,  for  example,  when  treated  with  chlorine  yields, 
not  raethylic  chloride,  CII*Cl,  but  ethylic  chlorine,  C*H*C1,  and  monochlorinated  ethy- 
lie  chloride,  C’H*C1*,  a compound  related  to  methyl,  C*H*,  exactly  in  the  same  manner 
as  dibromophenyl,  is  related  to  phenyl,  If,  as  Scborlemmer's  ex- 

periments seem  to  show,  all  the  so-called  alcohol-radicles  in  the  free  state  are  really 
Hydrides,  the  so-called  phenyl  or  diphenyl  roust  be  regarded  as  the  hydride  of  the 
radicle  C*=H». 

BromopbOByl.  C*’II*Br*.  Dibromodiphtnyl.  (Fittig,  Ann.  Ch.  Pharm.  cxxxii. 
204.) — This  com|x)und  is  produced : — 1.  By  saturating  phenyl  with  excess  of  bromine 
under  water  till  it  forms  a doughy  mass,  removing  the  excess  of  bromine  by  washing 
with  soda-ley  and  ciystallisiug  the  now  solid  product  from  boiling  benzene  (Fittig). 
— 2.  By  heating  perbromide  of  diazobenzidine  (p.  412)  with  carl^nate  of  s^um,  or 
boiling  it  with  ^cohol  (Griess): 

C'»n‘N*.n>Br*.Br«  - C'*n“Br*  + N*  + Br*. 

It  forms  concentric  groups  of  mther  largo  colourless  prisms  having  a splendid  lustre 
and  strong  reh^cting  power,  insoluble  in  wattr  and  in  cold  alcohoi,  sparingly  soluble  in 
boiling  alcohol,  easily  in  benztnf.  It  melts  at  164®  to  a colourless  liquid  which  maybe 
cooled  below  160''  without  solidifying  ; at  a higher  temperature  it  distils  without  de- 
composition. It  is  not  attacked  by  alcoholic  potash  or  potassic  acetate,  even  after  pro- 
longed boiling,  and  therefore  does  not  exhibit  the  characters  of  bromide  of  chrysene, 
C’U'.Br* ; neither  can  this  hydrocarbon  be  separated  from  it  by  the  action  of  sc^um. 

CHiloropbe&yL  C**H*CI*.  Bichlorodiphaiyl. — Produced  by  beating  the  cbloro- 
platinate  of  diazoWozidine  (p.  412)  in  a retort,  with  4 to  6 times  its  weight  of  sodic 
carbonate.  A copiuus  evolution  of  gas  then  takes  place,  and  chlorophenyl  distils  over 
as  an  oily  body  which  solidifies  to  a white  mass  in  the  neck  of  the  retort,  and  may  be 
purified  by  recrystallisation  from  boiling  alcohol : 

C'*H»N*.H*Cl*.PtCP  - C'*H*C1*  + a«  + Pt  + N*. 

It  crystallises  in  white,  usually  well-developed  prisms,  insoluble  in  water,  sparingly 
soluble  in  alcohol  even  at  the  boiling  heat,  but  readily  soluble  in  ether.  It  molts  at 
148®  to  a yellowish  oil,  which  can  be  distilled  without  decomposition.  (Orieis,  Phil. 
Trans.  1864,  PL  iii.  p.  730.) 

Wltropbenyl.  C**H‘(NO*)*.  Dinitrodiphenyl.  (Fittig,  Ann.  Ch.  Pharm.  exxiv. 
275.) — A solution  of  phenyl  in  fuming  nitric  acid  solidifies  to  a mass  of  needle-shaped 
crystals  consisting  chiefly  of  this  compound.  It  is  purified  by  filtering  the  liquid 
tl^ugh  gun-cotton,  washing  the  remaining  crystalline  mass  with  water,  boiling  it  with 
small  quantities  of  alcohol,  as  long  as  the  liquid  is  coloured  yellow  thereby,  and 
crsytallising  the  white  mass  five  or  six  times  from  alcohol,  taking  care  that  a small 
portion  remains  each  time  undissolved.  When  thus  purified  it  crystallises  in  long 
colourless  needles,  which  melt  at  213®  and  decompose,  with  separation  of  charcoal,  at 
a stronger  heat.  It  is  quite  insoluble  in  water,  and  very  sparingly  soluble  in  alcohoL 
By  coverii^  it  with  alcohol  and  sulphide  of  ammonium,  and  passing  sulphydric  acid 
gas  through  the  liquid  till  the  whole  of  the  nitropbenyl  is  dissolved,  it  is  converted 
into  amidonitrophenyl  C*’H’(NH*XKO*),  and  amidophenyl  C'*H*(NH*)*, 
which  is  identical  with  Zinin’s  l^nzimne  (i.  644  X the  former  or  the  Utter  pre- 
dominating according  as  the  decomposition  takes  place  in  a cold  or  a hot  solution. 
These  two  bases  are  easily  separated  from  one  another,  a.s  the  latter  only  is  soluble 
in  hot  water,  alcohol  or  hydrochloric  acid,  and  is  almost  wholly  precipitated  from  these 
solutions  by  sulphuric  acid. 

Isonitrophentfl,  C‘*H*(N0*)*. — This  compound,  formed,  simultaneously  with  the 
nitropbenyl  above  described,  by  the  action  of  fuming  nitric  acid  on  phenyl,  remains  in 
the  mother-liquor  after  the  latter  has  crystallised  out.  On  mixing  the  acid  filtrate  writh 
water,  a soft  yellowish-white  mass  separates,  which  by  repeated  ctystallisatioo  from 
alcohol,  may  be  resolved  into  liquid  nitrobenzene  and  crystalline  isodinitrophenyL 


PHENYL. 


411 


The  latter  ie  insolable  in  waUr,  easily  soluble  in  hot  alcohol.  It  is  distinraished  from 
nitropbenyl  by  melting  at  a mnch  lower  temperatore,  vis.  at  93*6^,  and  by  forming 
with  reducing  agents  two  bases  differing  in  properties  from  the  two  just  described, 
though  agreeing  with  them  in  composition.  (Fittig,  loc.  cit.) 

BromottltroplienyL  C**H*Br*(NO*)*.  JHbromodinitrodiphenyl.  (Fittig,  Ann. 
Ch.  Pharm.  cxxxii.  206.)— Bromopbenyl,  gently  heated  with  ^ming  nitric  acid,  dis> 
soiree  with  somewhat  strong  reaction,  and  after  a few  minutee  the  whole  solidifies  to  a pulp 
office  needle-sba^d  cryst>^  of  this  compound,  which,  after  washing  with  water,  maybe 
crystallised  from  not  benzene.  It  is  perfectly  insoluble  in  ftatcr,  rery  sparingly  soluble 
in  alcohttl  even  at  the  boiling  heat,  more  easily  in  hot  benzene,  whence  it  ciyst^lises  in 
splendid  slightly  yellow  capillary  needles,  often  an  inch  long.  It  is  very  much  like 
(^itrophenyl  in  external  appearance,  and  cannot  be  volatilised  witbont  decomposition. 

Basci  produced  by  reduction  of  the  preceding  yitro-eompoundc, 

Amldoptieoylf  C'*H'*N*  ■-  C‘*H*(NH*)*  or  Bensidtae,  ^ ^ — Tbi* 

compound  is  obtained  hj  evaporating  the  solution  of  nitrophenyl  after  prolonged  treat- 
ment with  sulphydric  acid,  as  above  described,  dissolving  the  residue  in  dilute  hydro- 
chloric acid,  and  precipitating  with  sulphuric  acid.  The  sulphate  thus  separated  is 
decomposed  by  boiling  with  ammonia,  and  the  free  base  is  purififd  by  re-solution  in 
hot  water,  precipitation  with  su^huric  acid  and  separation  by  ammonia,  and  finally, 
recrystallised  from  hot  water.  It  crystallises  in  colourless  shining  scales  which  melt 
at  118^  (not  at  108^  as  generally  stated).*  (Fittig,  Ann.  Ch.  Pharm.  exxiv.  2?fi.) 

ArntdonltropbenTl,  C'*H«X»0‘  = C'*H'(NH*)(NO«)  - |o„  i»ob- 

tained  by  evaporating  the  above-mentioned  solution  of  nitrophenyl  after  treatment 
with  sulphydric  acid,  and  boiling  the  residue  with  water  till  the  resulting  solution 
no  longer  gives  a precipitate  (of  benzidine)  with  sulphuric  acid.  The  residual  ami* 
donitrophcuyl  is  dissolve  in  moderately  dilute  hydrochloric  acid,  the  liquid  is  filtered 
to  separate  sulphur,  tlien  precipitated  by  ammonia,  and  the  bulky  red  fiocks  thus 
obtained  are  washed  with  water  and  dissolved  in  hot  alcohoL  On  adding  hot  water 
to  the  alcoholic  solution  till  it  begins  to  show  turbidity,  amidunitrophenyl  separates  as 
a crystalline  powder,  which  is  purified  by  several  repetitions  of  this  treatment,  and 
finally  recrystallised  from  hot  alcohol.  It  forms  small,  bright-red,  needle-shaped 
crystals,  melts  at  about  160^,  volatilises  with  partial  decomposition  at  a higher  tem- 
perature, dissolves  sparingly  in  watcr^  but  easily  and  with  red  colour  in  boiling 
alcohol.  Its  solution  in  hot  strong  hydrochloric  acid  is  nearly  colourless,  but  turns 
red  on  cooling  and  deposits  the  base  again  when  evaporated.  The  platinum-- 
ealt,  C'*H**N*0’.H*Cl*.Pt‘’Cl\  is  a flocculent,  very  easily  decomposible  precipitate. 
(Fittig,  foe.  nV.) 

Bromamidopbeny’l  or  Bromobensldine,  — This  base  cannot  be 

prepared  by  reducing  nitrobromophenyl  with  sulphide  of  ammonium,  this  reaction 
yielding  nothing  but  brown  resinons  products  insoluble  in  hydrochloric  acid.  But 
when  the  nitro-compound  is  heated  with  tin  and  strong  hydrochloric  acid,  it  dissolves 
after  some  time,  and  on  diluting  the  solution  with  water,  and  filtering,  the  filtrate  de- 
posits after  a while  hard  nodular  groups  of  ciystals  consisting  of  a compound  of  hydro- 
chlorate of  bromobenzidine  with  stannous  chloride ; which  when  boiled  with  ^lute 
aqueous  ammonia  yields  bromobenzidine  as  a faintly  yellow  oil  which  solidifies  to  a 
glutinous  mass  on  cooling,  and  may  be  separated  from  stannous  oxide  by  solution  in 
alcohol,  whence  it  separates  in  hemispherical  groups  of  small  bard  crystal^  very  much 
like  sugar-candy,  but  always  having  a yellow  or  brown  colour  arising  from  partial 
oxidation  taking  place  in  the  alcoholic  solution.  It  is  insoluble  in  water,  melts  at  69^ 
and  decomposes  at  higher  temperatures,  with  evolution  of  hydrobromic  add  and  separa- 
tion of  much  charcoal.  It  is  a much  weaker  base  than  benzidine. 

Hydrochlorate  of  bromobensidine  is  obtained  in  small  colourless  prisms  on  dissolving 
the  base  in  dilute  hydrochloric  acid  and  mixing  the  solution  with  strong  hydrochloric 
add.  It  is  partially  decomposed  by  solution  in  water,  and  appears  also  to  lose  aportion  of 
its  add  on  mere  exposure  to  the  air.  Ammonia  added  to  the  solution  throws  down 
bromobenzidine  as  a pure  white  amorphous  precipitate.  Tho  ckloroplatinate  is  a brown 
amorphous  precipitate  which  cannot  be  purified  by  resiystallisatiou.  The  sulphate  is 
soluble  in  water;  dilute  sulphuric  acid  does  not  form  any  precipitate  in  a solution  of 
the  hydrochlorate.  (Fittig,  Ann.  Ch.  Pharm.  cxxxii.  207.) 

A body  isomeric  with  bromobenzidine  (probably  bromide  of  azobenzene),  is  obtained 

* The  statement  found  in  most  Manuals  of  Chemistry,  and  at  pan  M5  toI.  i.  of  this  work,  that  ben- 

sidine  meics  at  appears  to  have  originaiedin  a mispriut  iu  Zin  id’s  paper  (J.  pr.  Chem.  xzxii. 
93J.  See  Gmelin'i  Hanabookt  x.  339. 
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by  the  direct  action  of  bromine  on  azobenzone,  This  product  is  sparingly 

soluble  in  alcohol  and  ether ; crystallises  from  alcohol  in  needles  haring  a faint  yellow 
colour  and  golden  lustre ; melts  at  about  205^,  and  sublimeti  in  needles.  When  heated 
with  nitric  acid  of  specific  grarity  1*42,  it  dissolres  completely,  and  the  solution  on 
cooling  deposits  the  compound  C'*H*(NO*)N’Br*  in  straw-yellow  needles,  which  are 
very  soluble  in  alcohol,  and  melt  at  al^ut  169^  to  a liquid  which  soon  boils  and  decom- 
poses at  a higher  temperature.  (A.  Werigo,  Ann.  Ch.  Pharm.  cxxzr.  178.) 

masobenaldlne,  C'*H*N*  « ^ Jn*.  Trtrazodipkenyl.  (Oriess, Phil* 

Trans.  1864,  Pt.  iii.  p.  719.) — A base  obtained  as  a nitrate  by  the  action  of  nitrous 
acid  on  nitrate  of  benzidine : 

2NHO*  + 4HK). 

When  nitrous  acid  rapour  is  passed  through  an  alcoholic  solution  of  nitrate  of  ben- 
zidine a brown  amorphous  body  separates  m considerable  quantity  (from  on  aqueous 
solution  only  traces  are  deposits) ; and  on  mixing  the  filtrate  with  twice  its  volume  of 
strong  alcohol  and  adding  ether,  nitrate  of  diazobensidine  is  precipitated  in  minnte 
crystals,  which  may  be  purified  by  dissolving  thm  in  a very  small  quantity  of  water, 
and  reprecipitating  with  alcohol  and  ether. 

Nitrate  of  Diazobensidine^  C"H*N*.2NHO*,  crystallises  in  white  or  slightly 
yellow  needles,  easily  soluble  in  teafer,  lees  soluble  in  atcohof,  insoluble  in  ethzr.  \^en 
nested  they  explode  with  violence.  The  aqueous  solution  left  in  scold  place  gradually 
undeigoes  spontaneous  decomposition,  and  on  heating  it,  nitrogen  is  evolved,  and 

diphenyl-alcohol  (or  rather  diphenyleni  c alcohol) 
is  deposited  in  white  crystals,  together  with  a brown  amorphous  substance : 
C"H«N*.2NHO«  + 2H*0  - + 2NHO*  *i  N*. 

(See  Phektlkxuc  Alcobou.) 

Perbrontide  of  Diazobenzidinet  C’*H*N*.2HBr.Br*,  is  precipitated  on  addins 
bromine-water  to  an  aqueous  solution  of  the  nitrate,  in  round  i^dish  crystals,  which 
must  be  washed  on  a filter  with  water,  and  quickly  dried  over  oil  of  vitriol  and  quick- 
lime. It  is  very  unstable,  gradually  giving  oflT  bromine  even  at  ordinair  temperatures. 
It  is  also  decomposed,  with  evolution  of  gas,  by  solution  in  alcohol.  Heated  with  ear- 
bonateof*odiu7ny  '\ipxi’%  off  bromine  and  nitrogen,  and  leaves  bromophenyl(p.4l0): 

C'»II*N*.2irBr.Br*  - C'*H»Br»  + Br"  + N\ 

By  aqueous  ammonia  it  is  converted  into  bromide  of  ammonium  and  tetraiodi- 
pbunylimide: 

C»H*N*.2HBr.Br<»  + SNIP  - | N»  + 6NH*Br. 

Perbromide.  Teirsjodipbeoyt* 

tmlde. 

The  tetrazodiphonylimide  is  deposited  in  crystals,  and  by  repeated  crystaUisat ion 
from  strong  alcohol  may  be  obtaim^  in  small,  very  brilliant,  white  or  yellowish  plates, 
insoluble  in  water,  very  sparingly  soluble  in  cold,  easily  in  boiling  alcohol,  moderately 
in  ether.  It  melts  at  127®  to  a yellow  oil,  which  is  decomposed  with  slight  explosion 
At  a higher  temperature.  It  is  neutral  to  test-paper,  dot's  not  combine  with  adds  or 
Alkalis,  is  not  altered  by  boiling  with  strong  nydrochloric  acid,  or  with  aqueous  or 
alcoholic  potash,  but  is  decomposed  by  nitric  or  by  strong  sulphuric  acid. 

Platinochloride  of  Diazobensidine,  C'*H‘N*.2HCLPt**Cl*,  is  precipitated 
by  plutinic  chloride  from  a solution  of  the  nitrate  or  sulphate,  in  light  yellow,  very 
Bmdi  narrow  plates,  or  from  very  dilute  solutions  in  small  elon^ted,  well-formed  hex- 
agonal plates.  It  is  almost  insoluble  in  water,  alcohol  and  ether.  Exposure  to  light 
during  drying  causes  the  crystals  to  turn  brown.  Heated  with  carbonate  of  sodium  it 
gives  off  nitrogen  and  chlorine,  together  with  chlorophonyl  (p.  410)  which  passes 
over  as  an  oil,  and  solidifies  as  a white  mass  in  the  neck  of  the  retort : 

C'*H*Kr2HCLPta«  = C'*H»C1*  + Tt  + Cl*  + S*. 

Sulphate  of  Diasohenzidine,  C’*H*NV3SIHO\ — On  mixing  a concentrated 
aqueous  solution  of  the  nitrate  u*ith  cold  sulphuric  acid,  preriously  dilute<l  with  its 
own  bulk  of  water,  and  then  adding  strong  alcohol,  this  salt  separates  either  as  a 
white  crystalline  powder,  or  in  white  notnlles ; if  alcohol  does  not  precipitate  it  com- 
pletely, other  must  bo  added.  It  is  very  soluble  in  water,  and  explodes  when  heated. 

^ Nfelrctlns  the  hrdrobromic  acid,  th«  compound  mair  be  regardod  as  the  bromide  of  a telratomic 
ridiclc 
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Heated  with  alcokol  it  is  riolcDtlj  decomposed,  giving  ofT nitrogen,  sulphuric  acid  and 
aldehyde,  and  yielding  white  crystals  of  phenyl  (p.  410) : 

2(C'*H*N*.3SH»0*)  + 4C»H«0  - 2C'*H'»  + 4C’H*0  + N»  + 6SH*0\ 

Sulphate  of  Dlaicv  Alcoh<»l.  Pbenjl.  Aldehyde, 

beotidiue. 

On  heating  a solution  of  the  sulphate  in  a small  quantity  of  oil  of  vitriol,  a violent 
evolution  of  nitrogen  taken  place,  and  a brown  liquid  is  form^  containing  a trisulpho- 
and  a tetrasnlpho-acia  : 

+ 3SH*0*  « C'*H*3SH*0*  + N*. 

C'*H*N*  + 4SH'0<  - C‘*Hr4SH*0‘  + N*. 

On  boiling  the  brown  liquid  with  thirty  times  its  volume  of  water,  saturating  with 
carbonate  of  barium,  evaporating  the  filtrate  to  dryness  over  the  water-bath,  and  ex- 
baosting  the  residue  several  times  with  water,  the  barium-salt  of  the  trisulnho-acid 
dissolves  while  that  of  the  tetrasulpbo-acid  remains  behind.  (See  Sulphuric  Ktiibba) 

IMasobensiaineoAnlllae  or  Blasoftlpbenjlene-dipheiijl-tetramiiiet 


- C”H“N*.2C^’N  = (C*H‘)*|N*.  Tetratodiphtnyl-amidohenzi^, 

~This  compound  separates  on  adding  aniline  to  aqueous  nitrate  of  dtazobenzidine, 
as  a yellow  crystalline  mass,  which  may  be  purified  by  repeated  washing  with  alcohol : 
C'*H*N\2NHO»  -h  40H'N  - -h  2(C*H»N.NHO>). 

It  is  insoluble  in  water,  and  very  sparingly  soluble  even  in  boiling  alcohol  and 
ether,  from  which  however  it  separates  in  lance-shaped  ciystals,  generally  united  in 
stellate  ipoups.  It  explodes  when  heated,  and  decomposes,  with  evolution  of  nitrogen, 
when  boiled  with  mineral  acids.  (Griess.) 

PBWTX,  B&OXZDS  OF«  C*H*Br.  See  MoKOBBoiioiiBifZBMK,  under  Pusntl, 
Htdridb  of  (p.  414). 

PBBVTX,  CB&ORXBB  07.  C*HK7L  See  MoNOCKLOBOBmstzKBB,  under  Phentt., 
Hyduidb  op  (p.  414). 

BKXim,  CTAVroa  of.  C*H*.CN.  or  Benzonitrilz,  CTH^N.— Already  de- 
scribed under  the  latter  name  (i.  563). — Mendius  has  shown  (Ann.  Ch.  Pharm. 
cTxi.  129 ; Jahresb.  1862,  p.  324),  that  when  treated  with  hydrochloric  add  and  granu- 
lated zinc,  it  is  converted,  by  the  action  of  the  nascent  bydiogen  thereby  evolved,  into 
a base  C’H*N,  isomeric  with  benzylamine  (toluidine),  methylaniline,  and  lutidine,  but 
differing  in  its  properties  from  all  three.  This  base  is  an  oil  lighter  than  water,  having 
an  aromatic  not  unpleasant  odour,  boiling  between  182*5^  and  187*5^,  soluble  in  water, 
miscible  in  all  proportions  with  alcohol  and  ether.  The  aqueous  solution  becomes 
turbid  at  the  heat  of  the  hand,  from  separation  of  a portion  of  the  dissolved  oU.  It  is 
not  coloured  by  chioridz  of  time ; when  evaporated  with  nitrie  acid,  it  emits  the  odour 
of  bitter  almond  oiL  When  exposed  to  the  air  it  is  quickly  converted  into  small  shin- 
ing needles  of  the  carbonate.  It  forms  thick  white  fumes  with  hydrochloric  add.  The 
kydroetdorate^  C’H*N.HC1,  is  infusible,  sublimable,  easily  soluble  in  water  and  alcohol, 
insoluble  in  ether,  and  crystallises  in  rather  largo  square  plates.  The  cUoroaumte  crys- 
tallises in  long  yellow  needles ; the  chloromercurate  from  alcohol  in  radiate  groups  of 
needles ; the  cUoroflatinate^  2C'H‘*NCLPl*’CP,  in  very  thin  plates. 

Famm.,  HTSBATB  or.  See  Phenol  (p.  289). 

FBBBTX.,  STBUOa  OF.  CII'H.— Syn.  with  Benzene,  under  which  name 
it  has  been  already  described,  together  with  several  of  its  derivatives  (i.  541).  We 
have  here  to  notice  several  new  aerivatives  of  benzene,  and  some  additional  observations 
on  those  already  described. 

Aro-  and  Am\dO‘htnetnt$. 


Aniline  or  monophenylamine,  is  regarded  by  Griess  as  amidobenzeno 

C*H\NH’),  and  by  the  action  of  nitrous  acid  ou  aniline  and  its  salts,  compounds  are 
formed  containing  the  bases  C*H*N*  and  The  former  is  regaled  by  Griess 

as  diazobenzene,  that  is,  as  formed  from  benzene,  by  the  substitution  of  2 atoms 

of  nitre^n  for  2 at.  hydrogen ; the  latter  os  a compound  of  diazobenzene  with  amido- 
benzone  (aniline)  **  C*H*N*.C*IP(N11’).  The  compound  may  however  also 


be  regarded  as  azophenylamine 


(CH^N"')'; 
H>  i 


N*,  that  as  monophenylamine 


having 


3 at.  hydrogen  replaced  by  1 at.  nitrogen;  and  the  compound  m like  manner 

as  azodiphenyl-diomiuo  ' ’ [N*.  Viewed  in  this  light  they  will  be  described. 


together  with  their  bromo-,  chloro-,  and  nitro-dcrivatives,  under  Phentlahines. 
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Bromobensenes. 

Monobromobensene*  OH^Br.— This  compound,  obtained  bj  the  action  of  bn>> 
mine  on  bonzene  (i.  542),  appears  to  be  identical  with  bromide  of  phenyl  produced  by 
the  action  of  bromide  of  phosphorus  on  phenol.  F i 1 1 i g ' s mode  of  preparing  it  from 
benzene  lias  been  already  given  under  Pukntl  (p.  409).  To  fteparate  it  from  un- 
altered benzene,  the  mixture  of  the  two,  obtained  as  above,  is  rectifif^,  and  the  portion 
which  distils  between  152°  and  164°  is  collected  apart.  Riche  (Ann.  Ch,  Pharm. 
exxi.  357),  by  distilling  120  pts.  of  phenol  with  90  pta.  bromide  of  phosphorus,  ob- 
tained an  oily  distillate  having  a sweetish  taste  like  that  of  chloro^nzene,  boiling 
between  158°  and  166°,  and  containing  somewhat  less  carbon  than  that  required  by 
the  formula  C*H*C1;  but  it  was  evidently  impure. 

Monohromobenzene  or  bromide  of  phenyl  is  not  attacked  by  caustic  potash,  eranide 
of  potassium  or  acetate  of  silver;  with  s^um  it  yields  phenyl,  according  to 

Fittig,  benzene  according  to  Riche ; but  the  production  of  l^nzene  probably  arose 
from  the  presence  of  moisture  (p.  409). 

mbromobensene,  C*H*Br^,  is  obtained,  mixed  however  with  tribromobenzene, 
by  the  action  of  bromine  in  excess  on  benzene  (Couper,  i.  543).  A purer  product  is 
obtained  by  heating  the  bromoplatinate  or  the  perbromide  of  azobromophenylammouium 
(see  rHXXTi.AMixas),  either  alone,  or  bettor  with  carbonate  of  sodium; 

2(C‘H'BrN^2lIBr).PtBr«  - 20H<Br»  + Pt  + N*  + Br\ 

^ Bromoplatmala.  Dibromo- 

b<nii#n& 

OH'BrN*Br»  « OH'Br*  + N*  4-  Br». 

Prrbromidc.  Dtbromo- 

bensene. 

A Still  better  method  is  to  decompose  the  perbromide  with  alcohol ; the  decom- 
position is  complete  after  a few  minutes*  boiling,  and  if  too  much  alcohol  has  not  been 

used,  a large  portion  of  the  dibromobenzene  separates  at  once  in  crystals ; the  remainder 
is  precipitated  on  addition  of  water  as  thick  oil,  which  soon  solidifies  to  a crystalline 
mass.  After  washing  with  a little  alcohol  and  pressure  between  bibulous  paper,  this 
mass,  together  with  the  crystals  first  precipitated,  is  subjected  to  distillation  ; dibromo- 
benzeno  then  distils  over  as  a colourless  oil,  which  speedily  solidifies. 

Dibromobenzenecrystallisesfrom  etherin  rectangularprismsor  small  plates(Ories8), 
oblique  prisms  (Couper);  melts  at  89°  (Couper,  Griess),  and  boils  at  219° 
(Couper).  It  has  an  aromatic  odour.  (Griess.) 

THbromob«nse&e,  C*H*Br*,  has  been  already  described  (i.  543). 

Tetrabromobeiimeiie(C*H*Br^.  has  recently  been  obtained  by  Riche  and  B ^ r ard 
(Ann.  Ch.  Pharm.  cxxxiii.  51)  as  follows  :—I)ibromobeu2onc  is  prepared  by  exposing 
benzene  to  the  action  of  bromine  in  a lon|^-necked  flask,  so  that  no  bromine  may  be 
lost,  and  the  resulting  crystalline  mass  is  heated  with  excess  of  bromine  to  150°  in 
sealed  tubes  till  the  tubes  become  filled  with  small  crystals.  These,  which  consist  of 
tetrabromobenzene,  are  separated,  by  recn’stallisation  from  alcohol  in  which  they  are 
but  slightly  soluble,  from  undecomposed  dibromobenzene  which  dissolves  easily  in 
that  liquid.  Tetrabromobenzene  forms  beautiful,  silky,  very  white  crystals,  solidifies 
from  fusion  st  about  160°,  and  volatilises  in  flocks. 

The  bromobenzenes  are  attacked  by  fuming  nitric  acid,  yielding  the  corresponding 
nilrobromobenzenee  (p.  405). 

Chlorobenxenes. 

Moaooblorob«nmeB«.  C*H*Cl — This  compound,  produced  by  the  action  of 
chlorine  or  chloride  of  iodine  on  benzene  (Hugo  Muller,  Chem.  Soc.  J.  xv.  41; 
Fittig,  Ann.  Ch.  Pharm.  cxxxiii.  49),  appears  to  be  ideotical  with  chloride  of  phenyl, 
obtain^  by  the  action  of  pentacbloride  of  phosphorus  on  phenol.  (Laurent  and 
Gernardt,  Ann.  Ch.  Pharm.  Ixxv.  79 ; Williamson  and  Scrugham,  Chem.  Soc. 
Qu.  J.  vii.  238;  Riche,  Ann.  Ch.  Pharm.  exxi.  357.) 

Prtparation.  1.  From  Bmzme, — Benzene  absorbs  a small  quantity  of  chlorine,  and 
if  it  be  exposed  to  light  or  heated  to  the  boiling  point,  hydrochloric  acid  is  slowly  evolved, 
and  two  series  of  products  are  obtained,  viz.  chlorides  of  benzene  C*H*C1*,  C*H*Cl\ 
C*H*C1*,  and  chlorobenzenes  C*H*CI,  OH*Cl*,  C*1PCI*,  the  former  being  produced  in 
larger  quantities  than  the  latter.  But  when  chlorine  is  passed  into  benzene  contain- 
ing iodine  in  solution,  a much  more  copious  evolution  of  hydrogen  takes  place,  and 
chlorobenzene,  C*H*C1,  is  produced  in  much  larger  quantity,  together  with  the  other 
two  substitution-products  just  mentioned ; if  the  chlorine  is  in  excess,  a beautifully 
crystallised  compound  is  likewise  formed.  (Hugo  Muller.) 

2.  From  Phenol. — When  2 at.  pentacbloride  of  phosphorus  are  added  by  small  por- 
tions to  5 at.  phenol,  a violent  action  takea  place  at  first,  great  heat  being  produced 
and  hydrochloric  acid  evolved ; but  this  action  soon  ceases  and  it  becomes  necessary  to 
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beat  the  mixture.  If  it  be  then  distilled  upwards  till  it  has  nearly  ceased  to  give  off 
hydrochloric  acid,  and  the  distillate  subsequently  collected,  about  | of  the  whole  distils 
over  below  240®,  and  the  temperature  then  rapidly  rises  above  the  range  of  the  mer- 
curial thermometer.  The  distillate  collected  below  240®  is  a limpid  colourless  liquid, 
which  when  washed  with  hot  water  and  subsequently  with  potash,  yields  a thick  oil 
which  settles  to  the  bottom  of  the  vessel ; and  on  submitting  this  oil  to  fractional 
distillation,  collecting  apart  the  portion  which  passes  over  at  136®  to  138®,  chloride  of 
phenyl  is  obtained,  nearly  pure  but  in  small  quantity.  The  brown  liquid  which  distils 
above  the  range  of  the  thermometer  is  phosphate  of  phenyl,  and  constitutes  by  fur  the 
largest  portion  of  the  prodnet.  When  an  excess  of  chloride  of  phosphoms  is  used  in 
the  preparation,  the  quantity  of  phenylic  chloride  obtained  appears  to  be  still  smaller 
than  with  the  above  proportions. 

Chloride  of  phenyl  (obtained  by  the  second  process)  is  a colourless  mobile  liquid, 
boiling  at  136°  (W.  and  S.),  at  137®  (Riche).  According  to  Laurent  and  Gorhardt, 
it  is  converted  by  water,  and  more  quickly  by  aqueous  potash,  into  phenol : 

C'*H*C1  + H’O  - HCl  + ; 

but  according  to  Riche  (Ann.  Ch.  Pharm.  exxx.  266),  it  is  not  attacked  by  potash, 
not  even  when  heated  with  alcoholic  potash  in  a sealed  tube:  hence  he  regu^  tho 
compound  obtained  as  above,  not  as  chloride  of  phenjl,  but  as  roonochlorobenzenc. 

I^re  chlorobenzene  prepared  by  Mullers  process  is  likewise,  according  to  Pittig 
(Ann.  Ch.  Pharm.  cxxxiii.  50),  perfectly  indifferent  to  the  action  of  alcoholic  potash, 
not  yielding  a trace  of  phenol  or  of  chloride  of  potassium,  even  when  heated  with  it  for 
several  hours.  On  the  other  hand,  Church  (Chem.  Soc.  J.  xvi.  76),  by  heating 
benzene  with  hydrochloric  acid  and  acid  chromate  of  potassium,  obtain^  a distillate 
containing,  as  chief  product,  the  compound  C'*H*Cl*  or  C*’H*C1.I1C1,  which  when  heated 
with  strong  alcoholic  potash  yielded  phenol;  but  as  tho  chlorinati'd  compound  used  in 
this  experiment  was  the  crudf  product  of  the  action  of  nascent  chlorine  on  benzene, 
which  nad  not  been  submitted  to  any  process  of  purification,  it  is  by  no  means  certain 
that  the  phenol  thus  obtained  really  resulted  from  the  decomposition  of  phenylic 
chloride  or  chlorobenzene.  The  same  crude  distillate  washed  with  aqueous  potash  and 
rectified,  yielded  phenylic  chloride,  which  when  distilled  over  sodium-amalgam  left  a 
residue  containing  phenyl,  (p.  409),  tc^ether  with  a small  quantity  of  a yellow 

ciTstalline  body,  probablv  chrysene,  nC*H*,  while  the  distillate  contained,  leather  with 
unaltered  benzene,  a hydrocarbon  Iwiling  at  91®,  and  likewise  having  the  composition 
C*H\  (Church.) 

Pure  chlorobenzene  is  not  attacked  by  acetate  of  silver,  by  an  alcoholic  solution  of 
potassic  acetate,  or  by  ammonia.  Heated  with  sodium  it  yields  benzene  (Riche), 
probably  arising  from  a trace  of  moisture  (see  page  409). 

Oloblorobensene,  C*H*CP,  is  obtained  by  heating  the  chloroplatinate  of  azo- 
chlorophenylamioe,  2(C^H*ClN*.HCl).PtCl*,  with  earl)onate  of  sodium,  and  crystallises 
in  long  needles  or  elongated  four-sided  plates,  having  the  same  peculiar  aromatic 
odour  as  dibromobenzene.  (Oriess,  Phil  Trans.,  1864,  [3],  705.) 

Trlcblorot>ens«na»  C*H*CP,  has  been  already  described  (i.  643). 

Nydrt>chioratr  of  irichlorohenzene^  OH'Cl*  *=  C^*C1*.3HC1,  heated  with  acetate  of 
silver,  yields  compounds  resembling  the  glucosides  in  their  power  of  reducing  cupric 
oxide  in  alkaline  solution.  (Rosenstienl,  Jahresb.  1862,  p.  481.) 

ClilorobroinobeDxese,  C*H*ClBr,  is  obtained  by  heating  the  chloroplatinate  of 
azobromohenylmine  with  carbonate  of  sodium : 

2((>H>BrN».HCl)PtCP  - 2C*H*aBr  + Pt  + Cl«  + N«. 

The  crystals  which  condense  in  the  neck  of  the  retort  may  W purified  by  pressing 
them  between  filter-paper,  distilling  a second  time,  and  recrystallising  from  ^cohol. 

Chlorobromobenzene  dissolves  rather  slowly  in  alcohol,  but  easily  in  ether,  and  crys- 
tallises from  a hot  saturated  alcoholic  solution  on  cooling,  or  from  the  ethereal  solution 
by  evaporation,  in  white  needles  or  plates  having  a peculiar  odour  like  that  of  benzene. 
(Griess,  Phil.  Trans.  1864,  [3],  702.) 

lodobenetnts. 

BKonolodobenx«ne  or  Zodide  of  VlkeoyL^Scrngham,  treating  phenol  with 
iodine  and  phosphorus,  obtained  a liquid  which,  afVer  treatmentwith  potash  and  rectifi- 
cation, boiled  at  260®,  and  was  found  to  contain  iodine.  This  liquid  was  presumed  to 
be  iodide  of  phenyl,  but  the  quantity  obtained  was  not  sufficient  for  a satisfactory 
investigation  (Chem.  Soc.  J.  xiii.  244).  Several  other  chemists  have  attempted 
the  preparation  of  phenylic  iodide,  with  no  better  success. 

Bromiodob«iixene,  OlPBrl,  formed  by  boiling  the  perhromide  of  azoiodophenyl- 
ammonium  (perhromide  of  diazoiodobenzeoe)  C*H*IN*.Br*,  with  oIcoIjoI,  crystallises 
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from  ether  or  alcohol  in  laigo  white  platea  which  are  volatile  without  deoorapceition.’ 
(Qrieaa.) 

Ji'itrohfmenet. 

Mono-  and  lH-nltrob«naene  have  been  already  deecribed  (L  £43  ; ir.  £9).  The 
former  ia  conrcrted  by  todium-ama/gam  into  axobenzene  (i.  477): 

2CTI*(NO«)  + H*  = + 4H*0. 

NitrubmieiM.  Afobentvn«. 

Part  of  tho  azobonzen(*»  however,  takes  up  2 at  hydrogen  more,  and  ia  oonverted  into 
benzidine.  (Werigo,  Ann.  Ch.  Pharm.  exxxT.  176.) 

jntrobromobenmene*  C*H*(NO*)Br,  is  pnxluced  by  the  action  of  fuming  nitric 
acid  on  moDobroniol>enzcne  (Couper,  see  L *543).  When  tre^ated  withreducing  agents 
it  yields  bromaniline,  C*H*BrN.  A nitro-bromobenzene  haring  exactly  the  same 
oompu^ition  and  propertu^,  is  produced  by  heating  bromoplatinate  of  ^ azonitro* 
phenylamine  (obtained  from  ff  nitraniline)*  with  carbonate  of  sodium  : 

2(C‘H*(X0»)NUIBr)Pi"Br*  - 2CTI\NO»)Br  + + Pt  + Br*; 

or  by  heating  the  perbromide  of  $ azonitrophenylammonium  with  alcohol ; 

(>H*(NO*)NTlr»  = C*H*(NO«)Br  + N*  + Br». 

Itmelts  at  126®f  and  ciy’stallises  in  long  white  needles  (Oriess,  Phil  Trans.  1864, 
[3],  712).  An  isomeric  compound  distinguished  as  a nitrobromobenzene  is  obtained  in 
like  manner  from  the  perbromide  of  a azonitrophenylammonium.  It  crystallises  in 
rhombic  prisms  which  melt  at  56°  (Griess).  a and  0 nitrobromobenzene  treated 
with  sulphide  of  ammonium,  yield  respectirely  a and  0 bromaniline.  (Oriess.) 

sriorodibromobenseaef  C*H*(NO*)Br*,  ia  obtained  by  the  action  of  fuming  nitric 
acid  on  dibromobenzene.  l^lien  heated  with  alcoholic  sulphide  of  ammonium  it  yields 
dibromanilina.  (Riche  and  B^rard,  Ann.  Ch.  Pharm.  cxxxiii.  51.) 

yitrottrab>omoben»a— , C*H(NO^)Br\  is  a crystalline  product  obtained  by 
the  action  of  fuming  nitric  acid  on  tetrabromobenzenc.  (Riche  iad  B5rard.) 

sritroohlorolseiisene,  C*H*(NO’)Cl,  produced  by  boiling  monochlorobenzene  with 
strong  nitric  acid,  crystallises  in  long  needles,  melts  at  78°  and  solidifies  at  74°.  It 
dissolves  sparingly  in  tpater,  easily  in  hot  alcohol  and  in  ether.  By  aulj^ide  of  am- 
monium and  other  reducing  agents  it  is  converted  into  chloraniline,  (Riche,  Ann. 
Ch.  Pharm.  exxL  357.) 

BlnitrodlelilorobaaMnai  C*H*(NO*)KJl,  is  formed  by  the  action  of  penta* 
chloride  of  phosphorus  on  dinitropheuic  aci^  perhaps  thus : 

C«H*^'0*)*|q  ^ PC,.  _ c*H*(NO*)Kn  + rClH)  + hcl 

The  resulting  yellowish  liquid,  decanted  on  cooling  from  the  excess  of  chloride  of  phos- 
phoms,  solidiftes  in  a few  days  to  a crystalline  mass  which  may  be  washed  with  cold 
and  dissolved  in  hot  alcohol  The  alcoholic  solution  becomes  milky  on  cooling,  and 
deposits  the  compound  as  a yellow  powder,  which  after  a few  days  a^difiea  in  needles. 
(Laurent  and  Uerhardt,  Ann.  Ch.  Pharm.  Ixxv.  79.) 

Trinltrooblorobmiaene«  Tiinltropbenyllo  eblorida*  or  Ctiloropierpl* 
C*H*(NO’)’Cl — This  compound  is  obtained  by  the  action  of  1 at  pentachloride  of 
phosphorus  on  1 at.  picric  acid : 

c*H>(NO*)*o  + pa»  » c*H>(NO*)»a  + pa»o  + hcl 

The  two  bodies  act  violently  on  each  other  at  first,  and  copious  fumes  of  hydrochloric 
acid  are  evolved.  As  soon  as  this  action  ceases,  and  oxychloride  of  phosphorus  begins 
to  pass  over,  the  retort  must  be  removed  from  the  fire,  because  the  chloropicryl  would 
be  decomposed  by  further  heating,  and  a resinous  substance  formed : hence  the  chloro> 
picryl  cannot  be  completely  purified  from  oxychloride  of  phosphorus  by  distillation. 
It  is  a yellow,  solid  b^y  having  an  ligreeable  odour.  Water  decomposes  it,  forming 
hydrochloric  and  picric  acids.  It  dissolves  in  alcohol  and  in  ether.  Carbonate  of  am- 
monium converts  it  into  piemmide  (9.  v.).  (Pisani,  Ann.  Ch.  Pharm.  xciL  326.) 

^RSITTZi,  XOSZDB  07*  See  Iodobrnzrnk,  p.  415. 

PKSM  XX*,  OXZBB  OP.  (C*H*)’0. — This  compound  appears  to  be  formed  by 
heating  chloride  of  phenyl  with  phenate  of  sodium:  C*H‘Cl  + C*H*NbO  *■  NaCl 

* «nitniQillno  it  thn  bate  produced  by  I be  action  of  lulphide  of  ammonium  on  dinitrobentene ; 
fi  nitranltioe  it  the  itomeric  compound  obialurd  by  dfttUliiiK  certain  nitrHiwd  phenylamidet  with 
potuh  (tee  pNiNTL^MiNet^  Thlt  li  llie  mode  of  diMinciion  propoted  by  Hofmann, and  arneralir 
adopi^.  In  Oriett’t  paper,  however,  above  referred  to.  the  meaninit  of  (he  prehxet  n and  fi  it  reverted. 

t AccordmK  to  Couper,  nitrobromoWna*  ne  prepared  by  the  artion  of  nitric  acid  on  bentene,  meitt 
below  ; but  r.rie»«  hat  thown  that  the  product  thui  obtained  lueltt  at  exactly  the  tame  poitu  at  that 
prepared  fiom  the  platiuum-:aU  of  « aioniCrophenylamine. 
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+ (C*H*)*0  : thf  fomiHtion  of  chloride  of «odi‘um  was  oljeprrod,  huf  no  di.stillato  was  ob- 
tained (Sc  rug  ham).  Li.st  and  Li  mpr  icbt  (Ann.  Ch.  IMiurm.  xc.  *209),  by  subjecting 
benzoate  of  copper  to  dry  dU>tilhition,  obtained,  amongst  other  product-s  a colourless  oil, 
boiling  at  260**,  and  yielding  by  analysis  84*35 — 84*60  per  cent,  carbon  and  6*99 
hydrogef^iumbers  agreeing  nearly  with  the  composition  of  phonylic  oxide,  wliich  re- 
quires 81*70  per  cent,  carbon,  6*88  hydrogen,  and  10*42  oxygen.*  This  oil  had  an 
agTf'eable  odour  of  geraniums,  was  in.solublu  in  water,  sjjnringlv  soluble  in  alcohol,  very 
soluble  in  ether.  It  was  not  decomposed  by  alcoholic  potash,  but  when  heated  with 
strong  sulphuric  acid  it  yielded  a white  crj'stidliuo  bo<1y  having  very  nearly  the  com- 
position of  phenyl,  C‘*TI'"  (p.  409). 

PBEXa’TZ.,  S17Z.PHISES  OT.  Pro to8 u!ph  iff  (Stenhouse, 

Proc.  Roy.  .Soc.  xiv.  351.) — Tliia  compoiiiul,  or  a Ixviy  isomeric  with  it,  is  obtained  by 
the  dry  distillation  of  sulphobenzolate  of  so*lium,  C*H*NaSO*.  When  this  salt,  in  the 
form  of  dry  p<iwder  and  in  quantity  not  exceeding  25 — 30  grammes,  was  heated  in  a 
copp<T  tlusk,  an  oily  l»ody  covered  with  a layer  of  water  condensed  in  the  receiver,  and 
a considerable  quantity  pf  c*orlK)nic  and  sulphurous  anhydrides  was  evolved,  while 
carbonaceous  matter  and  carbonate  of  sodium  remained  behind.  The  crude  oil  began 
to  boil  at  about  80°,  between  which  tem[>erature  and  110°,  water  and  benzene  passed 
over.  The  boiling  point  then  ruse  quickly  to  290°,  at  which  temperature  the  greater 
|M>rtion  of  the  liquid  distilled  over,  leaving  a bhick  tarry  residue;  and  this  when  more 
strongly  hcateil  pave  a further  quantity  an  oily  Isnly  which,  when  rectified,  yielded 
the  substance  l>oiliug  at  alx)ut  29;t°  an<l  above  300°  a liquid  which  after  standing  for 
some  weeks  detxjsititl  a few  crj'stals. 

The  oil  boiling  between  290°  and  300°,  which  amounted  to  about  two-thirds  the 
weiglit  of  the  crude  oil,  yielded  on  nvtiUcntion  an  oil  l>oiling  very  constantly  at  292  5°, 
and  containing,  after  further  reclifieation  in  a current  of  hydrogen,  77*12  per  cent, 
carbon,  5*38  liyilrogcn,  ami  17*49  sulphur  (mean),  agreeing  nearly  with  the  formula 
C'*H'*S,  which  requires  77*41  C,  5*38  II,  and  17*20  S. 

Sulpliide  of  phenyl  is  nearly;  colourless,  with  only  a very  faint  yellow  tinge,  and  has 
an  aromatic  but  slightly  ulliaeeous  odour.  It  has  a high  refractive  power,  specific 
gravity  1*09,  and  Ixiils  at  292*5°.  It  is  insoluble  in  watrr,  very  soluble  in  hot  spirit, 
fn>m  which  it  partially  separate's  on  cooling,  ami  is  mi.sciblc  in  nil  pnjportions  with 
fthrr,  Unzenr,  and  sitiphitU'  of  carfnjn.  Its  alcoholic  solution  mixed  with  ^atinic  cA/«- 
ridr  gives  a slight  flocculent  precipitate,  which  on  standing  resolves  itself  into  a red- 
dish-coloured  oil.  yUraic  of  si/ver  and  mercuric  chloride  give  no  precipitate.  It  dis- 
solve's sparingly  in  cold  strong  gtdphnric  acid,  forming  a red  solution;  but  on  raising  tho 
temperature  the  whole  dissolves,  forming  a greenish-black  liquid,  which  becomes  colour- 
less when  largely  diluted  with  water,  and  on  neutralisation  with  chalk  yields  nn  organic 
c:ilcium-salt.  The  solution  of  the  oil  in  strong  sulphuric  acid  blackens  and  givi*s  off 
sulphurous  anhydride  when  very  strongly  heated.  It  is  not  acted  ujxm  by  solutions  of 
the  alkalis,  either  aqueous  or  alciliolic,  but  is  dewmposed  by  heating  with  solid  potash. 

Sulpliide  of  phenyl  heated  with  strong  nitric  acid,  or  witli  arid  chromate  of  imtasgium 
and  dilute  nr/f/.  is  eonvc'rted  into  a eiystnlline  sul>stanee  haring  tne  compo- 

sition of  Mitscherlicirs  sulpboliinzeue,  C'il‘®SO*  but  difiering  from  it  gn*atly 
both  in  chemical  and  in  physical  properties:  hence  for  distinction  called  sulpho- 
benzoleno  (9.  e.). 

DiHulphidr,  (C.  Vogt,  Ann.  Ch,  Phami.  cxix.  142.)— This  compound 

is  pro<iuccd  from  phonylic  sulphydi*utc  or  plicnyl-mcrcapbin  : 1.  JJy  oxidation  with 
nitric  acid : 

2^C*IP)HS  + IIXO»  =-  (C-IP/35  -f  NO*  + H'O. 

Wlien  phenyl-mercaptan  is  gently  henl<ti  with  nitric  acid  of  specific  gravity  1*2  in  a 
retort  connected  with  the  beak  of  a Liebig’s  condeiiHcr  till  red  fumes  is*gin  to  <*sen|x\ 
the  action  goes  on  of  itself  without  further  heating,  and  at  its  termination,  the  oil,  wiiich 
at  first  floats  on  the  top  of  tlie  liquid,  sinks  to  tin*  bottom,  and  solidifies  on  cooling  tua 
crystalline  mass  which,  when  washed  with  water  and  dissolved  in  boiling  alcohol,  yields 
by  spontaneous  evaporation  noetlle-sliaped  crystals  of  disulphide  of  phenyl, — 2.  A solu- 
tion of  phenylic  mercaptan  in  alcoholic  uimiionia.  li  ft  to  evaporate  «|<mtam'ou8ly  at 
ordinary  tempmitureg  in  a wjdc  cylindrical  vessel  half  fill. si  with  it,  also  yields  crystals 
of  the  disulphide. — 3.  A small  quantify  oflliisconijs^und  isebtunedin  the  preparation 
of  pheiiyl-tnercaptan. 

Itisulpliide  of  phenyl  is  obtained  by  tlic  first  metliml  in  long  white  shining  nce.lles  ; by 
the  second  in  beautiful  regularly  devilop<-d  crystals  half  an  inch  long,  and  having  the  form 
of  orthorhombic  prisms  with  trunratMUi  of  llic  maciNKliagoiml  an<l  hnichydiagorml 

• I.et  nml  Limprl.  lit  .'un’gnc-l  In  It  tti'*  f'lfmul.i  wS’rli  f.*q4tir.*»  ^1*07  „tj,i  ■.•7:1  jp 
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lateral  and  terminated  by  a simple  dome.  It  lias  a faint  not  unpleasant  odour, 

is  insiduble  in  water^  but  easily  soluble  in  alcohol  and  ether;  mella  at  60®  to  a yellowish 
oil,  which  wlien  left  at  rest  sumetimes  docs  not  solidify  till  coole*d  to  25®.  Though  but 
slightly  volatile,  it  disliU  without  de<*om|Kwition  at  a somewhat  high  ten^rature. 
Hasctnt  hi/(trt>q(en  evolved  by  dnc  and  hydrochloHo  acid,  converts  it  into  phAyl-mer- 
captan.  llj  tlie  prolonged  uctiun  of  nitric  acid  it  is  converted  into  pbenylsulphuroua 

acid,  aii*so\ 

FHBlTTZi,  SVX.PBTI>3UI.Tir  OF.  CTI®S  = ^ JS.  Phenyl- mercaptan 

(Vogt, /oc.  «V.);  Ptncylic  Su/phydrate,  or  Bencylic  Mercaptan  (Kolbe). — Produced 
by  the  action  of  nascent  hjdrogen  on  sulphopheuylic  chloride: 

C‘IPSO»Cl  + n*  = C*1I*S  + IICl  + 211=0. 

It  is  prepared  by  pouring  dilute  sulphuric  acid  npon  zinc  in  a capacious  flask,  and 
adding  sulphophenyhc  chloride  as  soon  as  the  evolution  of  hydrogj-n  l>ecome8  rapid, 
taking  care  that  the  zinc  projects  considenibly  al>ove  the  oily  liquid  at  the  button.  On 
distilling  the  litpiid  after  twenty-four  hours,  the  phenylic  sulphydrate  passes  over  with 
the  aqueous  vapour,  and  eollect.s  ns  an  oil  in  the  receiver.  The  residual  saline  solution 
contains  a small  quantity  of  phenylic  disulphide.  When  largo  quantities  of  matorinl 
arc  o|.>cr.it«‘d  on,  it  is  best  to  subject  tho  oil  to  a second  treatment  with  zinc  and  sul- 
]ihoric  acid. 

Phenylic  sulphydrate  is  a eolourlesa,  mobile,  strongly  refracting,  oily  liejuid,  having 
an  intensc'ly  disagreeable  odour.  Specifle  gravity  P078  at  14®.  Boiling  j>oint  about 
165®.  It  bums  with  a bright  white  flame.  When  placed  on  tho  skin  it  produces  a 
I'urningpain  ; its  vapour  attacks  the  eyes  and  pnxluces  giddiness.  It  is  not  miscible 
with  v'utcr,  but  nevertheless  impiirts  its  odour  thereto ; it  dissolves  ea.sily  in  ain»hnly 
etktr^  Itenzrne  and  Hutphiile  of  carUm,  It  dissolves  sulphur  with  yellowish,  and  iodine. 
with  n^tl-brown  colour. 

Phenyl-stdphides  or  Phniyl-mcrcaptides. — Phenylic  sulphydrate,  like  tlio  correspond- 
ing ethylic  comiviund  (ii.  517),  is  capjible  of  exchanging  its  typic  hydrogen  for 

The  cupric  salt,  C‘*IP*Cu"S’,  is  prccipitate<l  as  a piib*  j-ellow  powder  on  mixing  the 
alcoholic  solutions  <»f  phenylic  stilpliydrato  and  cupric  acetate.  The  lead-salt, 
C**n“’PirS*,  obtained  in  like  manner,  is  a yellow  erystallino  body,  which  has  a silky 
lustre  when  dry,  beei>mes  cinnabar-nal  at  120^,  yellow  again  at  200®,  melts  al>ove  230® 
to  a red  liquid,  and  soli<iifies  agiiin  to  n yellow  mass  on  cooling. 

iV'^cKry-W^C‘-II'‘’irg"8*. — Phenyl-mercaptan  acts  very  violently  on  mercuric  oxide; 
when  a drop  of  it  is  let  fall  on  tlie  dn*  oxide,  gn  at  heat  is  procfuccd  and  the  whole 
ma.ss  is  scattered  about,  and  even  the  dilute  alcoholic  solution  becomes  very  hot  in  con- 
tact with  mercuric  oxide.  The  mercuric  phenylsulphido  produced  by  this  reaction 
cryKlallises  from  alcohol  in  white  capilhiry  lUHnlles,  having  a silky  lu'^trc  when  dr}’. 
On  mixing  tho  alcoholic  solutions  of  mercuric  chloride  and  i»lienyl-mercapfan,  the 
double  salt,  C‘*IP*ng''8.Hg"Ci’,  is  prckluced,  and  crystallist's  from  a ixiiling  alcoholic 
solution  on  cooling  in  white  lamime. 

Phenyl-sulphide  of  <Si/tv r,  C'lPAgS,  is  precipitate<l  as  a pale  yellow  crystalline  pow- 
der on  mixing  the  alcoholic  solutions  of  phcnyl-mcrcJiptan  and  nitrate  of  silver.  Auric 
and  plntinic  cldoridts  form  brown  precipitates. 

The  sodium-salt,  C'lPNaS,  is  formed,  with  evolution  of  hydrogen,  on  adding  so<lium 
to  phenyl-mercaptan,  and  remains  as  a white  saline  mass  on  expidling  the  excess  of  tho 
mercaptan.  Carixmie  anhydride  passed  into  the  alcoholic  solution  of  this  salt  forms 
tho  compound  CUPXa()*S,  just  os  salicylate  of  sodium,  C^iPNaO*,  is  formed  from 
phenato  of  so^Iiuin,  (^IPNaO. 

PBEK’FZi-ACSTAMZBZ  or  Acdanilide,  C*n*XO  = (C*JI*)(C=H>0)11X.  (Q  er- 
hardt,  Ann.  Ch.  Pharm.  Ixxxvii.  164.)— Produced  by  the  action  ofunilincupon  acetic 
anhydride  or  chloride  of  acetyl : 

CMPo»  + c'^irx  - C'H’xo  + 2ir*o. 

C*]POCl  + eiPN  « C''H^N0  + UCl 

It  cry.slallises  in  oolourles.s  shining  laminm,  melts  at  112®,  and  solidiflr'S  in  a eiys- 
talliuo  maas  ctjoling;  distils  without  dneomposiliou.  .Sparingly  soluble  in  cold, 
moderately  sobil  le  in  hot  water,  also  in  alcohol  und  ether.  Is  scarcely  acted  npon  by 
b()iling  putasli-lcy,  but  fused  hydrate  of  potassium  decomposes  it  immediately,  forming 
aniline  and  acetate  of  potassium. 

Phony laeetumide  trcal<  d with  yields  mono  - and  di-bromophcnylacet- 

amide  according  to  the  proportions  usihI  ; similarly  with  chlorine  (Mills,  Proc.  Roy. 
Soc.  X.  589.  — (Iriess,  Ann.  Ch.  Pharm.  exxi.  257).  With  fuming  nitric  acid  it  yields 
nitropheny lacetamide.  (Hofmann,  Proc,  Roy.  8oc.  x,  589.) 
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PHSirr^ABIZC  ACZBS.  Anilu'  acids. — Amic  ncids  in  wliich  tho  hydrogen  is 
more  or  less  replaced  by  phenyl,  and  containing  tho  elomenta  of  aniline  and  a polybaaic 
acid  minus  the  elements  of  water : e.  g. 


H.CTP  Ijj 

(C’iwr}S 

C‘H‘  ) 
..  II 

II  i 

H’O. 

rbenrtucclnanilc 

Aniline. 

SuccUiie 

acid. 

acid. 

C‘H* 

C‘H’i 

= H VN 

H ) 

+ (C‘U^OT|o. 

- 2ino, 

Phcnj-lcitramlc  add. 

Aniline. 

Citric  acid. 

(c*h;ot}s 

.c«iin 

.=  2{  H 

' H j 

S)  . 

- 2IPO. 

Diphenjicitramic 

acid. 

They  are  produced  either  by  direct  elimination  of  water  from  saltfi  of  aniline,  or  by 
heating  aniline  with  excess  of  the  corresponding  acids,  or  by  heating  the  eurresjK>mliDg 
phenylimides  with  aqueous  ammonia  (sec  Amr  Acids,  i.  167).  The  individual  phenyl- 
amic  acids  are  described  in  connection  with  Iho  corresponding  primary  amic  acids  (geo 
CAunxMic  Acid,  i.  761 ; Cixmc  Acid,  Axiidi:s  of,  i.  1000;  Oxxiuc  Acid,  iv.  281). 

PHiamLAWXDES  or  AmibZOSS.  Amides  in  which  of  the  hydrogen  is 
replaced  by  phenyl.  They  contain  the  elements  of  neutral  salts  of  aniline  minus  1,  2, 
or  3 ut.  water,  according  as  the  acid  is  monobasic,  dibasic  or  tribasic : e.  g. 

C’lTO) 

C*H‘  >N 
H ) 

Phcn}'l>benSAinl(tr. 

(cn'O’/i 

(C*n“)>  |.N«  = 

H»  i 

Phenjrl-iuccin- 
amidc. 

(CTI'O')") 

(C*H‘)>  VS'  = 

It’  i 

PbcnyUcitramldc. 

They  arc  formed  by  dry  distillation  of  the  anilinc-salts,  or  by  tho  action  of  acid  anhy- 
drides, or  chlorides  of  acid-iiidioles,  on  auilini*. 

PHRNYLiiriDES  Of  Anils. — Tertiary  monamides  in  which  2 at.  II  are  replaced  by 
a diatomic  acid-radicle,  and  tho  remaining  atom  by  phenyl.  They  aro  produced 
from  acid  salts  of  aniline  by  elimination  of  2 at.  water,  and  may  bo  regarded  as  aniline, 
in  wliich  2 at.  II  are  replaced  by  a diaUimic  radicle : e.  g. 

|n  C‘H*0*.C*irN  - 2II’0. 

Pheryl'iucciuliniJe.  Avid  »ii(^]natc 

of  uniliDe. 


Btinzoate  of  aniline. 

r‘H*0*.2C“H'N 

Succinate  of  aniline. 


- H'O. 


- 2H’0. 


C*H’0'.3C“II’N 
Cilr.tc  of  ontlliM*. 


- 3H-a. 


Heated  with  aqueous  ammonia,  they  take  up  1 at.  water  and  are  converted  into  the 
corrc8iK)nding  phenyLimic  acitls : r.  g. 

+ IPO  » C'®H*'NO*. 

Phcnfl-tuccinimifte.  Phenfl-succinumic 

acid. 


PBfiVT&AlCZVSS.  Organic  ha.scs  derived  from  ammonia  by  the  suijstiiiition  of 
one  or  more  atoms  of  phenyl  for  an  equivalent  quantity  of  hydrogen. 


A,  Phonyl-monamlnes. 

MonophenyXamino  or  Aniline.  C**II'N  =»  CrgataHine^  Kganol^  BiU’ 

tidam,  Phfnamidf*,  Amidftphenasr.^P.ogurdfd  by  Griess  us  ainido-ftrnccHc,  C'*IP(NH*), 
by  L.  Gmclin  us  C*1PN.1P.  (Undverdorben,  Pogg.  Ann.  viii.  397. — Runge,  ibid, 
xxxu  66,  613;  xxxiL  331. — Fritzsche,  J.  pr.  Cliem.  xx.  463;  xxvii.  153;  xxviii. 
202. — Zinin,  }6tW.  xxvii.  1-19;  xxxvi.  98. — liofmann,  Ann.  Ch.  Pharni.  xlvii.  31 ; 
Hii.8;  Irii.  265;  Ixvi.  129;  Ixvii.  61,  129;  Ixx.  129;  Ixxiv.  117;  Ixxv.  350. — Ueporton 
Chemical  Products  and  l^^cnsrs  in  th»'  Intemaiionat  Exhibition  of  1862,  p. 

K F 2 
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Muspratt  and  Hofmann,  Ann.  Ch.  Pharm.  liii.  221 ; Irii.  210. — La n rent,  Compt. 
rend,  xrii.  1366;  Rer.  seient,  xriii.  278,  280. — Gerhardt,  J.  Pharro.  [3]  ix.  401; 
X.  6.— Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  [3]  xxiv.  163. — Gni.  xi.  246. — 
Oerh.  ill.  79.) 

HUtory, — Aniline  waa  diacovered  in  1826  by  U n verdorben,  who  obtained  it  from 
indi;;o  and  called  it  crystalline ^ on  account  of  the  facility  with  which  iUsaltKaaaume  the 
ciy'stalline  form  : the  name  aniline  is  derived  from  anil,  a Portuipiese  name  of  the  indigo 
plant.  Aniline  has  lx‘cn  especially  studied  by  Hofmann,  I"  ritzsche,  Zinin,  and 
Oerhardt,  who  have  obtained  from  it  a large  number  of  compounds  and  derivatives. 
For  some  time,  however,  it  remained  an  object  of  purely  tu-iontific  interest  and  was  not 
applie^l  to  any  technical  purpose;  but  within  the  last  ten  years  it  has  acquired  gn*at 
inda.*<trial  importance,  and  is  now  manufactured  in  enormous  qiuintities,  on  account  of 
the  splendid  dyes  which  it  is  capjible  of  yielding. 

Ftrtrmatu>n. — Aniline  is  produc<*d  in  a great  number  of  reactions:  1.  By  heating 
phenol  with  ammonia  in  a sealed  tube  for  a fortnight  or  three  weeks  (Laurent): 
C-IPO  + NH*  = C*1PN  + H-0. 


2.  From  nitrobenzoue  by  the  reducing  action  : a.  Of  sulphydric  acid  in  presence 
of  alcohol  and  ammonia  (Zinin): 

C-IPNO*  + 3H*.S  - C^H’N  + 2H»0  + S>; 

$.  Of  zinc,  in  presence  of  hydrochloric  acid  (Hofmann) : 


C^IPNO*  + IP  » + 2H*0 ; 


7.  Of  ferrous  acetate : 

C*H*NO*  + 6F0O  + n»0  - C-ira  + OFe^O*; 

ferrous  sulphate,  oxal.ate,  and  ehloride  do  not  exert  any  reducing  action  on  nitrol>enzene 
(B^champ,  Ann.  Ch.  Phys.  [3]  xlii.  186). — 9.  Of  a hot  solution  of  arsiiiiouM  acid  in 
caustic  ikmU  (W 6 h ler,  Ann.  Ch.  Pharm.  cii.  127) : 

2011^X0*  + 3AaH)»  + 2IP0  * 2C*IPN  + 3As*0» ; 

«.  Tr^tbcr  with  azobenzene  and  oxalic  acid,  by  distilling  nitrobenzene  with  alcoholic 
potash : 

2C‘H»N0^  + C»H*0  + 2KII0  « CH^  + C-H^X  + C^KK)*  + 2H»0; 

According  to  Letboby  (Chem.  Soc.  J.  xvi.  161)  nitrobenzene  is  converted  into 
aniline  in  the  stomach. 

3.  By  the  dry  distillation  of  the  isomeric  compounds  pheny  1-carbaraic  acid 
(Fritzsehe),  Hnlicylamide  and  nitrotolueno  (hydride  of  nitrobeuzoyl)  (Hof- 
mann and  Muspratt) : 

C*H*NO*  « C*H»N  + CO^ 


4.  By  the  action  of  phosphoric  anhydride,  chloride  of  zinc,  or  hydrochloric  acid  on 
diphenylcurlxunido  and  diphcnyl-snlphocorbamido  (Hofmann,  Proc.Roy.  Soc.  ix.274): 


c'H’N 

+ C’H'NO. 

DiphoxylcArba- 

Aniline. 

Pbxnyllc 

micir. 

cjrannto. 

ClI'-N'S  - 

C'H’N 

4 C>II‘XS. 

Diphrnyi-Milpho- 

Aniline. 

l^rnylic  (nlpho> 

CAtbiiroide. 

cyanate. 

6.  By  the  distillation  of  azoxybenzene.  (Zinin,  i.  479.) 

6.  r»y  distilling  indigo  per  u (Unverdorben),  or  with  very  strong  aqueous 
potash  (Fritzsehe);  also,  by  distilling  isatin  with  potash  (Hofmann) : 


CH’XO  + 

Indigo. 

4KH0  + IPO 

- CIPN  + 

2K'C0*  + 

IP. 

C-IPXO*  + 

lutin. 

4 KUO 

= C-IPN  + 

2K’C0>  + 

H*. 

7.  Aniline  is  found  among  the  products  of  the  distillation  of  coal  (Runge);  of 
peat  (Vohl,  J.  Pharm.  [3]  xxxvi.  319) ; and  of  bones  (Anderson). 

Accorxling  to  Phipson,  certain  fungi  of  the  ^nus  BoUIm  {B.  cyonesems  and  B. 
luridus),  tlie  tissue  of  which  acquires  a transient  Wue  colour  when  triturated  in  contact 
with  the  air,  contain  aniline. 

Preparation. — 1.  From  yitrolH'ncme.—~0(  tlie  various  modes  of  converting  nitro- 
benzene into  aniline,  the  reduction  by  ferrous  at*t  tate  is  the  only  one  that  is  now  used 
as  a practical  method  of  preparation.  It  is  by  this  method  indeed  that  the  large  q\um- 
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of  aDilino  rt*quired  for  tbo  production  of  nnilinc  colotirs  art*  pr<'p!irt*d.  Tlu*  in’tro- 
bcnz<*ne  is  mutcnl  with  acetic  acid  in  ou*t^iron  vessels,  and  cast-iron  turnings  or  filings 
are  very  gradually  added,  care  being  hikcn  that  the  lieat  produced  by  the  reaction  does 
not  rise  too  higlu  Riuul  weights  of  the  three  substances  are  v»Ty  convenient  pro- 
portions. The  mixture  is  soon  converted  into  a solid  or  semi-solid  mass,  consisting 
principally  of  ferrous  acetate  and  acetate  of  aniline.  This  is  distilliHl,  either  alone  or 
with  addition  of  lime,  in  large  cast-iron  cylinders,  the  mass  being  gradually  Mised  to  a 
red  heat.  The  distillate  may  vary  in  composition,  but  it  generally  consists  of  acetone, 
aniline,  unalter»  d nitrobenzene,  and  other  pnxlucta  arising  from  the  impurities  of  the 
nitrubenzine.  If  the  iron  and  acetic  acid  are  used  in  great  excess,  the  UiKomposition, 
us  observed  by  Scheurer-Kcstner,  may  go  too  far,  so  as  to  reproduce  benzene,  uilh 
simultaneous  evolution  of  ammonia : 

3C-H^N  -H  Fc*  + 311*0  - 3C-H*  + 3NII*  + Fe*0*. 

Tho  crude  aniline  mixture  is  redistilled,  and  the  aniline  obtained  sufficiently  pnre  for 
manufacturing  purpos^  by  collecting  the  portions  distilling  between  176°  and  190°. 
It  may  be  further  purified  by  distillation  with  potash,  and  subsequent  rectification. 

According  to  A.  Krcm  er  (J.  pr.  Chem.  xc.  255),  nitrobenzene  may  be  advantageously 
converted  into  aniline  by  means  of  zinc-dust  and  water,  without  the  aid  of  an  acid : 

C-HXNO*)  + Zu>  + 11*0  = + 3Zn”0. 

From  2 to  2^  pts.  of  zinc-dust  Ohe  product  containing  from  80to95  per  cent,  of  the  metal 
which  passes  over  it  in  the  reduction  of  zinc-ore  at  the  commencement  of  the  distil- 
lation), are  heated  with  5 pts.  water  and  1 pt  nitrobenzene  in  a retort  with  a conden- 
sing tube  ilirected  upwards,  a gentle  heat  being  applicHl  at  first,  and  afterwards  raiMii 
to  the  boiling  point  When  tho  transformation  is  complete  (which  may  be  known  by 
the  perfect  solubility  of  the  product  in  dilute  hydrochloric  acid),  the  auihne  (amounting 
to  63 — 65  per  cent  of  the  nitrobenzene)  is  distilled  off  with  w'ater.  The  reduction  may 
also  be  effected,  though  much  more  slowly,  by  iron  reduced  with  hydrogen. 

2.  From  CcKrt-tar. — Aniline  exists  ready  formed  in  coal-tar  oil,  but  mostly  in 
small  quantity,  not  exceeding  1 per  cent.,  so  tliat  its  sepanition  cannot  be  advan- 
tageously perfonned,  excepting  when  veiy  large  quantities  (from  1000  to  2000  lbs.)  arc 
to  be  operated  on.  The  coal-tar  oil  is  shaken  up  in  carboys  with  strong  hydrochloric 
acid ; and  the  watery  layer  below  the  oil  is  removed  with  a syphon,  filtered  through  coarse 
paper  and  distilled  with  excess  of  slaked  lime  in  a coppt  r still.  The  distillate  thus 
obtained  is  a mixture  of  ammonia,  pyridine,  picoline,  aniline,  h ucoline  (coal-tar  chino- 
line,  Hi.  583)  and  other  bases  nearly  allii<l  to  tho  last,  the  three  first  meutioned  ba^es, 
or  the  others,  predominating  acconiing  us  a more  or  less  volatile  coul-tar  oil  hits  been 
used.  The  so-called  “dejid  oil”  which  sinks  in  water (i.  I038)yields  when  thus  treated 
scarcely  anything  but  aniline  and  leucolinc  bases;  and  from  this  mixture  the  uuiline 
may  be  separated  by  the  process  described  under  Chinwlinb  (i.  870). 

3.  From  Indigo. — Pulverised  indigo  is  introduced  into  verj'  strong  aqueous  potash 
contained  in  a retort;  the  resnlting  brown  moss  is  heated  as  long  as  ainmoniucul  water 
and  a brown  oil  pass  over  with  intumescence;  and  the  oil  is  s<-parutrd  by  distillation 
into  a brown  resinous  residue,  and  a colourless  distillate  of  aniline,  amounting  to  20 
per  cent,  of  tho  indigo.  (F  r i t z s c h e. ) 

Propcr^iVs.-— Aniline  is  a transparent,  colourless,  mobile,  oily  liquid,  having  a faint 
vinous,  not  unpleasant  odour,  and  an  aromatic  hunting  taste.  It  retains  its  mobility  at 
20°,  but  solidifies  at  the  temperature  of  a mixture  of  ether  and  solid  carbonic  acid.  It 
boils  at  182°  (Hofmann).  Specific  gravity  =»  1 020  at  16°  (Hofmann),  1*028 
(Fritzsche).  Vapour-density,  obs.  » 3 210;  calc.  (2  vol.)  » 3*234.  Index  of 
refraction  « 1*577  (Hofmann).  It  is  a uon-conductor  of  dectricity.  Its  vapour 
boms  with  a bright  but  smoky  flume.  It  exerts  a deleterious  action  on  tlie  animal 
organism : half  a gramme  mixed  with  1 } grm.  of  water  and  ppriukliHl  into  tlio  mouth 
of  a rabbit,  proiluci*d  strong  cramps,  tlicu  laborious  breathing,  loss  of  strength,  dilat<xl 
pupils,  and  iutlammatiun  of  the  mucous  membrano  of  the  mouth  ; when  dropt  into  tho 
eye,  it  does  not  dilate  the  pupil  (Hofmann).  According  to  ^chuchardt  (Jahresb. 
1861,  p.  495),  fro^  immersed  in  water  containing  1 pt.  in  8000  of  aniline,  dn*  in  two 
or  three  hours.  Eight  drops  killed  a fr<^  in  a quarter  of  an  hour,  and  thn<*  drops 
applied  to  a wound  in  the  buck,  caused  death  in  two  hours.  A dose  of  50  to  100  drops 
killed  rabbits  in  four  to  six  hours.  According  to  Wohler  and  Frericha  (Aim.  Ch. 
Fharm.  Ixv.  343),  aniline  does  not  exert  any  poisonous  action  upon  dogs.  The  aqueous 
solution  kills  leeches,  and  ports  of  plants  immers('d  in  it.  (Runge.) 

Anilino  dissolves  in  all  proportions  in  cMfr,  alcohd,  mHtJ-.'ipirU,  acetone,  aulvhule  of 
carbon  and  oils,  botli  ftxtHl  mul  volatile.  It  is  slightly  soluble  in  mitvr,  and  lik  wise 
takes  up  a small  quantity  of  that  liquid.  The  w^ueoua  solution  has  an  extn-mely  weak 
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itlkalioo  Inaction,  affecting  only  the  most  delicate  tc^st-paipers  ; it  docs  not  blue  rt^ddcnod 
litmus  or  redden  turmeric,  hut  it  changes  the  violet  colour  ofdahlias  to  green.  Aniline 
ilissolvi'S  tfidphur  abundantly;  campknr  Mxd  colophony  ^ but  not  arsenic, 

cuiml  or  caoutchouc.  It  produces  a bright  violet-blue  colour  with  cftlurid*-  of  limt  and 
otlier  hypiKhloriti'ty  blue  with  tulphuric  acid  and  acid  chromate  of  pidagsiuin,  and  reds 
of  various  depth  and  brightness  when  heated  with  tetrachloride  of  carlxm^  stannic 
vMoride,  arsenic  acid,  fumina  nitric  acid,  mercuric  nitrate,  juid  some  other  Sidts. 
It  imparts  a diHp  yellow  colour  to  pine’U^xxl  and  cUhr  pith,  a character  howerer 
likewis<>  exhibited,  though  iu  a less  degree,  by  other  bases,  namely  conine,  ciniia(.iine, 
leueolino  and  nnphthylamine. 

Tile  aqueous  solution  of  aniline  pnK'ipitates  the  buses  from  ferrous,  ferric,  rinc,  and 
alnminiuin  salts.  With  phitinic  and  pulladious  chlorides  it  forms  yellow  double  siilts  ; 
with  chloride  of  gold  a ntl-brown  double  salt;  with  mercuric,  iiiitimonic  and  sUnnio 
chlorides,  white  double  salts.  It  forms  w'itit  infusion  of  galls  a brownish-yellow  lioc- 
eulenl  precipitate,  solublu  in  alcohol  and  in  hot  water,  and  coagulates  albumin. 

Ikcoiupositions.^X.  Wlien  aniline-vapour  is  ]xisscd  through  a red-hot  glass  tulx», 
charcoal  is  deposited,  ammonia  and  hydrocyanic  acid  are  given  off,  and  a brown  liquid 
condenses  in  the  receiver,  which,  after  the  mnlecumpow'd  aniline  has  been  saturat<Ml 
w'ith  an  achl,  yields  by  distillation,  ben«ono  boiling  at  80“^,  and  benzonitrih*  (cyanide 
of  phenyl)  boiling  at  190® — lUoh  The  formation  of  the  latter  is  jvrobably  due  to  the 
action  of  the  hvdA>cyaiiic  acid  on  another  jK)rtion  of  the  aniline,  C®H'N  + CNIi  » 
C’I1*N  + Nii*.  A small  quantity  of  lui  indifferent  ciystalline  BubstiUice,  and  an  oily 
base  of  high  boiling  point  are  likewise  found  among  the  products  of  the  decomposition. 
(Hofmann,  Proc.  Uoy.  Sue.  xii.  383.) 

2.  When  exposed  to  the  air,  it  turns  yellow,  r<«tl  and  browm,  and  forms  a resin 
which  dissolves  with  yellow  colour  in  water,  the  change  taking  place  more  (juickly  as 
the  teni|>craturo  is  higher:  hence  in  distilling  aniline  it  is  neee.“wir\'  either  louse 
a brisk  lire,  or  to  pass  a stream  of  hydrogen  or  carl>onic  anhydritle  through  the 
ap(iuratus. 

3.  Aniline  treated  with  dilute  sulphuric  add  and  ptroxidc  of  mangancsCt  yields  a 
small  quantity  of  q u i n o n e together  with  u m m o n i a : 

CMPX  + O’  « + NH*. 

'[’he  greater  part  of  the  aniline  appears  however  to  undergo  a furtlu  r decomposition 
(Hofmann,  Proc.  Itoy.  Soo.  xiii.  4).  The  formation  of  ummuniu  in  this  reaction  was 
also  obsen'cd  by  M a 1 1 1)  i e s s e n ijhid.  ix.  037 ). 

4.  Aniline  takes  fire  in  contact  with  chromic  anh/dridc  (CrO’),  and  burns  with  a 
bright  tlanie  and  agreeable  odour,  leaving  u residue  of  green  chromic  sesquioxide,  Cr*0*. 
(Hofmann.) 

6.  .An  aqueous  solution  of  chromic  arid  forms  with  aniline  or  its  SiiUs,  a green,  blue, 
OP  black  precipitate,  aeeonling  to  the  concentration  of  the  solution  (I'ritzschc). 
.Aniline  or  an  aniline-salt  moisteued  on  a p<jreelain  dish  with  a few  drops  of  sulphuric 
acid  and  solution  of  potassic  chromate,  pixxluces  a bright  but  transient  blue  colonition 
(Heissenhirtz,  Ann.  Ch.  Plmnn.  Ixxxvii,  37G).  On  this  n*action  is  founded  the 
)irepanition  of  mauve,  or  aniline- violet  discovered  by  Perkin  (see  Appendix 
to  this  article). 

0.  With  solutions  of  alkaline  h>fp<>chloriUs,  chloride  of  lime,  for  example,  aniline 
exhibits  a deep  riolot-pnrple  oolonition  gradually  passing  into  ding>*  rd  (Kunge). 
'Khis  reaction  affords  a very  delicate  test  for  aniline;  it  is  likewise  exhihite^  though 
still  more  transiently,  by  aniline-salts.  The  purple  colour  is  not  altered  by  alkalis; 
aciils  change  it  to  rrd. 

7.  A solution  of  aniline  in  dilute  sulphuric  acid  is  easily  decomposed  by  the  electric 
current  ; and  if  a drop  of  the  solution  be  laid  on  a piece  of  platimiin  foil  conin^cted  with 
the  |X»sitive  jH)lo  of  a small  Grove’s  biittery  (one  pair  ia  sutheient),  and  the  negative 
lemiiiinl  also  dipped  into  it,  the  liquid  imimdiately  assumes  a fiue  blue  colour  chang- 
ing to  violet  and  nd.  the  colours  b«‘ing  very  bright  in  strong  solutions,  and  affording  a 
very  delicate  test  for  aniline.  The  colouring  matter  is  ultimately  de|>osited  on  the 
platinum  foil  as  a blackish-brown  j^owder,  insoluble  in  water,  alcohol,  ether,  an<l  am- 
monia, but  soluble,  with  blue,  green  or  violet  colour,  in  strong  sulphuric  acid,  whence 
it  is  precipitated  hy  water  ns  a dingy  gn^im  powder  ; it  is  i>^irlialiy  decolorised  by  re- 
ducing agents.  (H.  Lctheby,  Chem.  8oo.  J.  xvi.  161.) 

8.  Aniline  treated  with  a mixtun*  of  pfdassic  chlorate  and  hf/drcKhloric  acid  forms  a 
nd  n*sinous  sulistanco  containing  t r ichloroph  e nic  acid  and  pcrchloroquinono, 
from  whieli  iIk*  Ibnin  r may  1h>  ilissolved  out  ly  Uiilihg  alcoliol. 

9.  Aniline  is  decomposed  by  «aV.  ami  when  evu|>orut«d  at  UlO®,  leaves  a brown - 

bUck  residue  (Uunge).  It  is  iimuidiulily  nddened  by  strong  nitric  acid  (Ziuiu). 
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It  acqtiiivfi  a transient  blm*  and  green  colour  by  treatment  with  strong  nitric  ncid 
(Fritzsche).  With  a small  quantity  of  fuming  nitric  acid,  it  immediately  forms  a 
deep  azure-bluo  mixture,  which  when  very  slightly  warmed,  turns  yellow,  becomes  hot, 
girea  olf  gas  with  violence,  then  assumes  a scarlet,  colour  continually  increasing  in 
brightnes.s,  and  deposits  picric  acid  (Hofmann).  Aniline,  dissolved  in  moderately 
strong  nitric  acid,  likewise  passes  into  spontaneous  ebullition  on  the  application  of  a 
gentle  heat,  gives  oflF  nitrous  vapours,  and  when  that  action  ceases,  is/uund  to  be  com* 
verted  into  picric  acid  (Hofmann  and  Muspratt): 

+ 6NIIO*  * e>II>(N0»)*0  + 4NHO*  + 3U*0. 

Nitric  acid  lu*atcd  with  excess  of  aniline,  or  nitrate  of  aniline  heated  with  aniline  to 
150° — 160°  for  several  hours,  forms  a beautiful  riolel-red  subsbince,  which  is  one  of  the 
varieties  of  aniline-red.  A similar  colouring  matter  is  obtained  by  hmting  aniline  with 
mercuric  or  mercurous  nitrate^  with  nitrate  of  lead,  nitrate  of  sdo<r,  arsenic  uarf, 
stannic  cfdoride^  anliimmie  nitrate,  and  a variety  of  other  salts.  All  these  red  colours 
have  been  shown  by  Hofmann  to  consist  of  various  salts  ofrosanilinc,  C*U’*N*  (seo 
Appendix  to  this  article). 

10.  nitrous  acid  acts  upon  aniline  in  various  ways  according  to  the  manner  in  which 
the  two  bodies  are  brought  together:  a.  When  hydruchlorate  of  aniline  is  treated  with 
nitrite  of  silver  or  nitrite  of  ^tassiuin,  nitrogen  is  evolve<l  and  phenol  is  formed, 
together  with  a metallic  chloride  and  water  (T.  S.  Hunt,  Sill.  Am.  J.  [2J  \iii.  372. — 
Hofmann,  Chem.  Soc.  J.  ill.  232); 

C-H'N.HCl  + AgNO*  - C*U*0  + AgG  + H*0  + N*. 

According  to  Hunt,  phenol  is  likewise  obtained  when  nitric  oxide  is  passed  into  a 
dilute  aqueous  solution  of  nitrate  of  aniline : 

GH'N  + HNO*  - C‘H«0  + H*0  + 

but  acconlin"  to  Hofmann,  the  whole  or  the  greater  port  of  the  phenol  thus  produced 
is  converted  into  mononitrcphenol  by  the  free  nitric  acid  present. 

According  to  Mattlriosson.  however (Proc.  Hoy.  Soc.  ix.  118),  the  action  takes  place 
by  two  stages,  the  aniline  in  the  first  instance  reacting  merely  with  water,  to  produce 
ammonia  and  phenol : 

CHPN  + H®0  - H»N  + C«H«0, 


while  in  the  second  stage,  the  ammonia  and  nitrons  acid  act  on  one  another  so  ns  to 
form  water  and  free  nitrogen:  H’N  + HNO’  “ 2H’0  + N*»  and  the  phonul  is 

converted  by  the  free  nitric  acid  into  nitrophenol. 

In  like  manner  a solution  of  nitrate  of  aniylaniline  is  convcrttnl  by  nitrous  ncid  into 
amylumiue  and  phimol,  the  action  in  this,  os  in  the  former  case,  consisting  in  a replace- 
ment of  phenyl  by  hydrogen : 


C’H") 

C*H’  + 
H i 

AmylaniUoe. 


Hfo 


H VN 
H ) 

ArayU:nior. 


+ 


0; 


Phenol. 


and  the  amylaminc  being  subsequently  converted  by  the  same  mode  of  action  into 
ammonia  and  amylic  alcohol.  Similar  reactions  take  place  under  the  infiucnco  of 
nitric  acid,  of  peroxide  of  manganese  unHsuiphuric  acid,  of  potassic  permanganate,  and 
of  caustic  potash.  (Mutthiessen.) 

3.  Nitrous  acid  pass<*d  into  an  aicohoUc  solution  of  aniline  converts  it  into  azo- 
diphenyldiamine,  C‘’U"N’,  a base  formed  from  a double  molecule  of  aniline, 
C”U**N’,  by  the  substitution  of  I at.  nitrogen  for  3 at.  hydrogen: 

2C*H'N  + UNO’  « C'»II"N*  + 2U’0. 


Similar  reactions  lake  place  with  the  bromo-,  chloro-  and  nitro-phenylamincs,  and  with 
all  the  homologues  of  anllmo,  the  general  equation  for  the  rtueliun  l^iog : 

20n»*-^N  + HNO’  - OH*— »N>  + 2H-0 


(Griess,  Ann,  Ch.  Pharm.  cxiii.  334;  suppl.  i.  100).  When  nitrous  acid  is  passed 
into  a mixture  of  aniline  with  about  four  times  its  volume  of  alcohol,  the  azodipnenyl- 
diamine  first  produced  is  ultimately  converted  into  azophenylamine  (or  diamido- 
benzene),  C*1I*N’  - (C-H*N"*)N; 

C>*H"N*  + NUO’  = 2C*H*N»  + 2HH). 

11.  Chlorine  gas  passed  through  dry  aniline,  converts  it,  witli  great  rise  of  tempera- 
ture and  evolution  of  hydrochloric  acii  into  h black  viscid  tar,  w hich  stops  up  the  gas- 
delivery  tube.  If,  in  order  to  prevent  this  accident,  the  chiorine  be  passed  through 
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niiilioo  mixetl  with  Matt'r,  or  diKsolvovl  in  hydrot^hlorlc  acid  or  in  alcohol,  the  li«juid, 
which  assumes  first  a blue,  then  a black  colour,  dc|H>«its  a black  tar,  which  on  co*ding 
solidifies  into  a brittle  resin  ; and  this  resin  distilled  with  a small  quantity  of  water, 
yields  trichloraniline,  allerwapils  liquefies,  leaves  a residue  of  ehurcoui,  and  grimes 
off  hydrochloric  acid  and  trichlorophcnic  acid  in  the  form  of  a yellow  offeuaive 
oil  which  crystallises  on  cooling  (Hofmann) : 


and ; 


* OIPN  + Cl«  - C‘H‘CTN  + 3HC1; 

ThchiiiraiiitiMe. 

C*lt'N  + Cl*  + 11*0  = C*IPC1’0  + 21IC1  + NH‘C1. 

Trlcliluroehct)  c 

Acd. 


Trichloraniline  appears  also  to  bo  ftirm^Hl  when  aniline  is  distillcsl  with  liydrochloric 
ucid  and  |x‘rixide  of  mangjim»se.  (Hofmanu.) 

12.  iSrinnitif  forms  with  anhydrous  aniline,  with  preat  evolution  of  heat,  a brown 
solution,  which,  if  the  quantity  of  bromine  is  sufiieioiit,  solidifies  to  a mixture  of  finely 
crystalline  tribronuiniline  and  hvdrobromic  arid  (Kritzsche.) --7?rt/mwr-ttv7/er 
a.ided  to  aniline  dissolved  in  hydrochloric  acitl,  forms  a eonsiJcniblequaHlIty  of  hydr>- 
bnmiic  acid,  and  a precipitate  of  tribromanilino  which  quickly  becomes  crystal- 
line; the  same  substance  is  deposited,  after  l>oiling  auiliue  with  ex<N  SS  of  hydrobrjmic 
acid,  in  the  form  of  a dark  ooloure<l  oil  wdiieh  crj'stallises  on  cooling  (Hofmann), — 

13.  The  diirk  brown  solution  of  iodine  in  aniline,  tlie'fonnation  of  which  is  attended  with 
gTViat  rise  of  tempcrilure,  stjon  deposits  long  needles  of  hydriodate  of  aniline 
(Fritzsche,  Hofmann),  while  the  mother-liquor  retains,  together  with  a portion  of 
this  salt  and  fn'c  iodine,  an  ioduretted  brown  amorphous  resin,  together  with  liydrio- 
dato  of  iodaniliue; 

OIHN  + P = CMPIN.HI. 


14.  Cyanr^grn  acts  differently  from  chlorine,  bromine  and  iodine,  not  removing  a 

portion  of  the  hydrogen  and  taking  its  place,  but  uniting  directly  with  the  aniline,  and 
forming  the  eomj>oiiud  C‘H^NCy  •-  called  cyananiline,  which  is  alsolKisic 

and  forms  salts  with  acids, 

15.  The  hrmnides  and  iodides  of  the  alcohd^radichB  heated  with  aniline  give  rise  to 
substitution-productsinwliiehonoortwoof  thetypiciil  hydrogen-atoms  of  tiieaniliiie  arc 
replaced  bv  alcohol-radicles,  e.  g.  ethyluniline  (C*IP)(C*IH)HN,  diamy lanilinc 
(C*H*)(C*il'*)*N,  methyl-otliyl-aniline  (C*IP)(CH*)(C*n*)N.  Hieso  coniiK>unds 
are  h:ises  like  aniline  itself:  thosjc  in  which  the  whole  of  the  hydr»'geu  is  replaced  by 
alcoliol-nulicles  unite  witli  the  alcoholic  iodides,  forming  iodides  of  bases  belonging  to 
the  ammonium-type;  tlius  dicthylaniline  with  iodide  of  ethyl  forms  the  iodide  of 
triethyl-phenylammonium  (C*H*XC^H*)*NI.  (Hofmann.) 

IG.  Auiliue  heated  with  bromide  of  i thgU  m besi»les  hydrobromate  of  nnilin(\ 

Hjc  hydrobromates  of  three  base.«,  having  the  same  [Krcentage  comptwition  CH^N.HJIr, 
and  separable  by  their  different  degrees  of  solubility  in  alcohol,  the  first  lx*itig 
soluble  in  cold  alcohol ; the  second,  which  forms  the  chief  part  of  the  pi-oduet,  being 
insoluble  in  cold,  but  soluble  in  boiling  alcohol ; the  third,  insoluble  in  alcohol  even 
at  the  boiling  heat.  Their  formation  is  represented  by  tiic  liquation  : 

2C*H^N  + CHPBr’  ^ C’lrN.IIBr  + OH'X.HBr. 

The  second  of  tliese  bases  is  shown,  by  its  reactions  with  bromide  of  ethylene,  iodide  of 

methyl, &c.,tocon8istofdiethylenc-diphonyl-diamine,C‘H"'N*  — 

the  first  is  probably  cthylene-phenylam  i ne  t^IPN,  and  the  third,  triet  hylenc- 
t riphenyl-triaminc  C”H-'N*  Bromide  of  ethylene,  heated  with  a lai^e  excess  of 
auiliue,  forms  ethvleno-diphenyl-diarninc,  according  to  the  equation  4C*H*N  + 

C*H'I3r*  = (C*II‘)»|.X*  + 2(C*ira.IIBr).  (Hofmann,  Proc.  Roy.  Soc.  ii.  277  ; 

X.  104).  The  formation  of  a base  having  the  composition  C?II*N,  by  tbe  action  of 
chlorine  on  chloride  of  (thghnr^  had  previously  been  observed  by  Nutanson  (Ann. 
Cb.  Pharm.  xcviii.  202). 

17.  Aldehyde  {oxide  of  ethylitleno,  C’lPO)  acts  uj»on  aniline  in  a similar  manner, 
producing  two  compounds  isonimc  with  the  ethylene-bases  just  mentioned,  but  diff'ering 
from  them  in  properties,  and  re)at<‘d  to  them  in  the  same  manner  os  aldehyde  to  oxide 
of  ethylene,  that  is  to  say,  containing  cthylideno  in.‘*tead  of  ethylene.  With  vaUralde- 
hyde,  ceuautfud,  benzoic  (ddehyde  (bitter  almond  oil)  and  other  aldehydes,  analogous 
reactions  are  productKl,  resulting,  howev<T,  in  each  ease,  in  the  formation  of  only  one 


Digitized  by  Google 


MONOPIIKNYLAMINE  OR  ANILINE. 


425 


compound  amilogoiis  fo  the  prcwtUnp,  namely  ii  compound  containing  2 at.  of  the 
aldtnyde-nulicle,  the  gencml  equation  of  the  reaction  being ; 


+ OU-0 


(C-H™)r 
(c*ip)>  : 


+ 


2U*0. 


With  acttona  or  ktimcs  no  such  reaction  takes  place  (II.  Schiff,  Ann.  Ch.Pharm. 
SuppL  Hi.  342).  See  IhiE.SYi.-DiAMiNBs. 

18.  Aniline  heated  with  an  equal  volume  of  cJtiorofortn  to  180° — 190®  in  a sealed 

(cny-i 

tube, yields  hydrochlorato  of  xylyl*diphenyl-diamiue(C*H*)*>N*  together  with 

II  ) 


hydrochlorato  of  aniline  (Hofmann,  loc.  cU.) : 

4C*H^N  + CnCl*  = C'*ll'^N*.nCl  + 2(C-irN.HCl). 

19.  Tetrachloride  of  carbon  heated  with  three  times  its  volume  of  aniline  for  about 
thirty  hours  to  170° — 180°  yields  a blackish  mass  partly  soluble  in  watt  r.  Trom  the 
aqueous  solution,  potash  separates  an  oily  precipitate  which  wiien  distilled  with  potash 
gives  off  a considerable  quantity  of  unaltered  aniline,  whilst  a viscid  oil  remains 
behind  and  gradually  soliditit^  to  a crystalline  mass,  which  w'hen  washed  with  cold 
(ilcobol  and  crystallised  twoorthree  times  from  boiling  alcohol,  yiehU  a perfectly  wliiU^ 
crystidline  body  consisting  of  carbotriphenyltriamine  C'MPN*  wliilst  the 
alcohol  retains  in  solution  a substiince  of  a magniticent  crimson  colour.  The  forma- 
tion of  carbotriphenyltriamine  is  represented  by  the  equation: 


6C«H»K  r CC1»  = (C-IinnX*  ♦ 3(C«n’N.UCl)  + HCl. 

n*  i 


The  portion  of  the  block  mass  which  is  insoluble  in  water,  dissolves  almost  entirely 
in  dilute  hydrochloric  acid,  from  which  it  is  precipitated  by  alkalis  ns  an  amorphous, 
pink  or  din^  precipitate  soluble  in  alcohol  with  a rich  crimson  colour.  The  greater 
portion  of  this  body  consists  of  the  same  colouring  principle  which  accompanies  the 
white  crystalline  8ul>stance.  (Hofmann,  l*roc.  Itoy.  Soc.  ix.  2S4.J 

20.  With  cUoride  of  carbonyl  (phosgene  gos)  aniline  yields  a mixture  of  hydroclilo* 
rate  of  aniline  and  dipheuylcarbamido,  perhaps  thus: 

3Cm^N  + COCl*  = (CO)"(C«H»)HI*N*  + C^H’N.HCl  + HO. 

21.  Diy  gaseous  chloride  of  cyanogen  converts  anhydrous  aniline  into  melnnilino  ; 
vrith  an  aqueous  solution  of  the  gas,  aniline  forms  phony  lea  rbamido  (Hofmann): 

2C*H^  + CNCl  = C"H»NMICI. 

Aniline.  ll;droclilorm«  ] 

of  raeUniline. 


2C*H»N  + CNCl  + U-0  - (C0nC*H7H»N«  + C'lPK.HCL 

Aniline.  rbenyl-carb-  IlytlrochlonUc 

atniUc.  of  aniline. 

l)ry  chloride  of  cyanogen  passed  through  on  ethereal  solution  of  aniline  cooletl  with 
ice,  forms  cyanilido  OH*CyN,  and  hydrochlorato  of  aniline  (Cahours  and  does, 
Compt.  ren<£  xxxviii.  364): 

2C*H’N  CyCl  « C^*CyN  + C*H’N.UCJ. 

22.  Bromide  of  cyanogen  acts  upon  aniline  like  volatile  cliloridc  of  cyanogen,  form- 
ing hydrobpo'mate  of  melaniline,  and  [in  presence  of  water?)  a small 
quantity  of  phenyl-carbamide  (Hofmann). — 23.  Jodidc  of  cyanogen  forms  with 
aniline:  iodaniline,  a brown  pr^uct  containing  iodine,  and  hydrocyanic  acid 
(Hofmann). — 24.  When  perauiphocyanic  acid  (p.  374)  is  heated  with  anhydrous 
aniline,  the  mixture  melts,  and  solidifies  on  cooling  into  a mass  which  dissolves  in  boiling 
alcohol  and  ether,  and  when  boiled  with  water  containing  a little  potash,  leaves  a residue 
ofsidphur,  and  yields  a filtrate  from  which  hydrochloric  acid  procipitatf'S,  together 
with  sulphur,  ciystalline scales  which  dissolve  in  boiling  alcoholand  ether.  (Laurent 
and  Gerhardt,  Ann.  Ch.  Phys.  [3]  xxiv.  198.) 

26.  With  oxychloride  of  ph^iephoruSy  anhydrous  aniline  forms  triphenyl-phos- 
pb amide  and  hydrocblorate  of  aniline : 

(PO)") 

6(C«H*.H*.N)  + P0Cl>  = 3(C*H’N.HC1)  + (C«H*)>VN». 


With  aidphochloride  of  phoaphorus^  u white  mass  is  formed  containing  hydrochlorato 
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of  aniline  ami  prol^aUj  triphenyl-sulphophoepbaniide, 

(Scluff,  Ann.  Ch.  Pliarm.  ci.  299.) 

26.  Chloride  of  her^zo^l  converts  aniline  into  a mixture  of  hydrocUlomle  of  aniline 
ami  phonyl-bcnzumulo,  (C’U*0)(C*IP)1IN.  In  like  manner  with  the  chlorides 
of  eumyl,  cinnamyl,  and  ani$yl,  aniline  yields  jihenyl-cumylamide,  phonyl-cinnamidc, 
and  phenyl-anisamide. 


27.  With  fuliihophcnylic  chloride,  C®1I^0^C1,  it  forms  phen N'l-sulphophen \’la- 
C“1P  ) 


mine,  C‘H*SO'-*>N,  or  thiophenylamic  acid,  (80)"  (Chlozza  and  Biffi, 
II  i II 

Girhardfa  Traiie,  iii.  981): 


MPN.C'lI'SO’Cl  = C‘-U“NSO*  + IICL 


28.  Strong  sulphuric  acid  converts  aniline  into  phenj'l-sulphamic  acid, 
CTI’NSO*,  which  when  Ik  at»*d  with  excess  of  fuming  sulphuric  acid,  yields  phenyl- 
disulphnmic  acid,  C‘^Il^NS-0*  (Buckton  and  Hofmann,  Clnin.  Soc.  J.  ix-  260). 
26.  With  pktfsphoric  anhydride  it  appears  to  form  pheny l-phosphumic  acici, 

C«jp  ) 

C'*II*NP0*  **  (Ann.  Ch.  Pharm.  ciii.  108).  27.  ITciitcd  with  various 

organic  acids,  it  also  forms  the  corresponding  phenylamic  acids  (p.  419). 

29.  With  cynnic  rtcirf,  aniline  furms  phenyl-carbamide,  (CO)"(C*lI*)n*N*  or 
diphenyl-carbamido  (CO)'*(C*H^)*H*N*,  according  to  the  circumstances  of  the 
reaction  (i.  Ih5), 

30.  Witli  sulphide  of  carbon  it  forms  phenyl-sulphocarbamide,  (CS)"(C*H*)* 
IHN’ (Hofmann,  i.  76Cb  The  same  compound  is  productKl  by  distilling  a mixturo 
of  aniline,  sulphuric  acid,  and  sulphocyanate  of  potassium.  According  to  Croesley 
(Chem.  News,  iv.  190),  a mixture  of  aniline  and  sulphide  of  carbon  is  converted  in  a 
few  days,  with  evolution  of  sulphuretted  hydrogen,  into  u cream-ccdoured  fatty  substance, 
which  ou  addition  of  fuming  nitric  acid  yields  a dirty  brown  and  a crimson  compound. 

31.  A solution  of  aniline  and  guinone  tn  a large  quantity  of  boiling  alcohol  depoaita 
crystals  of  diphenyl-quinoyl-diamide,  while  hydroquiuono  remains  in 


solution : 

(cni‘)>  1 

2C*H’N 

+ SCII'O’ 

= (C’II’0»i"In> 

2C‘E«0*. 

IP  s 

AulUne. 

(juinono. 

Diplii'nj-l-<)uiuo}U 

iKamide. 

Hydroqumone. 

32.  Wit  h^wrcA/oro^wirtonr  (chloranil),  aniline  forms  diphenyl-dichloroquinoyl- 
d i a m i d e and  liydrc^hloratc  of  aniline : 

(C‘II»)*  ) 

4C'H'N  + C*CPO»  - (C^IW)"[N’  + 2(C“H^N.IIC1). 


(Hofmann,  Proc.  Roy.  Soc.  xiii.  4).  This  latter  reaction  w.is  first  studied  by  Hesse 
(Ann.  Ch.  Pharm.  cxiv.  292),  w'ho  rt^gardtd  tho  amide  produced  in  it  us  dichloro- 

quinoyl-pentaphenyl pen t amide,  (Cn*)*(C"Cl'0“)*H*N*. 

Balts  of  A&illne.  These  salts  may  be  regarded  cither  as  compounds  of  aniline 
with  acids,  or  of  phonyl-ammonium,  01I*N,  with  acid  nidicles:  e.g.  C^II^N.HCl  = 
C'IPNCl.  They  are  all  soluble  in  water  and  alcohol,  and  most  of  them  ciystnlUse 
with  great  facility:  hence  tho  name  crystalline,  originally  applied  to  aniline,  AnUine 
salts  are  mostly  colourless,  but  turn  red  when  exposed  to  the  air,  especially  if  they  arc 
moist,  atvjuiring  at  the  same  time  tv  faint  odour.  With  hypochlorite  of  calcium  and 
chromic  acid  they  exhibit  the  colour-reactions  already  described  (p.  422),  and  when 
niixcHl  with  an  acid,  colour  firwood  and  cldcr-pith  deep  yellow. 

Acetate  of  Aniline  is  uncrystallisable. 

bromhydrate  or  hydrobromate,  forms  well-defined  ciystals 

usually  having  a violet  tinge,  and  somewhat  less  soluble  than  the  bydrochlorato.  It 
may  be  sublimed  without  decomposition. 

The  butyrate  is  an  oily  salt,  sparingly  soluble  in  water. 

Carbonate  of  Aniline  does  not  appear  to  exist. 

Chlorhydraie  or  llydrochlorate  of  OH'N.HCl or  C*U*NC1,  forms 

noodles  very  soluble  in  water  and  alcohol,  and  capable  of  subliming  without  decompo- 
sition. It  forms  ^*ith  tricldoride  of  gold  a yellow  precipitate  which  quickly  turns  brown ; 
with  ^laiinic  cldoridc  in  cold  concentrated  solutions,  an  orango-yeUow  crystalline  pulp  ; 
and  in  dilute  or  warm  solutions,  beautiful  yellow  uecdles  of  tho  chloroplatmate, 
2C*H»NCLPt*’CP. 
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Citrate  of  Aniline,  or  OII*N  VO*.— An  alcoholic  solution  of 

IP  ) 

1 at.  citric  acid  mixtsl  with  1 at.  anilino  containing  a small  quantity  of  wator,  dries  up, 
in  Tucuo  over  oil  of  vitriol,  to  a viscid  brown-red  mass,  in  wliich  cr}  fitals  begin  to  ap- 
pt^ar  after  a while,  ultimately  filling  the  entire  muss.  This  cr)*btalline  product  ia 
triturated  with  a small  quantity  of  alcohol,  the  liquid  squeezed  out  through  linen,  the 
residue  dissolved  in  strong  alcohol,  and  the  solution  left  over  oil  of  vitriol  till  it  crystal- 
lises. It  forms  slender  Jiet*dles  united  in  rounded  groups,  melting  at  a temperature  a 
little  below  lOU*^,  vtiy  soluble  in  alcohol,  and  still  more  in  water.  Heated  to  a tem- 
jH*niture  between  HO'*  and  150®,  it  gives  off  water  and  yields  citranilic  acid  (i.  100). 

Tho  dibasic  and  tribasic  citrates  of  aniline  donut  appear  to  crystallise.  (Pebal, 
Ann.  Ch.  Plmmi.  bLXxii.  91.) 

Fluoeilicate  of  Aniline  appears  to  be  produced  by  the  direct  combination  of  ani- 
line with  f uoride  of  silicon.  93  pts.  of  aniline  absorbing  63'3  pts.  of  tho  gas,  and  forming 
a slightly  yellow  mass  which  may  be  sublimed,  dissolves  sparingly  in  boiling  alcohol,  and 
is  deposited  therefrom  in  small  shining  himiiuo.  Water  decomposes  it,  sepamting 
gelatinous  silica.  Wlien  moistened  with  ammonia,  heated,  and  calcined,  it  leavt*«  but 
u very  slight  residue  of  silica.  Laurent  and  Del  bos  (Ann.  Ch.  l‘hys.  [3]  xxii.  101), 
wIjo  prepared  this  compound,  reganbd  it  us  phenyl-fluosilicamido  or  tluosilicanilide. 

lodhtfdrate  or  IJydriodate  of  Aniline,  C*H*NI,  forms  needlea  very  soluble  in 
water  and  alcohol,  less  soluble  in  ether, 

Mcllitaie  of  Aniline.  Aqueous  aniline  forms  with  aqueous  mellitieacida  turbid 
liquid  which  gradually'  deposits  scales  resembling  benzoic  acid.  These  crystals  dissolve 
easily  in  water,  also  in  hot  alcohol,  but  the  salt  no  longer  crystallises  therefrom.  It 
turns  yellow  at  105°  and  gives  off  aniline.  It  appc.irs  to  be  an  acid  salt,  C‘H(C*II'*X)0\ 

Nitrate  of  Aniline,  C'lrX.KHO’,  separates  after  some  time  from  a mixtun'  of 
anilino  and  dilute  nitric  acid,  in  concentric  needles,  which  may  bt^  purified  by  pressure 
between  folds  of  bibulous  paper.  The  niolhcr-liquor  is  i\*d,  and  an  efi3or»‘sctnco  having 
a fine  blue  colour  forms  on  the  sides  of  the  btisin.  The  crystals  do  not  suffer  any  loss 
of  w«  ight  at  150°;  at  a somewhat  higher  temperature,  the  salt  sublimt'S  unaltered,  but 
at  190°  water  is  given  off,  together  with  a tarry  liquid  from  wliich  nitranilino  may  bo 
sxt meted  by  hydrocblorie  acid  (B^'champ,  Compt.  rend.  lii.  660) : 

C-IPN.XHO>  « IPO  + C'n«(N0*)N. 

Tiic  F.alt  heated  with  anilino  is  converted  into  nitrate  of  rosaniline  (see  Appexuix  to 
i’tiENYi-AMiNEs.  With  aqueous  cMortde of  iodine  containing  a slight  excess  of  icKlino, 
it  yields  a bluish-green  pmci[ntate,  quickly  turning  black,  an<l  containing  (o)  a sub- 
stanee  soluble  in  sulphide  of  carlion,  and  crj'st.nllisiug  therefrom  in  nearly  ctdourh  ss 
iieeilles  containing  15*7  per  cent,  carls^n,  1-07  hydrogen,  66  23  iodine,  3 22  nitrogen, 
ami  13*82  oxygem;  (6)  a purplish  mbslance  ctystallising  in  lamina*,  insoluble  in  sul- 
phide of  carlKin ; and  (c)  a dark-coloured  amorphous  l^y.  The  same  products  are 
obtaini'd  b^  the  action  of  chloride  of  iwline  on  the  oxalate,  and  probably  also  on  other 
salts  of  aniline.  (Stenhouse,  Chem.  Soc.  J.  xrii.  328.) 

Osalate  of  Aniline,  2C®1PN.C'1P0*  = C'(C*IPN)*0*. — A boiling  alcoholic  solu- 
tion of  oxalic  acid  saturated  with  aniline,  yields  a magma  of  ciystals  which  may  be 
purified  by  washing  with  alcohol,  and  pressure  between  paper.  From  a hot  saturated 
aqueous  solution,  the  salt  crj'stallises  in  stellate  groups  of  oblique  rhomboidul  prisms. 
It  is  anhydrous,  moderately  soluble  in  hot  water,  sparingly  soluble  in  alcohol,  insoluble 
in  ether.  Tho  aqueous  solution  becomes  acid  spontam^ousl)*  and  d^Kisits  a brown 
powder  on  exp<»ure  to  the  air.  AVhen  heated  rather  strongly,  it  gives  off  aniline,  water, 
carbonic  oxide  and  carbonic  anhydride,  and  leaves  a residue  coutaining  diphciiyloxAmide 
and  phenyl-formamide  (p.  285). 

According  to  Piria(Cimento,  il  305)  perfectly  pure  oxalate  of  aniline  maybe  heated 
in  the  oil-bath  betw(cn  160°  and  180°  without  fusion  and  without  pr^uction  of 
phenyl-formamide,  the  residue,  which  is  perfectly  wliite  and  crystalline,  consisting 
wholly  of  diphenyloxnmido ; but  oxalate  of  aniline  in  a less  pur<'  state  yields  phenyl- 
formamide  ns  well  as  diphenyloxamtde. 

Phenyloxamate  or  Oxanilaie  of  Aniline  (acid),  C*H*(C*H'’N)NO*  C*IPNO*. — 
This  salt  is  obtained  by  frequent  rccr>*8tallisation  of  tho  brown  crystals  which  are  de- 
positcKl  from  the  solution  of  the  crude  product  of  the  action  of  oxalic  acid  upon  aniline 
in  Ixjiling  wattr.  It  retains  a brown  tinge  even  after  rep‘ated  crystallisation,  and 
forms  confused,  often  interlaci-d  needles,  d<^titute  of  lustre,  sparingly  soluble  in  cold 
water,  easily  in  l^oHing  water.  When  heated  it  gives  off  aniline  and  the  products  of 
decompo«itioD  of  nlienyluxaniie  acid.  The  solutiou  mixed  with  hydrochloric  acid  docs 
not  deposit  plicnjdoxamic  acid 
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phenyl suli>hnmate  or  Stilphanilate  of  Aniline^  HopiiratoH  fn>m a Holutiou  uf 
plu'iiylsulpimimc  acid  in  water  coataiuing  aniline,  the  liquid  first  however  depositing 
unaltered  pheuylaulphiimie  acid. 

Phoephaies  of  ^ni7inr. — a.  Orthi^phoephaUs. — o.  Dianilic,  C‘*II'^N*PO*  — 

ro*"  -1 

(C*ll"N)*  >0*. — Concentrated  phosphoric  acid  supersaturated  with  aniline,  solidifies 
H ) 

immediately  in  a white  crj'Rtallinc  mass,  which,  after  being  pressed,  dissolved  in  a hii^^ 
quantity  of  boiling  alcohol,  strained  through  a hot  filter,  and  cooh*d,  yields  fie.sh-colour<^ 
nacreous,  inodorous  laminae,  which  slightly  reddi  n litmus ; they  must  l>e  pressed  be- 
tween paper  and  dried  on  a warm  tile.  At  100®  they  turn  red  and  give  off  atiilino; 
melt  at  a stronger  hciit,  and  finally  leave  mctaphosphoric  acid  (coloured,  according  to 
Gerhardt,  by  the  carbonisjition  of  a small  quantity  of  aniline)  while  the  aniline  vohi- 
tilU(‘8.  They  dissolve  readily  in  water  and  ether,  sparingly  in  cold  alcohol,  but  so 
abundantly  in  hot  alcohol,  tliat  the  liquid  solidifies  ou  cooling.  (E.  C.  Nicholson, 
Ann.  Ch.  Pbarm.  lix.  213.) 

(ro)'") 

Mvrto-anilic,  C*H'®NPO*  = C*U"N>0*. — The  aqueous  solution  of  the  salt  a 
H*  ) 

mixed  with  phosphoric  acid  till  it  no  longer  precipitates  chloride  of  barium,  yields,  in 
a few  hours,  after  evaporation  over  the  water-bath,  white  silky  needles,  which  must 
be  cooled  with  ether  and  dried  on  a warm  tile;  they  turn  red  in  the  air,  and  dissolve 
readily  in  water,  alcohol  and  ether;  in  water,  however,  the  salt  a is  formed  at  the 
same  time.  (N  icholson.) 

(P*0»)»*  ) 

b.  Pyrophosphate,  C’’U'*N’P^0MI*0c*(C*JI*N)*>0Mr'*0. — Concentrated  pyrophos- 

IP  ) 

phoric  acid  obtained  by  decomposing  pyrophosphate  of  leail  with  sulphuretted  hydrogen 
forms  with  excess  of  aniline,  a g<  lutinous  hardening  precipitate  which  is  a inixturt^  of 
tetrunilic  and  dianilic  tuilt.  The  former  cannot  be  prejmred  iu  the  pure  state,  hut  the 
dianilic  salt  is  obtaiued  by  heating  the  mixture  till  solution  takes  place,  supersaturating 
with  acid,  and  evaporating  over  the  water-bath,  as  a mass  of  necdle-shapi'd  crystals 
wliich  must  bo  pressed  between  paper,  washed  with  ether,  and  dried  in  vacuo.  TIic 
silky  needles  resemble  sulphate  of  quiniue,  are  strongly  aciii,  turn  red  on  exposuri'  to 
the  air,  both  in  the  solid  state  and  in  solution,  and  are  soluble  in  water,  but  quite 
insoluble  in  alcohol  and  ether.  (Nicholson.) 

Mciaphosphate,  C*II‘NPO*  ->  — Thcconcenlrated  solution  of  glacial  phos- 

phoric acid  added  in  largo  excess  to  aniline  or  to  its  solution  in  alcohol  or  ether,  throws 
down  a white  jelly,  whicn  must  bo  washed  on  the  filter  with  ether  till  the  odour  of 
aniline  disappears,  and  dried  in  vucuo  over  oil  of  \ntriol.  It  is  a white  amorphous 
mass,  which  reddens  litmus,  becomes  glutinous  and  rose-coloured  on  exposure  to  tltc 
air,  and  dissolves  in  water,  but  is  quite  insolubh*  in  alcohol  and  ether.  The  aqueous 
solution  is  alterc'd,  by  boiling  in  consequence  of  the  formation  of  ortliophosphorie 
acid ; it  dissolves  meUphosphate  of  silver,  but  afferwards  turns  red  on  l^iliug,  the 
silver-salt  being  partly  reduced.  (N  icholson.) 

Picrate  of  Aniline. — The  lemon-yellow  precipitate  which  an  excess  of  of  alco- 
holic picric  acid  forms  with  aniline,  dissolves  in  boiling  alcohol  and  cr}'stnllises  on 
cooling. 

Pyrotartrate  of  Aniline  is  a crystallibablG  salt,  the  solution  of  which  dries  up 
to  a brown  syrup. 

Succinate  of  Aniline  forms  thin  oblique  rectangular  prisms  of  a pale  rose  colour. 

Sulphate  of  Aniline,  (OII*N)*SO*. — A mixture  of  aniline  and  sulnh  uric  acid 
immcdiatcljr  solidfies  to  a ^stallinc  pulp  which  must  be  pressed  and  purified  by  ri- 
ciystallisatiun.  The  salt  is  easily  soluble  in  water,  less  soluble  in  dilate  alcohol,  still 
less  in  absolute  alcohol,  insoluble  in  ether.  An  alcoholic  solution  saturated  at  the 
boilinff  heat  solidifies  on  cooling.  It  majr  he  heated  to  100°  without  alteration.  When 
carefully  raised  to  a higlu  r temperature,  it  gives  oflf  water  and  anilino,  and  is  converted 
into  phenylsluphamic  acid.  At  a atiU  higher  temperature,  it  suffers  further  decompo- 
sition, gives  off  sulphurous  anhydride  and  sulphite  of  aniline,  and  leaves  cbarcoal. 

Sulphite  of  Aniline  is  obtained  as  a radiate  crystalline  mass,  by  treating  aniline 
with  sulphurous  anhydride  ( ? moist). 

Sul  phobem  ola  t eot  Sulpha  pheny  late  of  Aniline,  C*H\C*lI"N).‘iO*,  obtained 
by  dropping  anilino  into  a hot  solution  of  sulphobenzolic  acid  (y.  f.),  ciystallises  in 
long  silky  needles  arranged  in  stellate  groups,  and  generally  eihibitiug  u reddish  tint. 
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They  molt  at  201°,  and  tho  fawd  salt  solidifies  in  n stellate  crystalline  mass ; it 
siiWimes  below  tho  melting  point  in  colourless  crystals.  Dissolves  n adily  in  water 
and  alcohol,  sparingly  in  ether.  (Oericke,  Ann.  Cli.  I’harm.  c.  217.) 

Sulphocyanale  of  Aniline,  C'H’N'.CNH.S. — Aqm-ous  snlphoeyanic  acid  satur- 
ated with  aiiilinc  deposits  on  evaporation,  red  oily  drops  which  gradually  solidify  in 
the  crystallino  form.  Tho  crystalline  mass  melts  when  gently  heated ; then  gives  off 
sulphuretted  hydrogen  and  sulphide  of  ammonium,  with  violent  ebullition  ; and  when 
more  strongly  heated,  yields  an  oily  distillate  of  sulphide  of  carbon  and  sulphide  of 
ammonium  together  with  diphenylsulphoparbamide,  and  leaves  a pale  resinous  residue : 
2(C*H’N.CNnS)  = C’*n'*N^.S  + CN’II'S. 

DichenyUiitphow  SulphocyanAte 

carbamide.  of  ammonium. 


But  the  latter  is  further  resolvul  at  the  given  temperature  into  sulphide  of  carbon,  sul- 
phide of  ammonium,  and  a residue  of  melloue,  to  which  however  an  aniline-compound 
adhen-s.  (Laurent  and  Oerhardt.) 

Tartrate  of  Aniline. — Aqueous  tartaric  acid  solidifies  in  contact  with  aniline. 
The  salt  crystallises  from  hot  water  in  m-edles.  (Hofmann.) 

Compounds  of  Aniline  with  Mdedlic  Sidts. — Aniline  unites  directly  with  a con- 
siderable number  of  tnetallie  salts  forming  com(>ouuds  which  may  be  regarded  as  chlo- 
rides, sulphates,  &c.,  of  phenylammoniums  containing  metals.  Oerhardt,  by  treating 
aniline  wrth  mercuric  chloride,  obtained  the  salt  2C*H*N.Hg  01*  or  C**H**Hg  N*.C1*, 
and  a similar  compound  with  chloride  of  palladium.  More  recently  this  class  of  com- 
pounds has  been  examined  by  II.  Sehiff  (Ann.  Cli.  Pharm.  exxv.  360  ; cxxvii.  337.— 
Bull.  Soc.  Chim.  v.  G.r),  who  has  prepared  a ctmsiderable  numberof  them.  They  may  bo 
represented  by  the  gencml  formula  : 

M(“>  V 

«0*H’S.Mi“>X*  ==  (C‘H*)*  lX“.X» ; 

H-  j 


in  which  M<“’  denotes  an  «-atomic  metal,  and  X a monatomic  salt-rudicle,  such  aa 
Cl,  NO*,  &C.,  X*  being  of  course  replaceable  by  X",  X*  by  X",  &c.  e.  g. : 

Sulphate  of  Zincodiphenvl-diammonium,  2C*IPN./,u  Cl*  *=  (C*H*)*H*Zu  N*.C1*. 

Chloride  of  Stibio-triphenyl-triammonium,  3C*II*N.Sb  Cl*  = (C*II*)*H*Sb  N*.C1*. 

Chloride  of  Stanuico-tetraphenyl-tetram-  j 4C*H'N.Sn‘’Cl*  = (C*Il*)'II‘Sn"N*.Cl'. 
monium,  ) 


These  salts  are  colourless,  permanent  in  Oie  air,  and  c^sbdlise  well.  Some  of  them 
artt  soluble  in  water;  some  may  be  fused,  sublimed,  or  distilled  without  decomposition. 
For  tho  description  of  tho  individual  compounds,  see  Phestlammoxiums. 


SuBSTITCTION-DEUt  VATITKS  OF  AxiLISE. 

The  derivatives  of  monophenylamino  or  aniline,  ^g,|N,  may  be  arranged  in  two 

well-defined  groups,  namely,  1.  Those  which  are  formed  by  substitution  of  bromine, 
chlorine,  cyanogen,  iodine,  nitrogen  or  uitiyl  for  one  or  more  atoms  of  hydrogen 

belonging  to  the  phenyl-radicle  CAVi' \ t.g.  hroirumiline,  dinitraniline. 


C*n*(NO*)*i.„ 

H*  5 

2.  Tlioso  wliich  aro  formed  by  substitution  of  ulcoboI-radicIoH  or  acid-radiclos 
for  the  extra-radical  or  typic  hydrogen,  e.g.  elhglaniline,  C*H‘|n,  phenglacetamide. 


C*H>) 

C*H*0  ).N,  &c. 

H 1 

I.  Dkbivai.tes  of  Amline  fobmbi)  by  KEPLACiiaEXT  OF  Hydrogen  within  the 

Phenyl-radicle. 

The  radical  hydrogen  of  aniline  may  be  replaced,  to  tho  extent  of  1,  2,  or  3 atoms 
by  chlorine,  bromine,  or  niliyl.  The  trichloro-  and  tribromo-compounds  are  formed 
by  the  direct  action  of  chlorine  or  bromine  on  aniline;  those  containing  only  1 or  2 
at.  chlorine  or  bromine,  as  well  lus  the  nitro-corapounds,  are  not  obtained  directly  from 
aniline.  These  substitution-compounds  aro  less  basic  in  proportion  to  tho  number  of 
hyd^en-atoms  replaced.  Mono-  und  di-bromo-phenylamine  are  basic ; so  likewise 
are  the  monochlorinateil  and  mononitro-compounds ; but  the  tribromo-.  dichloro-, 
trichloro-,  dinitro-  and  trinitro-phenylamines  nre  neutral.  One  atom  of  radical  hydrogen 
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in  aniline  may’also  l>c  replaced  l>y  iodine,  and  by  cj’anogon.  lodopbonylamine, 
is  obtained  by  the  direct  action  of  iodine  on  aniline ; and  cyanophenylamino  or 
ryanilide,  ••  C*II*^CN)N,  by  thatof  chloride  of  cyanonen  on  aactheri*al  solution 

of  aniline  cooled  by  ice.  lodophrnylumino  is  basic;  cyanopliouylamine  is  neutral. 

In  connection  with  the  last-raentioned  compound  must  also  bo  mentioned  a base 
called  cyan  aniline,  produced  by  the  direct  action  of  cyanogen  on  aniline,  and  con- 
taining = C*irX.Cy,  that  is  to  say,  the  elements  of  cyanogen  and  aniline 

Qnittd  without  rliminution  of  hydrogen. 

Then*  is  also  a group  of  compounds  called  azophenylamincs  in  which  1 at. 
nitrogen  takes  the  place  of  3 at.  hydn^en. 

The  monochloro-*  bromo-,  and  uitro-phenylamines  arc  susceptible  of  two  isomeric 
modifications. 


A zopheny  famines. 

These  are  bastjs  produced  by  the  action  of  nitrous  acid  on  aniline,  and  on  the 
bromo-,  chloro-,  iodo-,  and  nitro-phenylamines  nboro  mentioned,  and  derivable  there- 
from by  the  substitution  of  1 at.  nitrogen  for  3 at.' hydrogen.  They  may  also  be  re- 
garded as  formed  from  benzene,  C*U*,  and  its  derivatives,  bromol>enzene,  nilrol)enzeiie, 
&c.,by  the  substitution  of  1 at.  nitrogen  fur  1 at.  hydrogen  ; and  this  is  the  view  of  their 
constitution  entertained  by  Griess,  by  whom  they  have  all  been  discovered  and 
investigated  (Phil.  Trans.  1864,  Pt.  lii.  p.  CG7). 

Amopbenjlamioe*^  or  Axa&Ulne»  *=  (N,  or  Dtazobenzene, 

p«TTW'» 

— This  base  is  obtained  as  a nitrate;  1.  By  the  action  of  nitrous  acid  on 
nitrate  of  aniline : 

C*H^N  + NUO»  « + 2IPO. 

Nitrate  of  aniline  ground  to  a paste  with  water  is  submitted  to  (ho  action  of  nitrous 
acid  gas  in  a vessel  externally  cooled  so  a.s  to  prevent  the  tomperaturo  rising  above 
30^.  The  salt  tlicn  gmdually  dissolvi's,  and  as  suoti  as  it  has  all  disappeared,  the  solu- 
tion is  filtered  to  remove  traces  of  a brown  resin,  then  mixid  with  3 vol.  strong  alco- 
hol, and  ether  is  added  to  precipitate  the  nitrate  of  azophenylaminc.  The  precipitated 
ciystals  arc  s<  pnrated  from  the  mother-liqnor  by  filtration,  and  d(*colorised  by  solution 
in  cold  dilute  alcohol,  and  reprecipitation  w ith  ether. 

2.  By  the  action  of  nitrous  acid  on  azodiphcnyldiaminc,'  ' > N*,  dissolved  in 

ether  and  mixed  with  nitric  acid  : 


C»’1P‘N»  + NIIO*  + 2NIIO>  « 2(C'‘IPN’.NHO»)  + 2H»0. 

Az(K]iphen3-l-  Nitrate  orazopticnyU 

diatnino.  amine. 

3.  By  tlm  direct  action  of  nitrous  acid  on  aniline  mixe<l  with  i vol.  alcohol,  in  which 
case  it  is  probable  that  azodiphenyldiamine  is  first  formed  (p.  460)  and  then  converted 
into  nitrate  of  azophenylamino  as  above. 

4.  By  the  action  of  nitroiw  acid  on  nitrate  of  ethylajiiline  ; 

C»H*(C»H»)N,NIIO*  + MTO*  = Cni'N’.NllO*  + C*IPO  + H^O. 

A very  concentnited  solution  of  nitrate  of  nzophenylamine  mixed  with  very  strong 

caustic  potash  ami  cvnpomted  over  the  water-bath,  yields  a compound  of  azopheny- 
lamine  with  potash,  C*IPN*.KIIO;  and  the  aqueous  solution  of  thi.s  compound  mixed 
^vith  acetic  acid,  deposits  nzophenylamine  as  a thick  yellow  oil,  having  a peculiar 
odour,  and  remarkable  for  its  extreme  instability.  It  soon  begins  to  give  oflT  nitrogen, 
and  is  rapidly  converted  into  a brownish-rt‘d  substance ; the  decomiwition  is  atioudod 
with  considerable  rise  of  tempi*rature,  which,  when  lai^e  quantities  are  concerned,  may 
give  rise  to  dangerous  cxplc^ions.  Ether  dissolves  it  instantly,  with  violent  evolution 
of  gas,  and  forms  a red  solution. 

Compounds  of  Azopiientlamine. — Azophenylamin<'  unites  both  with  ncid.s,  and 
with  other  bases  organic  and  iuoiganic;  but  the  compoimds  are  best  obtainwi  by 
indirect  methods. 

Bromine-compounds. — The  kpdrohromate,  OH^N*.HBr,  is  produced,  together 
with  tribromaniline,  by  the  action  of  bromine  on  azodiphenyldiamine,  as  shown  by 
the  equation : 

C'-H”N>  + Br*  « C*H'N^ni3r  + + 2HBr. 


* The  term  azophenjlamine  was  spplietl  by  Gerh.irdt to  Ztniti’t  semibenstdAm,  C^ICN*  : but  thU 
bodr  hM  the  composition  of  amldophcnjrlainlne,  D'H*(NH<)N,  or  of  phenf  lene-d iaio  inr. 
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On  adding  an  ethereal  solution  of  bromine  by  drops  to  a moderately  strong  solution 
of  azodlphenyldiamiiic,  a crystalline  precipitulo  of  hydrobromate  of  azophenyluniine 
is  produced,  while  tribromaniline  remains  in  solution.  The  cry  stals  must  be  quickly 
washed  with  ether  and  dried  over  oil  of  vitrioL 

Hydrobromate  of  azophcnylamine  crystalliaes  in  white  nacreous  scales  easily  8olubl*» 
in  U'iiUr^  less  stdubU*  in  alctthiA,  insoluble  in  tthir.  The  solutions  have  a strong  acid 
reaction.  Tht^  salt  is  very  unstable,  decomposing  spontaneously  with  a peeuliar  odour, 
and  exploding  with  violence  by  heat,  friction  or  pressure.  The  aqueous  solution  treati'd 
with  moist  chioridr  of  stiver  yields  bromide  of  silver  and  hydrochlonito  of  azophenyl- 
amino  or  chloride  of  azophenylammonium. 

Bromoplatinate,  2(C*H.*N*.HBr)Pt‘’Br^. — Obtained  as  an  insoluble  reddish-yellow 
precipitate  on  mixing  platinic  bromide  with  aqueous  nitnite  of  azophenylamine.  It  is 
decomposed  by  beating  with  carbonate  of  sodium,  in  the  same  manner  as  the  chloro- 
plutiiiuto  {infra)  yielding  bromobenzeno. 

Pcrhroniide  of  Asopheuytaminoitium,  ^ |xDr*. — This  com- 

pound, probably  nnalc^us  in  constitution  to  the  tri-iodide  of  tetrethylammonium,  is 
produced  by  the  action  of  bromine  on  nitrate  of  azoplienylamine.  On  adding  a small 
quantity  of  bromine-water  to  an  aqueous  solution  of  the  nitrate,  a W’hite  crystalline  pre- 
cipitate of  tribi\>mophenic  acid  is  usually  obtained,  owing  to  the  presence  of  a small 
quantity  of  phenol  formed  from  the  decomposition  of  the  nitrate  by  water.  On  re- 
moving this  precipitate  as  quickly  as  possible  and  adding  a large  excess  of  bromino- 
wnterto  the  filtrate,  perbromideof  azophenylammoniura  separates  as  a brownish-red  oil, 
which  when  scpanitcd  from  the  mother-liquor  quickly  solidific*s  in  a crystalline  mass ; 
it  may  bo  purified  by  washing  with  ether,  or  by  dissolving  it  in  cold  alcohol,  leaving 
the  solution  to  evaporate  spontaneously  in  shallow  vessels,  and  then  washing  the 
residue  with  a little  ether  to  remove  an  oily  product  of  decomposition. 

Perbromide  of  azophenylammonium  crystallises  in  yellow  plates  insoluble  in  watrr^ 
rathor  difficultly  soluble  in  alcofuA,  insoluble  in  ether.  It  is  comparatively  stable  in 
the  dry  state,  but  decomposes  quickly  in  alcoholic  solution.  When  heated  it  gives  off 
bromine  and  nitrogen  and  is  converted  into  bromobcnzcne : 

« C*n‘Br  + N*  + Br>. 

In  decomposing  largo  quantities  of  the  porbromide  in  this  manner,  it  should  lx* 
mixed  with  carlmnale  of  sodium,  otherwise  a violent  explosion  is  likely  to  occur. 
Bromobcnzcne  is  likewise  formed  on  heating  the  perbromidc  with  alcohol,  and  8(“paratca 
08  a licavy  oil  ou  adding  water  to  the  solution. 

With  aqueous  ammonia  the  perbromidc  yichls  azopheny lenc-diaminc  (diazo- 
benzolimide  of  Gricss)  and  bromido  of  ammonium : 

C«U*N=Br>  + 4Nn>  = + SNII'Br. 

Ferbrotnide.  Asophenflcno'diamtne. 

Chlorine^conipounds.’-^Uho  ht/drochhrate  is  obtained  by  treating  an  aqueoiw 
solution  of  the  nitrate  with  moist  chloride  of  silver. 

Chioroauratf,  UCl.AuCl*. — Obtained  on  adding  trichloride  of  gold  to  an 

aqueous  solution  of  the  nitnite,  as  a light  yellow  crj’stjillino  precipitate  insoluble  in 
water,  but  soluble  in  alcohol,  from  which  it  crystallises,  on  cooling,  in  small  golden 
yellow  plates:  it  cannot  however  bo  rr-erystallised  without  loss,  and  is  completely 
decomposed  by  continued  boiling  with  alcohol. 

Sulphydric  acid  gas  passed  through  water  in  which  this  gold-salt  is  suspended,  con- 
verts it  into  trisulphido  of  gold,  and  a volatile  oily  liquid  isomeric  with  phenyl- 
mercaptan  (p.  418.): 

IPS  - C*H-S  + N*. 

This  liquid  has  an  odour  of  mercaptan,  but  is  not  precipitated  by  acetate  of  lead  or 
nitrate  of  silver.  A small  portion  of  the  azophcnylaminc  undergoes  at  the  same  time 
a different  decomposition,  resulting  in  the  formation  of  aniline : 

C*H*N*  + 3H>S  = Omi  + NH*  + S*. 

Sulphydric  acid  passed  over  the  gold-salt  spread  in  a thin  layer  over  the  inside  of  a 
glass  tube,  decomposes  it  into  hydrochloric  acid,  trisulphide  of  gold  and  azophenyl- 
amine;  the  decomposition  of  larger  qnantities  is  attended  with  explosion. 

Chloroplatinatc,  2(OH*N.IlCl).Pt'''Cl*, — Precipitated  on  adding  platinic  chloride  to 
a rather  concentrated  solution  of  the  nitrate,  in  fine  yellow  prisms  almost  insoluble  in 
alcohol  and  ether.  They  are  moderately  stable,  but  when  kept  for  some  time  acipiire 
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a brownish  colour,  i\n*l  are  gradually  but  compb  ti  ly  decomposed.  Tho  salt  defta- 
gratos  when  hoiitedt  but  if  mixed  with  a laigo  excess  of  CHrb^jnate  of  sodium,  bartum, 
calcium,  &c.,  and  heated  in  a sand-bath,  it  is  quickly  decomposed  into  clilorobenzcno, 
metallic  platinum,  chlorine,  and  nitrogen  : 

2(CMI‘N*.HCl)Pi‘'Cl*  - 2C‘H»C1  + K + Cl*  + N'. 

Nitrate  of  Asophenylnmine^  C*H*N*.XHO*. — This  salt,  the  preparation  of 
which  has  been  already  described,  crystallises  in  long  white  needles  very  soluble  in 
trrtfcr,  less  soluble  in  rt/coW,  almost  insoluble  in  (th^,  and  in  bmrenr.  It  may  be 
dried  without  alteration  orer  oil  of  vitriol.  Wien  heat<*d  even  below  100°,  it  explodes 
with  fearful  violence,  far  surpussing  that  of  fulminating  mercury  or  itxlide  of  nitrogen. 
The  explosion  of  a gramme  of  it  causes  a concussion  like  that  produced  by  firing  a 
pistol ; a somowliat  larger  quantity  exploded  on  an  iron  slab  several  lines  thick 
smashe<l  it  to  atoms.  Friction,  pressure  and  percussion  also  cause  it  to  explode.  The 
smallest  particles  of  it  accidenljilly  drojqxtl  on  tlie  floor  of  a room,  and  tr^den  upon 
when  dry,  givj*  rise  to  a series  of  explosions  attended  witli  flashes  oflight. 

Nitrate  of  azophenylamine  is  resolve<i  by  boiling  with  water,  into  phenol,  nitric  acid 
mid  free  nitrogen : 

C‘1I‘N'.NII0*  + IPO  = C«H*0  + NHO*  + 

By  distillation  with  alcohol,  it  is  rcsolvi'd  into  dinitrophcnic  acid,  benzene,  and 
ahb'hyde,  together  with  water  and  free  nitrogen  : 

2(c*n'N*.NUo»)  + c*n*o  « c*h*(xo*>*o  + cii*  + c*n*o  + h*o  + x*. 

A cold  aqueon.s  aolution  of  the  nitrate  left  in  contact  wnth  levigated  earhonaU  of 
barixnn^  slowly  gives  off  nitrf^en  and  is  converted,  after  some  days,  into  a mixlnre  of 
two  com^iounas  of  azophenvlamine  with  phenol:  viz.  C‘*H'*X*0  ■»  C*H*X*.C*I1*0  and 
C‘*li“X*0  2C*H*X-.C*ll‘0  (w<f.  <«/.),  tho  mode  of  their  formation  buingas  follows  ; 

20II'X»  + IPO  « C‘^U‘*X=0  + X* 

3C-1PN*  + IPO  - C“*II'*X‘0  + X’. 

On  mixing  verj*  concentratf-d  aqueous  nitrate  of  azoplienylamine  and  cau*tk  poiaik, 
a compound  of  azophonylaminc  with  potassic  hydrate,  C*IPN’.KHO,  is  produced  ; but 
on  mixing  dilute  aqueous  solutions  of  tho  two  bodit^s,  a yellow  liquid  is  obtained,  which 
has  a peculiar  odour,  soon  begins  to  give  off  nitrogen,  aud  deposits  a reddish-brown 
substance  having  the  composition  C**U‘*X*0 : 

4C'JI*N»  + IPO  - C’'1I'»X*0  -r  X*. 

Tho  reaction  is  very  slow  at  common  Umperatures,  but  takes  place  quickly  on  heating 
tho  liquitl,  the  reddish-brown  substance  l>eiiig  then  separat^Kl  as  a resinous  semifluid 
mass,  quite  insoluble  in  water,  only  slightly  soluble  in  alcohol,  even  at  the  boiling 
beat,  but  easily  soluble  in  ether,  and  remaining  ns  a resin  on  ovapomting  the  ether. 
Its  powder  is  strongly  electric,  ^^^len  boiled  with  nitric  acid,  it  yields  a yellowish 
crj'stalline  body. 

Alcoholic  p^tiaeh  advled  to  the  aqueous  nitrate  of  azophenvlamine  produces  a more 
complicated  reaction,  yielding  benzene  aud  phenyl,  in  addition  to  the  reddish-brown 
substance : 


c*n'N> 

+ C*II*0 

= C«H* 

+ C’H'O  + 

IT 

AxoplienfU 

amine. 

Alcuhiil. 

Benteno. 

Aldeh)dc. 

2C*n‘K» 

+ c-n*o 

= c'«n'* 

IMionyl. 

+ c’n'O  + 

N' 

On  beating  the  liquid  in  a retort,  the  benzene  passes  over  w ith  the  alcohol  and  may  bo 
st-paratwl  by  addition  of  water,  while  the  phenyl,  Ix-ing  lc«.s  volatile,  distils  over  after 
the  alcohol  and  crystallises  in  the  rt^coiver.  It  melts  at  70°,  and  resembles  in  every 
respect  tho  plicnyl  obtained  by  Fittig  (p.  409). 

iJiluto  aqueous  ammonia  added  to  an  aqueous  solution  of  nitrate  of  azophonylaminc, 
forms  a brown  mass  separable  by  o]c*>hol  into  an  easily  soluble  and  a sparingly  soluble 
portion.  The  latter  is  identical  with  the  compound  C**II‘*X*0,  prcnluccd  by  the  ac'tiun 
of  potash;  tho  former  is  azodiphcnyl-diamine,  C'*U**X“,  produced  as  shown  by 
tile  equation : 

2(C“n*N«.NUO>)  + 3XIP  = C'*H"X»  + 2(NH'.XO>). 

With  bromine,  nitrato  of  azoplienylamine  yields  perbroniitlo  of  azophenylammonium. 
With  auric  and  platinic  chlorides,  it  forms  precipitates  of  the  chloroaurate  aud  chloro- 
platinate  of  azoplienylamine. 

With  aniline  in  aqueous  solution  it  forms  nzodtphcnyl  diamino  and  nitrate  of  nnilinr  : 
OH*N’.NI10’  + 2C*H*X  = Cni"X*  + CMI’N.NHO*. 
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In  like  manner  with  bromaniline  it  yields  bromazodiphenyldiamine,  and 

with  naphthylamine,  it  forma  azonnphtliyl-pbeuyl*diamiue  (see  Puenyi.-dumixks,  p. 
454): 


C‘nX" 


|N 


C'lr 

IP 


(n-  „ 


C'lI'XO’.NIIO’. 

Nitrate  nf  OkfUriuamle 
acid. 


Oxyhemamate  of  Azophfnylamint^  C'*n”N*0*  ■*  C*II*N* C’n^NO*,  op 

Axo^l^yl-oxyhenzamie  acid^  (C*HK))"  j-Q. — J)iax  jhn\ztd-amidohtnz>^ic  acid  {f3iT\o%%), 

— Obtainwl  by  mixing  an  aqueous  solution  of  1 at.  nitrate  of  nzophenylamine  with  2 at. 
oxybeozamic  acid,  separating  as  a yellow  crystalline  precipitate,  the  ethereal  solution  of 
which  deposits  yellow  crystals,  to  bo  purified  by  washing  with  cold  water : 

C*H^N»NHO»  + 2CarXO*  « C'*II"X’0* 

Nitrate  of  Aio>  Okjl>«ntarole  OxjrtKnznmate  of 

ptienyUmine.  acid.  AiophciiyUmine. 

It  forms  small  indistinct  plates  or  crystalline  grains,  nearly  insoluble  in  xcaUr^  very 
sparingly  soluble  in  alcohol,  easily  soluble  iu  ttk‘:r.  Heated  on  platiunm-foil,  it  melts 
and  is  rapidly  decompos^Kl,  with  violent  evolution  of  gas.  Cold  dilute  mineral  acidz 
act  upon  it  but  slowly,  but  decompose  it  speedily  with  aid  of  heat.  Ac*  tic  acid  even 
when  highly  concentrated  has  no  action  upon  it  in  the  cold,  but  di'stroys  it  whei^heated, 
8<dutions  of  ammonia,  potash,  and  carbonate  of  2>otassiuin  dissolve  it  readily,  with 
yellow  colour. 

Azoplienyl-oxybenzamic  acid  exhibits,  with  bases,  the  behaviour  of  a dibasic  acid, 
uniting  with  them  in  two  preparutious.  All  its  salts  are  comparatively  stable:  those 
which  are  soluble  in  water,  the  potassium-salt  for  example,  will  even  bear  recrystal- 
lisation. With  the  oxides  of  silver  an«l  barium  it  forms  insoluble  precipitates. 

Liko  most  amic  acids  it  exhibits  basic  as  well  as  acid  characters.  On  mixing  its 
ethereal  solution  with  an  alcoholic  solution  of  platinic  chloride,  a ch/oroplatinate, 
C'*H“X*0^2HCl.Pt‘*Cl\  is  precipitated  in  small  indistinct  yellowish-white  plates. 

Azophenylamiue  forms  similar  compounds  with  paraoxylpcnzamic  acid  (p.  352), 
oxyanisamic  acit),  &c.,  which  are  obtained  in  liko  manner  by  acting  on  nitrate  of 
azopbeuylamino  with  the  respective  acids. 

Phenatea  of  Asophenylamine, — Two  of  these  compounds,  containing  respect- 
ively the  elements  of  1 and  2 at.  azopln  nylamine  with  1 at.  phenol,  are  produei'tl,  as 
already  observed  (p.  432^  by  the  action  ofcarloiiate  of  barium  on  a cold  aqueous  solution 
of  nitrate  of  azophenylamiue.  Nitrogen  is  then  slowly  evolved,  and  a reddish-brown 
mass  is  formed,  consisting  of  the  two  compounds  just  mentioned  together  with  the  excess 
of  carbonate  of  barium  ; and  on  filtering  off  the  solution  containing  nitrate  of  barium, 
removing  the  excess  of  carbonate  by  hydrochloric  acid,  and  treating  the  residue  with 
cold  alcohol,  tlic  compound  coutainiug  the  larger  proportion  of  phenol  dissolves  out, 
while  the  more  basic  compound  remains  for  the  most  part  undissolved- 

Mtrn(>azophcnylamicPh<nate,C^*ii**^'^0  = or Azodiphenylamic  acid, 

H*^  ^ (O' — To  purify  this  compound,  the  alcoholic  solution  obtained  as  above  is 

evaporated,  the  residue  is  treated  with  ammonia,  and  the  deep  yellow  solution  after 
bt'ing  filtered,  is  decomposed  with  hydrochloric  acid.  Azo<Hphenylamic  acid  is  then 
precipitated  in  crystals  which  may  bo  further  purified  by  repcattnl  crystallisation  from 
weak  spirit.  It  is  almost  insoluble  in  cold  wattr,  slightly  soluble  in  boiling  water,  from 
which  it  crystallises  on  cooling  in  small  but  well-formed  rhombic  prisms  of  a fine 
yellow  colour  with  a tinge  of  violet.  From  alcohol  and  ithcr  (in  which  it  dissolves 
very  easily)  it  usually  crj’stallises  in  brittle  brownish-yellow  nodules.  It  melts  at 
148*^  to  a brownish-yellow  oil  which  cannot  be  volatilisid  without  decomposition,  but 
is  destroyed  at  a higher  temperature,  with  formation  of  yellow  vapour. 

This  compound  possesses  slight  acid  properties,  and  forms  saline  compounds  with 
certain  metals,  but  it  is  not  capable  of  decomposiug  carbonates.  On  evaporating  its 
solution  with  aqueous  ammouia,  the  whole  of  the  ammonia  is  driven  off.  It  forms  a 
scarlet  precipitate  with  nitrate  of  silver. 

Diphenylamic  Pkenate,  C*“1I‘*N*0  2C'H*N*.C*H*0,  or  Azoiripktnylamic  acid, 

' * io* — compound  may  be  obtained  pure  by  rccrystaUising  the  less 

soluble  portion  of  the  retldish  browm  substance  above  mentioned,  once  or  twice  from 
Strang  alcohol,  then  dissolving  it  in  ether,  and  leaving  the  solution  to  evaporat'. 
Sometimes  however  it  is  contaminated  with  traces  of  another  sul/slanec*,  to  remove 
which  it  must  be  dissolved  in  caustic  potash,  and  the  filtered!  alkaline  solution  precipi- 
tated by  hydrochloric  acid.  It  crystallises  in  brownish-red  ne<dlcs  or  plat«*s,  easily 
soluble  in  ether,  sparingly  in  cold  alcohol  and  in  hot  teaLr,  It  melts  at  113°  and 
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decomposes  at  a highor  temperature  like  the  preceding  compound.  It  is  nearly  neutral 
but  dissolves  easily  in  pot<uk^  forming  a ruby-red  solution,  irith  difficulty  in  aqueous 
ammonia^  and  not  at  all  in  aqueous  carbonate  of  potassium.  It  is  likewise  insoluble  in 
dilute  acids,  but  dissolves  in  concentrated  acids,  forming  blood*red  solutions  wliich 
deofjmposo  when  heated. 

Sulphate  of  Atopkenylamine,  C*H*Is* SH*0*.  This  salt  may  bo  obtained  by 
the  action  of  nitrous  acid  on  sulphate  of  aniline  suspended  in  water,  or  more  con* 
veniently  by  treating  a concentrated  aqueous  solution  of  the  nitrate  with  dilute  sulphuric 
acid,  mixing  the  resulting  solution  with  3 vol.  absolute  alcohol,  and  then  with  etlier, 
which  causes  the  sulphate  of  azophenylamine,  together  with  some  water,  to  separate 
in  a layer  at  the  bottom,  while  the  Unrated  nitric  acid,  ti^ether  with  excess  of  sul- 
phuric acid,  remains  mixed  with  the  supernatant  alcohol  and  ether.  This  latter  is 
decanted,  the  solution  of  the  sulphate  once  more  treated  with  absolute  alcohol  and 
precipitated  by  ether,  and  the  precipitated  liquid  placed  in  flat  dishes  over  oil  of 
vitriol.  It  then  solidifies  to  a magma  of  crystails,  which  must  be  washed  on  a filter 
w’lth  a mixture  of  alcohol  and  ether,  to  remove  any  traces  of  sulphuric  acid  and  phenol 
proiluced  by  partial  decomposition  of  the  sulphate,  then  dissolv^  in  cold  weak  alcohol, 
precipitated  by  ether,  and  the  crj'stals  quickly  dried  over  oil  of  vitriol. 

Sulphate  of  azophenylaminc  crystallises  in  prisms,  which  dissolve  readily  in  water, 
with  difficulty  in  absolute  alcohol,  and  not  at  all  in  ether.  The  aqueous  and  alcoholic 
solutions  decompose,  with  evolution  of  gas,  on  boiling.  When  exposed  to  the  air.  the 
salt  rapidly  absorlM  moisture,  becomes  liquid,  and  gradually  decomposes.  When 
hentwl  alone,  it  deflagrates  feebly  at  about  100®. 

Sulphate  of  azophenylnmine  heated  with  concentrated  eulphuric  acid,  gives  off  the 
whole  of  its  nitrogen  and  is  converted  into  disulphophonylenic  acid,  C*H*S*0*  = 
C*H*.2SU*0*  (sec  SuLPiicRic  Exiuius): 

+ SH*0*  ^ C«H»S*0*  + N*. 

CoMToryi>9  OP  Axophf.xylamixb  with  Basks. — a.  With  Hydrate  of  Totaesium, 
C*It*N*.KHO.  On  adding  a very  concentratiNl  solution  of  nitrate  of  azophenylaminc, 
drop  by  drop,  to  strong  aqueous  potash,  a yellowish  liquid  is  obtain^,  having  a 
peculiar  aromatic  odour  and  solidifying  by  evaporation  over  the  water-bath  to  a 
crystalline  muss,  which  is  a mixture  of  the  compound  of  potassic  hydrate  and 
nzophenylamine  with' nitrate  of  potassium,  and  a brownish-red  body,  the  result  of  a 
secondary  reaction.  The  crystalline  mass  is  put  into  a strong  linen  cloth  and  well 
squeezed  between  porous  stones,  to  remove  tlic  excess  of  potash  ; the  dry  cake  is  then 
treated  with  absolute  alcohol,  which  readily  di.xsolves  the  compound  of  potassic  hydrate 
and  ozophenvlamine,  leaving  the  niiro  undtssolved ; the  alcoholic  filtrate  which  has  an 
intense  redJish-brown  colour  (due  to  the  above-mentioned  secondary  product)  is 
evaporated  over  the  water-bath  ; and  the  residue  is  once  more  pressed  and  washed  with 
a mixture  of  alcohol  and  ether  to  r»*movc  the  r<*dilish-brown  substance.  By  again  press- 
ing the  nearly  white  cake  thus  obtained,  dissolring  it  in  a small  quantity  of  absolute 
alcohol,  filtering,  and  otlding  a sufficient  amount  of  ether,  the  compound  is  precipitated 
in  small  white  crystals  which  mxist  be  immediately  dried  over  oil  of  vitriol. 

It  crystallises  m small  white  soft  uhites,  becomes  r<‘ddish  by  exposure  to  the  air,  is 
easily  soluble  in  vc>aUr  and  in  al^hin,  insoluble  in  ether.  The  solutions  hare  a strong 
alkaline  reaction.  Tlie  freshly  prepared  aqueous  solution  is  but  slightly  coloured ; but 
by  k^H'ping  for  a short  time  it  acquires  a yellow  colour,  and  ultimately  deposits  a 
ri^dish-yellow  substance.  The  decomposition  does  not  appear  to  be  much  accelerated 
by  boiling.  The  dir  substance  is  very  stable.  When  heated  alone  it  explodes  with 
a slight  report  at  a little  above  130®. 

With  Hydrate  of  Silver,  C"H*N*.AgHO.  Obtained  as  a white  or  slightly  choco- 
late-coloured precipitate  by  heating  a fppshly-prepared  solution  of  the  potassium 
compound  with  nitrate  of  silver.  After  removing  the  mother-liquor,  the  precipitate 
is  thoroughly  washed  with  water,  dried  by  pressing  between  filter-paper,  and  finally 
over  oil  of  vitriol  It  is  insoluble  in  all  the  ordinary  neutral  solvents.  Nitric  acid, 
even  when  cold,  dissolves  it  with  great  facility.  It  is  remarkably  stable,  not  exhibiting 
the  slightest  sign  of  d<*composition  even  ^er  being  kept  for  weeks.  It  explodes 
with  some  violence  when  heated. 

y.  With  Hydrate  of  Barium.  Precipitated  by  adding  the  solution  of  a very  soluble 
bnrium-salt  to  a moderately  concentrated  solution  of  the  potassium-compound,  in 
white,  microscopic,  indistinct  noodles  or  plates,  which  become  yellowish  from  gradual 
decomposition.  It  is  sparingly  soluble  in  water. 

8.  The  compound  of  nzophenylamine  with  hydrate  of  sine  is  a white  amorphous 
powder,  insoluble  in  water.  The  laid -compound  is  also  a white  powtlor,  but  quickly 
turns  yellow.  With  cupric  eulphate  a bro^*n  precipitate  clianging  to  green  is  obtained. 
Mercuric  chloride  gives  no  preeipitate. 
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Compounds  op  AxopiraNnAMiNB  with  othkr  Oroantc  IUses. — Azophenyinmine, 
as  already  observed  (p.  432\  unites  with  aniline,  bromaiiiline,  ainl  naplithylnmine, 
farming  compounds  which  have  the  constitution  of  phonyldianiinci),  and  will  be 
dcscril^  under  that  head  (p.  459). 

2.  Bromophenylaminea. 

Monobromoplieiiylamlne  or  BromanlUae,  C*H*BrK  = (Hof- 

mann, Ann.  Ch.  Pharm.  liii.  42.— E.  J.  M ills,  Proc,  liny.  Soc.  x.  589. — (tries*, 
Phil.  Trans.  1864  [3],  713). — Of  this  base  there  are  two  isomeric  mcKlincations,  o and 
J8,  exactly  resembling  ono  another  in  their  chemical  <leportment,  but  distingtiished  by 
certain  physical  properties,  both  in  the  free  state  and  in  combination  with  acids. 

Alpha-broroaniline  is  prepared;  1.  Hy  heating  bromiMitin  with  potash,  just  as 
aniline  itself  is  obtained  from  isntin  (p.  420) : 

C«H'BrNO*  + 4KHO  ^ C'H'BrN  + . 2K-CO>  + H* 

The  distillation  is  continued  till  the  residue  is  nearly  dry,  and  gives  off  a brown  oil 
which  DO  longi‘r  solidifies.  The  oily  dro[)S  whicli  passed  over  at  the  beginning  of  the 
distillation  and  have  solidified  in  the  ciystolline  fonn,  are  then  washed  on  a filter  with 
water  and  recrystallised  from  boiling  ah'ohol  (Hofmann). — 2.  By  distilling  dibrnmo- 
phenylacetamide  (p.  418)  with  potash  (MillH).--3.  By  the  action  of  nascent  hydro- 
gen (generated  by  the  action  of  zinc  aud  sulphuric  acid)  on  au  alcoholic  solution  of 
azobromophenylcne-diamine : 

+ II*  = + 2Nn*. 

When  the  addition  of  water  no  longer  forms  a precipitate,  the  bromaniline  may  be 
sepjirated  by  evaporating  the  alcoholic  solution  over  a w.iter-bnth,  and  distilling  with 
potash  (Griess), — 4.  By  the  action  of  sulphide  of  ammonium  on  /3-bromonitro- 
benzene  (p.  416). 

0-Bromaniline  is  obt.'iined  by  the  action  of  sulphide  of  ammonium  on  o-bromo- 
nitrobenzeno  (p.  416). 

Primfrtir*. — Alpha-bromnnillne  crjstallisea  in  colourless,  regular  octahedrons,  ex- 
actly like  chloraniline  (Hofmann)  ; that  prepared  from  phenyhicetamide  sometimes 
cnstRlli#M*«  in  neetlles  (Mills);  always  in  octahedrons  (Griess).  It  melts  at  60® 
(Rofmann);  57°  (Griess);  and  solidifies  again  at  46®  (Hofmann),  in  odour 
and  taste  it  resembles  chloraniline.. 

^•bromaDiline  is  an  oil  which  does  not  solidify  even  in  winter.  (Griess.) 

Bromaniline  (b«>th  varieties)  is  easily  reductxl  to  aniline  by  pi>Ui9sium'amaJ(jam, 
With  excess  of  AromfWc  «/■  it  is  quickly  converted  into  hydrobromate  of  ethyl- 
broroanilino,  C*H'*BrN.HCl.  Its  aqueous  solution  imparts  a violet  colour  to  aquctsui 
chioridf  of  Ihne^  weakerthan  that  produced  by  aniline,  but  stronger  lhau  that  pissluced 
by  chloraniline.  Its  salts  colour  chloride  of  lime  red-brown  and  tirwood  yellow.  Brom- 
aniline  dissolves  readily  in  au/phidr  of  carlum. 

Hydrocklorate  of  a-5n>;nn«i7i#ic,  C>IPBrX.nCl,  cr}>tulli.scs  from  l>oiling  water  in 
nacreous  radiated  fibres,  but  by  evaporation  over  oil  of  vitriol,  in  will-defixjed  mono- 
clinic  prisms  (Hofmann).  Hydroohlorate  of  3*bromanilinc  forms  white  naen'ous 
•brilliant  plates,  which  are  readily  soluble  in  water  and  alcohol,  aud  quickly  turn  rtni 
when  exposed  to  the  air.  (Griess.) 

chlorophitinatf  of  a^hromaniUne^  2C*II*BrN.n*CB.Pl'’C3*,  precipitated  on  mixing 
hydrochlorato  of  a-bromaniline  with  nlntinic  chloride,  closely  resembles  tlie  e<»m*s- 
ponding  compound  of  chloraniline  (Hofmann).  The  corresponding  suit  of  3-5r/>- 
waniline  crj'stallises  in  yellow,  often  well-formed  prisms,  much  more  soluble  than  tho 
slender  highly-luslrous  plates  of  tho  o-salt.  (Griess.) 

The  oi^te^  2C*H‘BrN.(^H*0*,  precipitated  from  alcoholic  a-bromanilinc  by  aqneon.s 
oxalic  acid,  and  cr^stHlliHod  from  boiling  water,  forms  indistinct  ciystals,  sptiriagly 
soluble  in  water  and  alcohoL 

IMbromopbmsylamlae or Dibromanlllne, OH'Br'X  « (Hof- 

mann, Ann.  Ch.  Pharm.  liii.  47. — Griess,  ihid.  exxi.  257.) — Prepared:  1.  By 
distilling  dibromisatin  with  camstie  i^>otaAh,  washing  the  distillcsl  and  eiystalHsed  oil 
with  water,  and  crystallising  from  boiling  alcohol  (Hofmann). — 2.  By  adding  bro- 
mine to  phenylacetamide  sus(>ended  in  water,  till  it  is  converted  into  a red<iish  resin- 
ous mass,  consisting  mainly  of  dibromoplienyUcetamide  (C*H*Br*)(C’H‘0)HN,  and 
subjecting  this  protluct  to  distillation  with  polnj*h.  Dibromnniline  then  passes  or*  r 
in  oily  drops  which  solidify  to  white  needles.  On  dissolving  this  pDxluet  in  warm 
modentely»strong  hydrochloric  acid,  any  tribromaniline  that  may  Is*  present  renmins 
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iindissolred,  and  on  OTaporatinf»  the  hydrochloric  acid  solution  to  djn’ness,  and  treating 
the  rrfsidue  with  hot  water,  dibroraanilino  alone  remains  undissolv^,  while  traces  of 
hydroohlomte  of  monobromaniline  are  taken  up  by  the  water.  (Griees.) 

J>arge,  flat,  somewhat  rhombic  prisms,  melting  between  50®  and  60®  to  a dark- 
coloured  oil,  which  often  remains  liquid  long  ^er  cooling,  but  then  crysUdlisea 
suddenly  on  agitation  (Hofmann).  Crystallises  from  alcohol  in  needles  or  long 
laminjp,  which  melt  at  79‘6®.  (Qriess.) 

Dibromaniline  dissolves  sparingly  in  forming  a liquid  which  becomes  tnrbid 

on  cooling  and  gmlually  (lejKisits  slender  neitllos  ; it  is  soluble  in  alcokol.  It  is  a 
very  weak  base;  its  solution  in  acids  colours  firwood  yellow;  it  is  precipitated  by 
nikalis.  It  forms  crystallisable  salts,  which  however  are  less  stable  than  those  of 
l»n>maniline. 

The  solution  of  dibromnniline  in  boiling  hydrorhioric  flctVf,  yields  on  cooling.  lamin» 
containing  13’31  per  cent,  hydrochloric  acid ; when  they  are  dissolved  in  water,  part 
of  the  huso  separates  in  thin  oily  drops;  and  the  solution  evaporated  under  a bell-jar 
over  lime,  which  abstracts  the  greater  part  of  the  hydrochloric  acid,  dejwjsits  nearly 
pure  ervstnlline  dibroraaniline  (Hofmann).  The  hydrochloric  acid  solution  forma  a 
crj’-talline  orange-yellow  precipitate  with  platinic  chloride.  The5y<frocA/ora/r,C*n*Br*y, 
crystallises  in  tufts  resembling  palm-branches ; the  easily  decomposible  platinum-sa/tt 
2C*Ii'BriN.H'CIM*t‘^Cl\  in  yellow  prisms.  (Griess.) 

Trlbromoptaenylaniliie  or  TrlbromaslXlne.  C*H*Br*N  *> 

(Fritzsche,  J.  |ir.  Chom.  xxviii.  204. — Hofmann,  Ann.  Ch.  Pharm.  liii.  60). — 
liromanddid  (Fritzsche). — Preparation.  I.  Dry  bromine  is  mixed  with  aniline  in 
such  proportion  that  the  mixture  solidifies  completely  after  a while  in  the  crystalline 
form,  after  which  alcohol  is  addcnl,  and  also  more  bromine  till  its  odour  becomes  per- 
manent. The  grt'cnish-grey  crystalline  magma  of  tolerably  pure  tribromaniline  istnea 
separatiMi  by  filtration  from  the  greenish-yellow  alcoholic  liquid,  which  contains  hydro- 
brumic  acid  and  the  decomposition-products  of  the  alcohol,  and  deposits  more  tribro- 
maniline when  mixed  with  wster;  after  which  it  is  washed  on  the  filter  with  alcohol 
and  dissolved  in  hot  alcohol : the  solution  tlius  obtained  yields  nearly  colourless 
crystals  (Fri tzscbo).-^2.  The  aqueous  solution  of  an  aniline-salt  is  mixed  with 
aqueous  bromine,  which  disappears  and  produces  a wiiite  turbidity  and  precipitation 
of  microscopic  needles,  the  addition  of  bromine  b<*ing  continued  till  the  precipitation 
ceases  and  a slight  odour  of  bromine  remains ; the  precipitated  powder,  which  has  a 
rt'ddish  tint  arising  from  a decomposition-product,  is  collected,  and  freed  from  this 
impurity  by  distillation  in  a small  retort;  and  the  distillate,  which  solidifies  in  a 
crystalline  mass,  is  recrysfallised  from  boiling  alcohol  (Fritzsche). — 3.  An  aqueous 
solution  of  hydrochlorate  of  bromaniline  is  mixed  with  aqueons  bromine,  and  the  violet- 
white  precipitate  is  distilhal  with  water,  whereby  snow-white  crystals  are  obtained  at 
first,  but  afterwards  violet  ciystals  which  cannot  be  decolorisikl  by  reciystallisation 
from  alcohol.  (Hofmann.) 

Projkrtits. — Tribromaniline  crystallised  from  hot  alcohol  forms  colourless,  shining, 
long,  slender  needles;  but  when  KolidifiiKl  after  fusion,  it  is  of  a crystalline  texture, 
brittle  and  easily  pulverised.  Melts  at  117^  to  a clear  liquid;  boils  at  about  300®; 
distils  over  unchanged  (Fritzsche),  and  sublimes  in  radiating  crystals  having  a silky 
lustre  (Hofmann).  It  is  insoluble  in  water;  sparingly  soluble  in  cold,  easily  in' 
l>oiling  alcohol  and  ether.  It  is  not  basic,  and  does  not  dissolve  either  in  dilute  acids 
or  in  alkalis.  Strong  boiling  nitric  acid  decomposes  it  Warm  strong  sulphuric  acid 
dissolves  it  without  decomposition,  acquiring  a purple  colour  from  decomposition 
only  when  heated  nearly  to  the  boiliug  point  Strong  potash^lcy  has  no  action  on  it, 
even  at  the  boiling  heat 

Azobromopbenylamliie  or  Diarof/romohenzenr,  C*H*BrK*  — ^ 

(Oriess,  Ppoc.  Roy.  Soc.  1864  [3]  695.) — The  nitrate  of  this  base  is  produced  by  the 
action  of  nitrous  acid  on  an  aqueous  solution  of  nitrate  of  bromaniline  or  an  ethereal 
solution  of  azobromodiphenyl-diamine,  just  in  the  same  manner  as  azophenylamine  is 
pn*pared  from  nitrate  of  aniline  or  from  azodiphenvldiamine  (p.  429).  In  the  former 
CISC  the  nitrous  acid  gas  must  be  passed  very  rapidly  at  first ; otherwise  azobromodi- 
phenyldiumine  will  be  formed,  which  is  very  difficult  to  convert  into  nitrate  of  azo- 
bromophenylamine  in  an  aqueous  solution.  The  product  obtained  by  either  proeess 
nnw  be  purifii*d  by  repeated  solution  in  alcohol  and  precipitation  with  ethers. 

The  concentrated  aqueous  solution  of  the  nitrate  treated  with  strong  caustic  potash, 
yirbls  the  compound  C*H"BrNM<HO,  from  which  the  nzobromophenylamino 
may  be  separatKl  by  dilute  acetic  acid  in  slender  bright  yellow  ne«*<lles.  It  may  aJ*o 

obtained  as  a bright  yellow  amorphous  precipitate  by  adding  potash  to  the  aqueous 
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Bolution  of  tbo  nitrate.  In  either  case  it  must  be  quickly  removed  from  the  mother* 
liquor  and  dried  over  oil  of  vitriol. 

Azobromopheoylamine  is  a very  dangerous  compound,  the  slightest  pressure  or  even 
contact  with  a rough  obj(>ct  causing  it  to  go  off  in  u fiery  explosion,  equalling,  if  nut 
exceeding  in  violence  that  of  azuphenylaminc.  It  is  much  more  stable  at  ordinary 
temperatures  than  azuphenylamine ; nevertheless  it  does  not  long  remain  unclmngeti, 
and  after  being  kept  for  some  time,  leaves  a reddish-brown  residue  wliich  no  longer 
explodes  even  when  heated,  and  appears  to  have  lost  all  its  nitrogen.  Ktfur  dissolves 
azobromophenylamino  with  evolution  of  gas,  frequently  violent  enough  to  cause  explo- 
sion. Azobromophenylamine  when  recently  prepaid  dissolves  in  potash  and  in 
min^al  acids. 

Salts  or  AxoDBOMOPHEXTLAHiKit.  These  salts  may  bo  formed  by  direct  combina- 
tion of  the  base  with  acids,  but  more  conveniently  by  methods  similar  to  those  aln'ady 
described  for  the  preparation  of  salts  of  azophenyluniine. 

The  hydrobromate,  C*H*BrN’.Hilr,  is  obtained  by  decomposing  a solution  of  tho 
sulphate  with  bromide  of  barium,  or  by  the  action  of  an  ethereal  solution  of  bromine  on 
an  ethereal  solution  of  azobromodiphenyldiamine : 

C’II»Br*N’  + Br*  - OlPBrN'.HBr  + C«H*Br»N  + UBr. 

AsabrotnodtpheojU  Ilydrobromaie  of  TiibroouiDlllne. 

dUmloe.  Axubromopheuirl- 

amioe. 


It  forms  white  shining  scales,  very  soluble  in  water,  less  soluble  in  alcohol,  insoluble 
in  ether.  In  tho  dry  state  it  may  be  kept  for  a lung  time  without  decomposition. 
When  heated,  it  explodes  almost  as  violently  as  the  nitrate.  Its  aqueous  solution 
treated  with  moist  chloride  of  silver  yields  the  hydroohlorate. 

The  ^.»romop/ufinaf  c,2(C*iI*BrN*.UBr)Pt'*Br*,isobtainedbypreoipitation  in  ruby- 
red  crystals;  when  heated  with  carbonate  of  sodium,  it  splits  up  as  shown  by  tho  equation: 

2(C‘H>BrN^nUr).PtBr*  = 2C*II'Br»  + Br<  -t-  N*  + Pt, 

UruiooplatiDAts.  Dibrutno- 

beotrne. 

Ptrbromide  of  Aeobromophtnylammonium,  C*H*BrNTJr*,  is  obtained,  by 
treating  tho  hydrobromate,  nitrate,  or  sulphate  with  excess  of  bromine-water,  as  an 
oranga-coloured  crystalline  precipitate;  sometimes  also  in  the  preparation  of  tlie 
hydrobromate  from  azubromodiplicnyldiamine,  in  which  case  the  hydrobroniate  may 
be  dissolved  out  from  it  by  washing  with  cold  water. 

The  perbromide  crystallises  from  solution  in  a small  quantity  of  cold  alcohol  in 
orange-coloured  monoclinic  prisms,  insoluble  in  water,  freely  soluble  in  warm,  sparingly 
in  cold  alcohol,  very  sparingly  in  cold  ether.  When  heated  alone  or  with  carbonate 
of  sodium  it  is  resolved  into  dibromobenzene,  bromine  and  nitrogen: 

C«H*BrN’Br*  « C‘H'BH  -h  Br»  + N^ 


It  is  also  converted  into  dibromobenzene  by  boiling  its  alcoholic  solution.  With 
aqueous  amnionia  it  yields  azobromophonyleno-diaraine, 

C“U*BrN*.Br*  -h  4MI*  « C'H'BrX*  + 3NIPBr, 


In  like  manner  with  cthylaminc,  phenylamine,  &c.,  it  yields  ethyl-  and  phenyl- 
azobromo-phenylene-diamine,  &c. 

Hydroehloratt  of  Asobromopkenylaminf^  OIPBrNMICl,  is  obtained  by 
decomposing  tlie  aqueous  hydrobromate  with  moist  chloride  of  silver.  The  chloro- 
aurate^  C*H*BrN*.HClAuCl*,  is  precipitated  by  auric  chloride  from  the  aqueous  nitrate 
as  a yellow  oil  which  soon  solidifies  to  a crystalline  muss.  It  is  insoluble  in  water, 
but  dissolves  in  warm  alcohol,  cr).stalHsing  then.'fixim  in  small  goliien-yellow  shining 
plates.  It  is  decomposed  by  sulphydric  acid  in  the  same  manner  as  the  gold-salt  of 
azophonylamine  (p.  430).  The  chloroplatinatf,  2(('*lPBrN*.HCl)H‘*CP,  U pre- 
cipitated by  platiuic  chloride  from  tho  nitrate  or  sulphate,  in  small  yellow  crystals 
which  appear  under  the  microscope  ns  fractured  plates  and  are  almost  insoluble  in  any 
neutral  solvent.  They  are  stable  at  100*^.  Heated  with  carbonate  of  sodium  it  yields 
chlorobromobenzene  according  to  the  equation  : 

2(C‘H»BrN*.Ha).PtCP  - 2C*H*BrCI  Pt  + a*  + N*. 

iVVfrafc,  C*H"BrN*.NHO*. — Prepared  as  above  described  (p.  436).  Cp-stalliseg  in 
pure  white  scales  or  re^sr  rhombic  plates,  very  soluble  in  water,  sparingly  soluble 
in  strong  alcohol,  almost  insoluble  in  ether.  It  explodes  when  heated,  struck,  or  pressed, 
b«t  not  so  violently  as  nitrate  of  azophenyUniioe.  When  boiled  with  wattr  it  is 
resolved  into  bromopbenic  acid,  nitric  acid,  and  fn>e  nitrogen : 

C*H«BrN*NHO»  + H*0  « OH»BrO  + NHO'  + N*. 
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BoiW  with  alfviiil,  it  yields  bromobenzene  end  probably  bromodinitrophenic  acid; 

2(C*n>I!rS*.NH()’)  + C’H*0  _ r*H»Hr  + C*H’I!r(N0’)*0  + C=TT‘0 

N Urate  ot  Atohoiulu-  AlctUtul.  Bromubeiiicnc.  Brorootlinttroi»henic  AlUrhjde. 

phctiylaiuine.  acid. 

+ H*0  + N*. 

With  ammonia,  it  forms  azodibromodiphonyldiumino,  together  with  a yellow  body: 
2C‘lPUrN*  + - C’='H’Br*N>  + N*. 

The  same  compound  ui  formed  on  adding  a concentrated  aqueous  solution  of  the  nitrate 
to  an  alcoholic  solution  of  bromaniline : 

C*Il>BrN*  + 0»H"BrN  = C'*IPBr*X»; 

With  anilinf,  the  nitrate  yields  azobromodipbenyldiamine : 

CH'BrN^NHO'  + 2C*H'N  - C'*H'»BrN*  + 
identical,  or  at  least  isomeric,  with  the  product  obtained  by  the  action  of  bromaniline 
on  nitrate  of  oTrOphenylamine  (p.  432). 

The  aquwus  solution  of  the  nitrate  mixed  with  oxt/hen£atni<^  acid  yields  azobromo- 
pheny  1-oxybenzamic  acid,  C**lI'*BrN*0*,  which  ciysUilliKcs  from  ether  in  small 
rviundish  lurnf>s  of  small  nee<lle8  or  plates,  and  in  every  other  respect  is  similar  to 
uzitphenyl-oxybcnziimic  acitl  (p.  433). 

Sulphate  of  Azobromophenplamine,  C**lPBrN*.SIl*0*,  obtained  by  the  action 
of  snlphuric  acid  on  the  nitrate,  crystallis^^s  in  very  fin^'  colourless  prisms,  very  soluble 
in  water,  sparingly  soluble  in  alcohol,  almost  insoluble  in  ether.  It  is  compamtively 
stable,  and  may  bo  n*cry«tallised  from  water,  without  the  slightest  decomposition,  by 
ovaponition  over  oil  of  vitrioL  It  explodes  by  heat  and  isUecoraposed  by  Ixiiling  icatrr. 
Wlien  heated  with  Bidphuric  acid,  it  is  converttni  into  a sulpho-acid,  probably  disul- 
phobromopheny lenic  acid,  C‘H*Br.28H^Oh 

Compounds  of  AzoDKOMOPHKNYiJkMiNK  with  Mktjlluc  ITyduatbs. — Thepo^awfwm- 
compound,  C'lCBrN^.KUO,  is  prepared  and  purified  exactly  like  the  corresponding 
compmnd  of  azophenylamine,  from  which  it  differs  in  being  precipitated  from  its 
ale<>holic  solution  by  ether  as  a white  gelatinous  mass,  and  not  in  crystals. 

'Vho  silver-salt,  C“U*BrN’.AgIIO,  is  an  almc^t  insoluble  precipitate,  very  similar  to 
the  corresponding  compound  of  azophenylamine  (p.  433). 

ABOtflbromopbenylamiae  or  Diazodiltromolttnzenf,  OH’Br^N^  (Oriess,  Phil. 
Tnms.  1804  [3]  704). — The  nitrate  of  this  base  is  obtained  by  passing  a rapid  current 
of  nitrous  acid  into  aqueous  nitrate  of  dibroinauiline  containing  free  nitric  acid,  then 
leaving  the  solution  to  cvai>orate  s;>onlam*ously,  dihsolving  tht^  resklue  in  weak  alcohol, 
ami  precipitating  with  ether.  It  can  l>o  recrystallisod  fn^ni  water  or  alcohol  by 
«‘va|>oration  below  the  boiling  points  of  the  rcs|K.*ctive  solutions.  The  aqiu'ous  solution 
is  remarkably  stable,  not  laiing  completely  decomposed  oven  by  several  hours  Ixiiling. 
The  salt  crystallises  in  fine  white  ne«^les  or  elongated  hexagonal  plates.  It  does  not 
detonate  so  violently  as  the  nitrates  of  azophenylamine  and  azohroraophenylamine. 

petbromide,  C'lPBHN'.Br*,  produced  by  adding  bromine-water  to  the  aqueoos 
nitrate,  is  precipitated  in  long  slender  neeales.  By  boiling  with  alcohtd,  it  yields 
tribromobemu'DC,  C*ll*Br*.  Aqueous  ammonia  converts  it  into  azodibromo* 

phenyleno-diamine,  C^IPBr’N*  » Br^  Sn*. 

H*  J 

The  chloroplatinate,  2(C*lPBrNMICl)Pt'*Ci*,  separates  on  adding  platinic  chloride 
to  the  hydrochlurate,  in  small  orange-coloured  oval  plates,  sparingly  soluble  in  water. 

3.  Ch^o  rop  hen  pi  amines. 

P'TI'Pl  I 

Konocbloropbenylamlne,  or  Chloranlllne,  C'lPClX  =>  ^ H'J 

this  base  there  are  also  two  mollifications,  analogous  to  o-  and  3‘bromaniline,  exhibiting 
eorn-Hjxiuding  difference  of  physical  projx'rti^  and  {mhlnced  by  analogous  reactions. 
'Pile  first  was  discoveniKl  by  Hofmann  (Ann.  Ch.  Phurm.  Uii,  1);  the  second  by 
Oriess  (Phil.  Trans.  18fi4  [3]  713). 

Preparation  of  a-cMoraniline. — 1.  Chlorisatin  is  distilhnl  with  potnsli-ley  or  hydrate 
of  po:a.ssium,  till  the  residue  has  become  solid,  gives  off  ammonia  together  with  the 
hydrogen,  and  yields  a bine  sublimate  and  a brown  oil  which  no  longer  solidifies  oo 
Cooling.  The  solidified  oil  which  first  passed  over  is  then  collected  on  a filter,  freed  from 
nminonia  by  water,  and  crystallised  fmm  boiling  alcohol  (Hofmann). — 2.  Cblovo- 
plu*nylm?HHmi<b\  (('’‘M’ri  k'0*H*O)HN  (ohtaine<l  by  the  action  of  chlorine  on  phenyl- 
acettuuido),  yields  by  dislillatiuii  with  potash,  a largo  qimntity  of  chloruuiiiue  (Mills). 
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3.  By  the  action  ofpulphide  of  ammonium  on  ^-nitpochlorobcnzene  (p.  416)(Ori  ess), 
^/S-cbJuntniline  is  obtained  by  the  action  of  sulphide  of  ammonium  on  a-nitroehloro- 
benzene.  (Qriess.) 

Properties. — Alpha'Chloranilino  crystallises  in  octahedrons  haring  a diamond  lustre, 
bearier  than  water,  melting  between  64°  and  65°,  into  a yellow  oil  which  solidifies  iit 
67^  in  large  octahedrons.  It  evaporates  oven  at  ordinary  temperatures,  so  that 
hydrochloric  acid  held  over  it  produces  fumes ; may  be  easily  distilled  with  water ; 
boils  by  itself  at  a temperature  above  200°  and  with  some  decomposition,  so  that, 
together  with  the  oil,  the  above-mentioned  blue  product  passes  over.  It  has  an  agree- 
able vinous  odour  and  an  aromatic  burning  taste  like  that  of  aniline  ; does  not  act 
upon  red  litmus  or  turmeric,  but  turns  dahlia  flowers  green. — jS-chloraniline  is  an  oil 
which  remains  liquid  at  common  temperatures. 

Chloraniline  (a  or  0)  dissolves  sparingly  in  water,  the  boiling  solution  becoming  milky 
and  depositing  octahedral  eiystals  in  cooling ; soluble  in  irood’Spirit,  in  alcohol  (readily 
when  hot),  in  ether  (which  abstracts  it  from  the  aqueous  solution'),  in  acetone,  and 
easily  in  sulphide  of  carbon ; also  in  oUs^  both  flxed  and  volatile.  The  hot  saturated 
aqueous  solution  mixed  with  tincture  of  galls  forms  yellow  flakes  on  cooling. 

Decompositions. — 1.  Chloraniline  bums  with  a bright,  strongly  fuliginous  flame, 
having  a bright  green  border.— 2.  Chlorine  together  with  water,  converts  chloraniline, 
partly  into  trichloraniline,  partly  into  trichlorophenic  acid : 

C‘H*C1N  + » C*H*a*N  + 2Ha ; 

and: 

[CH'ciy  + + HK)  « c«H'a*o  + na  + NH*a. 

3.  Bromine,  either  anh^’drous  or  hydrated,  decomposes  chloraniline,  with  groat  evolu- 
tion of  heat,  forming  dibromochloraniline  and  hydrobromic  acid ; 

+ Br*  = OH*Br*aN  + 2HBr. 

4.  Heated  with  strong  nrYric  acid,  it  begins  to  boil  and  continues  boiling  oven  afler  removal 
from  the  fire ; gives  off  nitrons  acid  ; and  yields,  first,  a dark  red,  then  a black  opaque 
liquid,  and  afterwards,  as  the  heating  is  continued,  a clear  scarlet  solution,  which  does 
not  precipitate  nitrate  of  silver,  and  on  cooling,  yield,  sometimes  golden  yellow  nee<lle8 
resembling  picric  *icid,  and  probably  consisting  of  dinitrochlorophenic  acid  C*H*(NO’*)* 
CIO,  sometimes  a resin,  which  is  precipitated  by  water  in  yellow  flakes,  and  dissolves 
with  deep  yellow  colour  in  alkalis,  alcohol  and  ether;  the  solution  of  this  resin  in 
alkalis  is  precipitated  by  acids,  and  its  ammoniacal  solution,  when  freed  from  excess  of 
ammonia  by  boiling,  precipitates  silver-solution  reddish-yellow,  sometimes  also  in  yellow 
crystalline  spangles. — 5.  The  aqueous  solution  of  chloraniline  acquires  a very  faint 
violet  tint  when  treated  with  chloride  of  lime. — 6.  With  chlorate  of  potassium  and 
hydrochloric  acid,  chloraniline  forma  a violet-red,  then  a turbid  brown,  and  ultimately 
a colourless  liquid,  which  at  first  deposits  crystalline  perchloroquinone,  together  with 
tri-  and  penta-cblorophenic  acid  in  the  form  of  a brown  viscid  substance  soluble  in 
alcohol,  but  after  decoloration  contains  nothing  but  perchloroquinone  and  sal-ammoniac^ 
the  same  reaction  therefore  as  with  aniline : 


C*H*C1N 

+ 

Cl* 

+ 

H*0 

c c*H*a’o  + 

Trichlorophenic 

•cld. 

NH‘C1 

+ 

HCl; 

further: 

c^«aN 

+ 

a* 

+ 

H*0 

- emem  + 

PenUcliloropheolc 

•cld. 

NH*a 

+ 

3HC1; 

and : 

+ 

Cl* 

0* 

= C*C1*0*  + 

Perchloroquinone. 

NH'Cl 

+ 

2HCT. 

7.  The  crystals,  immersed  in  aqueous  chromic  acid,  turn  brown  and  become  resinised ; 
the  diy  mixture  takes  fire  at  the  melting  point  of  chloraniline. — 8.  Aqueous  chiorani- 
line  imparts  to  ferric  salts  a green  colour  by  deoxidation,  and  on  boiling,  deposits  a 
blackish-violet  product  soluble  in  alcohol.— 9.  When  the  vapour  is  passed  over  lime  at 
a low  red  heat,  aniline  and  ammonia  pass  over,  a large  quantity  of  charcoal  is  separated, 
and  chloride  of  calcium  is  formed : 

2C«H*aN  4-  CaO  » + C«  + C&Ci*  + NH*  + H*0. 

10.  Melted  potassium  immersed  in  the  vapour  of  chloraniline,  forms  chloride  and 
evanide  of  potassium,  with  vivid  incandescence  and  separation  of  a larro  quantity  of 
charcoaL  On  the  other  band,  potassium^amalganiy  with  water,  reduces  chloraniline  to 
aniline.  (Hofmann,  Ann.  Co.  Phann.  Ixvil  76.) 

Chloraniline  is  not  so  strong  a base  as  aniline ; it  does  not  precipitate  sulphate  of 
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aluminium  or  ferrous,  ferric,  or  zinc  salts;  it  expels  ammonia  from  ammoniacal  salts 
when  heated  with  tljein,  hut  is  itself  j>reeipitatotl  by  ammonia  from  its  hydrochloric 
acid  solution,  and  neutiMlisea  acids  but  inifK-rfectly.  Its  salts  mostly  crystallise  readily, 
and,  in  consequence  of  their  sparing  solubility,  art‘  generally’  precipitated  on  mixing  an 
acid  with  alcoholic  chluraniline,  in  the  Ibrin  of  a crystalliuepulp,  which  may  be  puritied 
by  recry fttullisaf ion  from  InaliDg  water  or  alcohol.  They  are  mostly  colourless  or 
yellowish  in  mass,  and  violet  when  they  coutaiu  excess  of  acid;  they  redden  litmus 
even  w’hen  conipKlelj'  saturatwl  with  the  base.  Like  the  aniline-salts,  they  impart  a 
th'^p  yellow  colour  to  tirw«>od  and  elder-pith,  but  with  chloride  of  lime  they  assume 
only  a very  faint  violet  tint,  changing  afterwartls  to  orange-yellow.  They  are  imme- 
diately' deeom{X)sed  by  alkalis;  also  by  alkaline  carbonates,  with  evolution  of  carbonic 
acid,  inasmuch  as  that  acid  does  not  combine  with  cliloraniline. 

Ih/drochiorate  of  ChloranilinCt  — Hydrochloric  acid  saturated  at  a 

boiling  heat  with  cliloraniline,  yields  on  cooling  large  crystals,  which  may  be  still 
farther  developed  by  slow  evaporation  of  their  aqueous  solution  over  oil  of  vitrioL 
Tiiey  have  the  same  form  as  hydrochlorate  of  brumaniline.  They  are  permanent 
ill  the  air,  become  opaque  when  warmed,  and  sublime  undccomposed  wlien  cautiously 
raised  to  a higher  temperature,  wlierens  sudden  heating  decomposes  them,  with 
formation  of  a violet  va|>our.  The  chhropiatinaU  of  a-vkloramUne,  2C*1I*C1N.H*CI*. 
Pt*'Ci*,  separates  on  mixing  a cold  solution  of  the  hydrocUlorate  with  platiidc  chloride, 
HH  a b<*autiful  orange-coloured  precipitate,  uud  a hot  mixture  of  the  two  salts  solidifies 
on  cooling  to  a pulp  of  crystalline  lamime;  the  salt,  when  exposed  to  light,  becomes 
covered  with  a violet  film.  (Hofmann.) 

Chhropfutinate  of  ^^chlorajtifinr  forms  yellow  crystals  differing  considerably  in  form 
and  solubility  from  those  of  the  a-salt.  (Griess.) 

The  o<{ueou8  solution  of  chittraniiine  forms  a red-brown  precipitate  with  irichhride 
of  gold  and  an  orange-coloured  precipitate  with  chloride  of  jHilladium.  The  cold 
aqueous  solution  of  cliloraniline  immediately  forms  a white  precipitate  with  mercuric 
chloride;  the  hot  mixture  solidifies  after  a while  into  a magma  of  needU*-shapi*d 
crystals.  A mixture  of  the  aqueous  solutions  of  cliloraniline  and  slannoue  cldoride 
quickly  solidifies  to  a silver-shining  crystalline  mass. 

Httratr  of  CA/orowZ/mr,— The  solution  of  cliloraniline  in  warm  dilute  nitric  acid 
]»ecomes  filled,  us  it  cools,  with  large  crystalline  laminse,  mtwtly  of  a reddish  colour. 
These  crystals,  which  cjinnot  l>e  sublimed  w’ithout  decompasition,  melt  when  heated  in 
n tube,  into  a dark-colounnl  mass,  which  dis.**olves  with  splendid  violet  colour  in  alcohol, 
wliilc  part  of  the  salt  crystallUcs  out  undecom^Kiscd.  TUo  salt  dissolves  pretty  readily 
in  w’uter  and  alcohoL 

(C*OT) 

Oxalate  (acid)  of  Chloranilinc,  C«H*CliV.C*H*OVHK)  - OHTlN)-O»H*O.~Th0 

H ) 

Solution  of  cbloniniline  in  the  warm  aqueous  acid  yields,  on  cooling,  crystals,  which, 
W’hen  recrystallised  from  boiling  water,  form  prisms  made  up  of  smaller  ones  joined 
togi  tlier.  They  have  a sweetish  burning  taste,  and  dissolve  s|>aringly  in  water  and 
aleolul ; tho  aqueous  solution  l>ecomes  i^louretl  on  exj>osurt‘  to  the  air  and  deposit  a 
red  powder.  It  does  not  appear  ]>ossible  to  obtain  a neutral  oxalato  of  chloranilinc  in 
tho  crystalline  state. 

Phfspkate  of  Chloranilinc. — Alcoholic  cliloraniline  solidifies  with  aqueous  phosphoric 
acid  into  a magma  of  crystalline  lamin®,  which  dissolve  pretty  readily  in  water  and 
alcohol. 

Sulphate  <f  Chloranilinc,  (CTI-CIN  )*  H*SO'  - (C«irCIX)’SO*.— The  white  crystal- 
line mflgmn,  into  which  alcoholic  chloranilinc  solidifies  when  mixed  with  a small 
quantity  of  acid,  yields,  when  dissolved  in  boiling  water,  confused  violet-white  lamime, 
and  when  dissolved  in  boiling  alcohol,  silvery  nc'cdles  arranged  in  stellate  groups. 
The  crystals  w hen  heatctl  give  off  a small  quantity  of  chloranilinc,  then  blacken,  and 
evolve  sulplmrou.s  acid.  They  are  less  soluble  in  alcohol  than  in  water. 

Aqueous  sulphate  of  copper,  which  is  not  precipitat<*d  by  aqueous  chloranilinc,  soon 
becomes  decolorised  by  boiling  with  ctystalliiio  chloraniline,  and  deposits  a bronze- 
coloured  crystalline  m-iss,  which  is  insoluble  in  water,  and  dissolves  but  sj^avringly  in 
boiling  alcohol,  whence  it  crystallises  iu  spangles  on  cooling;  probably  a double 
sulphate  of  cliloraniline  and  copper. 

l>icbloraniUne,  OH^Cl’X  = (Hofmann,  Ann,  Ch.  Pbarm.  liii. 

33  and  57. — Griess,  ibid,  cxxi.257.) — Hof  man  n,  by  distilling  dichlorisatin  still  con- 
taining monocblorisatin  with  potash,  obtained  long  prisms  consisting  of  dichloraniline 
mixed  witli  a small  quantity  of  the  monochlonnated  base.  Dichloraniline  is  bow- 
el er  more  easily  prepared  by  passing  chlorine  into  pbenylacetamide  till  the  mass  becomes 
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rather  soft,  and  distilling  the  resulting  dichlorophenyl-acetamide  with  potiish.  It  may 
be  puridi^i  in  the  same  manner  as  dibromaniline  (Gricss).  It  crystallises  in  white 
nerUles  nearly  insoluble  in  water^  easily  soluble  in  alcohol  and  fthrr.  The  platinutH- 
salt,  2C‘H*Ci*N.H^Cl®J?t*’Cl*,  forms  yellow  needles  easily  decomposed  by  hot  water. 
(Griess.) 

Trietaloropbenylamlne  or  THomoranlUne.  (Erdmann,  X pr.  Chem.  zix. 
831,  xzr.  472. — Hofmann,  Ann.  Ch.  Phami.  liii.  35.) — This  compound  (the  chlorin- 
datmitof  Erdmann,  who,  however,  overlooked  the  nitrogen  contained  in  it),  dis- 
tils over,  together  with  trichlorophenic  acid,  in  the  prepanition  of  the  latter  by  the 
action  of  chlorine  on  indigo  (p.  393)  (Erdmann).  It  is  also  produced,  together 
with  trichlorophenic  acid,  by  the  action  of  chlorine  on  aniline  or  monochloraniline ; and 
when  this  mixture  is  distilled  with  potash-ley  into  a well-cooled  receiver,  the  trichlor- 
aniline  passes  over  in  needles  floating  on  the  water,  and  as  an  oil  which  soUdiiies  in 
the  crystalline  form.  (Hofman  n.) 

It  crystallises  in  delicate,  white,  very  fragile  needles  and  laminne,  easily  melting  into 
a colourless  oil  which  ciy'stallises  on  cooling ; it  is  volatile  and  neutj^,  and  has  a 
peculiar  odour.  (Erdmann,  Hofmann.) 

It  dissolves  sparingly  in  cold,  more  freely  in  boiling  tcafer ; readily  in  o/coAo/ and 
€thr  ; does  not  combine  either  with  acith  or  with  alkalis. 

With  nitric  acid  it  evolves  nitrous  fumes  and  forms  a yellow  solution  which  tuma 
red  when  mixed  with  potash  (Erdmann). — The  vapour  passed  over  heated  soda- 
lime,  yields  a large  quantity  of  ammonia,  and  when  passed  over  melted  potassium,  it 
%nelds  a large  quantity  of  cyanide  of  potassium  (Hofmann). — It  is  not  decomposed 
by  distillation  with  potash-ley.  (Erdmann,  Hofmann.) 

CbloroOibromanillnet  (Hofmann,  Ann.  Ch, 

Pharm.  liii.  38.) 

Preparation. — 1.  Crystalline  chlomnilino  treated  with  anhydrous  bromine  becomes 
very  hot  and  gives  off  a large  quantity  of  hydrobromic  acid,  assumes  a violet  colour, 
and  is  converted,  after  it  no  longer  absorbs  bromine,  even  when  melted,  into  chlorodi- 
bromaniline,  which  solidifies  on  (xioling,  and  mu.st  be  washed  with  cold  water  and  re- 
crystallised  from  alcohol. — 2.  When  the  whitish  precipitate  which  bromine-water 
forms  in  an  aqueous  solution  of  a salt  of  chloraniline,  is  dissolved  in  hot  alcohol,  a pale 
violet  solution  is  obtained  which  yields  needle-shaped  crystals. 

-White  prisms,  often  with  a tinge  of  red.  They  melt  in  hot  water, 
forming  a brown  oil,  which  volatilises  with  the  vapour  of  boiling  water  and  sublimes 
in  shining  needles.  Insoluble  in  water,  soluble  in  alcohol  and  ether ; decomposed  by 
strong  nitric  acid. 

It  does  not  exhibit  the  characters  of  a salifiable  base ; it  dissolves  indeed,  with  violet 
colour,  in  but  is  precipitated  therefrom  by  water;  dissolves  also  in  hot 

strong  hydrochloric  acid^  but  the  greater  part  of  it  separates  on  cooling,  and  the  rest  on 
addition  of  water. 

It  dissolves  without  alteration  in  warm  ammonia  and  potash  ; does  not  form  com- 
pounds with  chloride  of  mercury  or  tetrachloride  of  platinum. 

Asoebloroplieiijlaniine  or  Piazochl&robcnscne,  C*H*C1N’  = ^ 

(Griess,  Phil.  Trans.  1864  [3]  705.)— The  nitrate  of  this  base,  prepared  like  that  of 
asobromophenylamino  (p.  437),  crystaliisos  in  small  white  plates  wmeh,  when  boiled 
with  water,  yield  chlorophenol. 

The  perhromide^  C*H‘CUs’*  Br*,  forms  yellow  prisms  which  are  decomposed  by  boiling 
alcohol,  yielding  bromoohlorobenzeno,  isomeric  or  identical  with  that  obtained  from 
the  chloroplatiiiHte  of  azobromopheuylamine  (p.  430).  When  decomposed  by  am- 
monia, it  yields  azochlorophcnyleno-diamine  or  diazochlorobenzoylimide, 

The  cHorcplatinaU^  2(C*H*C1N*. HCi.)Pt‘*CP,  forms  fine  yellow  needles  which,  when 
heated  wth  carbonate  of  sodium,  yield  dichlorobenzene. 

Azochlorophenylamine  precipitalfd  by  acetic  acid  from  its  compound  with  hydrate  of 
potassium,  is  a lemon-yellow  explosive  powder. 

AaodlolUoropheiiylamtiie  or  Viacocldorobcnemcnc,  C’ETl'N*.  (Griess, 
cit.) — The  nitrate  forms  white  plates.  The  prrbromidc,  C*H’Cl*N*.Br*,  crystallises 
in  yellow  prisms;  the  ch/oroplatinate,  2(C‘nK?T'N*JICl).Pb'*Cl‘,  in  small,  yellow,  very 
brilliant  plates. 

4.  Cyanophenylamines. 

CyaniUde  or  CyanlUne»  (Cahours  and  Cloez, 


Digitized  by  Coogic 


442 


PHENYLAMIKES: 


Compt  rend,  zxxriii  88,  856.)~Wlien  pure  and  verj  dry  gsaeona  chloride  of  cyan* 
ogen  is  passed  into  a solution  of  aniline  in  anbydrons  ether  cooled  with  ice,  a crystal' 
line  deposit  is  formed,  consisting  of  hydrocblorate  of  aniline,  which  continually 
increases ; and  the  filtrate  evaporated  over  the  water^bath,  leaves  cyanilide  in  the 
form  of  a viscid  mass  which  sohdi6es  as  it  cools.  It  is  a reddish  substance  resembling 
colophony  in  friability,  conchoi'dal  fracture  and  translucence.  It  is  completely  do 
compo^  by  beat,  yielding  various  products.  Its  alcoholic  solution  mixed  with  hydro- 
chlorate of  aniline  and  evaporated  for  some  time  over  the  water-bath,  yields  crystallised 
hydrocblorate  of  melaniline : 

Ifelanilioe. 

CyanOide  is  insoluble  in  water,  hut  dissolves  readily  in  alcohol  and  ether.  Water 
added  to  the  alcoholic  or  ethereal  solution,  immediately  separates  a viscous  substance 
which  gradually  becomes  crystalline. 

Compound  of  ^aniUde  ujith  Chloride  of  Cyanogen  : Chloroctaiolidi,  C**H**N*C1 
es  2C'H*N*CNCl.  (Laurent,  Ann.  Ch.  Phys.  [3]  xxii.  97.)— When  solid  chloride 
of  cyanogen  in  the  state  of  powder  is  gradually  introduced  into  a fiask  containing  ani- 
line dissolved  in  lukewarm  water  and  the  requisite  quantity  of  alcohol,  chlorocyanilide 
falls  down  as  a white  powder,  which  must  ho  washed  with  water  and  alcohol  succes- 
sively, after  the  liquid  which  contains  the  hydrocblorate  of  aniline  has  been  decanted : 

4C*n»N  + C*N*a»  - C»H*»NK!1  + 2(OH'N.Ha). 

Its  formation  is  similar  therefore  to  that  of  chlorocyanamide,  2CH*N*.CNC1,  by  the 
action  of  ammonia  on  solid  chloride  of  cyanogen. 

Chlorocyanilide  crystallises  from  alcohol  on  cooling  in  white,  highly  lustrous,  some- 
what elongated  laminse,  and  after  fusion  in  radiating  needles.  Not  volatile  without 
decomposition. 

When  heated  somewhat  above  its  melting  point,  it  gives  off  11*8  per  cent  of  hydro- 
chloric acid,  becoming  less  fluid,  and  ultimately  leaves  a ^^nish,  transparent,  vesi- 
cular residue,  containing  It  dissolves  slowly  in  boiling and  on  neutral- 

ising the  cooled  eolation  with  nitric  acid,  a white  flocculent  precipitate  is  obtained, 
which  is  insoluble  in  ammonia,  but  dissolves  in  hot  weak  uitnc  acid,  separates  in  the 
form  of  a jelly  on  cooling,  and  contains  62'6  per  cent,  carbon,  and  4 6 hydn^en 
(LaurentX  Laurent  regards  this  substance  as  phenyl-ammeline,  C**N*H**0|  «» 
C*H*(C*H*)*N*0  (which  however  requires  2 per  cent,  more  carbon),  and  represents  its 
formula  by  the  equation : 

C»n'*N*Cl  + KHO  =»  C'»H'*N*0  + KCl 

The  subject  requires  further  investigation. 

Cy»nani1ine,  C’HW  or  rather  C'*H'*N*  C'*H'*N*.Cy*.  (Hofmann,  Chem. 

Soc.  Qu.  J.  I 160;  ii.  300;  Ann.  Ch.  Pharm.  Ixvi.  129;  Ixxiii.  180.)~Thi8  substance, 
though  not  a substitution-product  of  aniline,  hut  a compound  of  aniline  and  cyanogen 
formed  by  direct  union,  without  elimination  of  hydrogen,  may  be  conveniently  de- 
scribed in  this  place. 

To  prepare  it,  cyanogen  gas  is  passed  through  a solution  of  aniline  in  a six-fold 
quantity  of  alcohol,  till  the  liquid  smells  strongly  of  it,  but  not  longer ; and  the  re- 
nting crystals  are  freed  from  the  mother-liquor,  which  colours  them  reddish-yellow, 
either  by  repeated  washing  with  cold  alcohol,  or  by  washing  them  twice  with  that 
liquid,  and  subsequently  dissolving  them  in  dilute  sulphuric  acid,  filtering  from  a red 
crystalline  powder,  precipitating  the  palo  yellow  filtrate  by  ammonia,  and  crystallising 
the  palo  yellow  poiverulent  precipitate  once,  twice  or  three  times  from  a large  quxmtity 
of  boiling  alcohol,  till  colourless  lamime  are  obtained. 

Cyananiline  crystallises  in  colourless,  silvery,  iridescent  laminae,  which  do  not  voIop 
tilise  without  decomposition,  even  in  company  with  vapour  of  water ; they  melt  be- 
tween 210®  and  220®,  and  solidify  in  the  crystalline  form  on  cooling;  they  are  heavier 
than  vrater;  inodorous,  tasteless  and  neutr^.  The  acid  solutions  of  tliis  base  do  not 
colour  firwood  yellow ; neither  do  thev  turn  blue  in  contact  with  chloride  of  lime,  or 
give  the  precipitates  of  aniline  with  chromic  acid.  It  is  insoluble  in  teo^r,  and  only 
slightly  soluble  in  sulphide  of  carbont  ttwrf-spirif,  alcohol,  ether,  benzene  and  oih, 
whether  fixed  or  volatile. 

Vecompoeitwns. — 1 . Cyananiline’at  a temperature  a little  above  its  melting  point,  turns 
brown,  chars,  and  gives  off  aniline  together  with  hydrocyanate  of  ammonia. — 2.  Tiro- 
mine  becomes  strongly  heated  in  contact  with  cyananiline,  and  perhaps  forms  at  first, 
bromocyaoaniline,  which  however  is  ultimately  converted  into  tribromanilino. — 3.  The 
violet  solution  of  cyananiline  iaoUof  vitriol  gives  off,  when  slightly  heated,  a mixture 
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of  carbonic  anhydride  and  carbonic  oxide,  which  latter  is  more  and  more  replaced  by 
sulphurous  acid  as  the  heat  increases ; and  the  liquid  on  cooling  solidifies  in  a crystal* 
Uue  mass  consisting  of  sulphato  of  ammonium  and  phenyl-salpbamic  acid : 


C'«n'«N*  + 3H*S0‘  + IVO 


(NH‘)*SO«  + CO  4.  CO*. 


4.  The  solution  in  dilate  kydroehlorie  (or  dilute  sulphuric  acid)  soon  assumes  a deep 
yellow  colour,  and  when  evaporated  over  the  water-bath,  mvea  off  an  odour  of  phenylic 
cyanate,  CH’.CNO  (ii.  196X  and  leaves  a white  crystnllino  mass,  iiom  which  sal- 
ammoniac  and  byd^hlorate  of  aniline  are  extracted  by  cold  water,  and  afterwards 
oxamide  and  phenyl-oxamtdo  by  boiling  water,  whilst  diphenyl-oxamide  is  left  un* 
dissolved  in  quantity  equal  to  of  the  oxamide  and  the  pbenyl-oxamide.  In  this 
case,  two  decompositions  appear  to  take  place  simultaneously : 


(1)  C"H”N* 

+ 2H»0 

+ 2HC1 

= 2Nn*a  + 

(C-HM'VN*. 
H>  ) 

DipheojrloxamlJe. 

+ 2C*H*NC1. 

(2) 

+ 2H*0 

+ 2HC1 

. (OOTJk. 

Oumkle. 

Hydrochlorste 
of  aoiUne. 

At  the  moment  of  formation  (hut  not  afterwards)  the  oxamide  and  diphenyl-oxamide 
are  partly  converted  into  pbonyloxamide : 


C*H‘N»0*  + C'«U'*N»0*  « 2C*H»N*0». 


Cold  dilute  acids  gradually  eliminate  aniline  and  give  off  the  odour  of  phenylic  cyanate. 
— 5.  Cyananilinc  is  not  altered  by  boiling  aquMus  or  alcoholic  potash,  but  by  potassic 
hi/drate  in  the  state  of  fusion,  it  is  converted  into  ammonia,  aniline,  hydrogen  gas,  and 
carbonate  of  potassium : 

C‘*H'*N*  + 4KHO  + 2H*0  - 2NII*  + 2C*n'N  + H*  + 2K*CO*. 

SaiTS  OF  Ctaxakilikb. — These  salts  are  formed  by  direct  combination  of  the  acid 
and  base,  and  must  be  brought  to  the  solid  state  os  quickly  as  possible,  before  they 
decompose.  They  are  not  produced  by  passing  cyanogen  gas  through  alcoholic  solu- 
tions of  aniline-salts.  According  to  the  formula  they  must  be  regarded  as 

diacid  salts. 

JJt/drobramate,  Cl*II'^N*.2HBr. — Cyaniline  is  dissolved  in  boiling  dilute  hydro- 
bromic  acid,  and  the  filtrate  immediately  mixed  with  an  equal  quantity  of  concentrated 
hydrobromic  acid,  which  separates  ciy’stals,  to  be  wasluHl,  first  with  concentrated 
hydrobromic  acid,  then  with  ether.  The  salt  is  very  much  like  the  following. 

Hydrochiorate,  C'*H'*N^.2HCL— The  yellow  solution  of  cyananiline  in  boiling 
dilute  hydrochloric  acid,  is  filtered  hot  and  immediately  mixed  with  an  equal  quantity 
of  fuming  hydrochloric  acid,  which  decolorises  it,  and  soon  causes  the  separation  of 
a large  quantity  of  colourless  crystals,  which  must  be  washed  with  hydrochloric  acid 
and  then  with  ether.  These  crystals  have  a very  sweet  taste,  and  are  permanent  when 
dry,  but  decompose  in  the  mc^  state,  becoming  at  the  same  time  insoluble  in  water. 
Their  aqueous  solution  yields  by  evaporation,  the  same  products  of  decompueition 
as  the  direct  solution  of  cyananiline  in«^ute  hydrochloric  acid  {vid.  sup.).  Aniline 
added  to  the  aqueous  solution  of^tbe  crystals,  precipitates  the  cyananiline  as  the  weaker 
base,  and  acids  throw  down  the  crystals  in  their  ori^nal  state.  The  crystals  dissolve 
with  groat  facility  in  water  and  in  alcohol.  The  chhro-aurcUf^  C‘*H**N\2(HCl.AuCl*), 
is  an  orange-coloured  precipitate  obtained  by  adding  auric  chloride  to  a solution  of 
cyananiline  in  alcohol  or  hydrochloric  acid.  The  cklor^atinaie,  C'*H'^*.2HCl.Pt*’Cl\ 
is  precipitau-d  on  mixing  a moderately  concentrated  solution  of  cyananiline  in  hydro- 
chloric acid  saturated  at  the  boiling  heat,  with  a concentrated  solution  of  platinic 
chloride,  and  leaving  the  liquid  to  oooL  It  forms  beautiful  orange-coloured  nctdlea 
wliich  are  soluble  in  water  and  alcohol,  but  cannot  bo  recrystallised  from  those  liquids, 
the  soliitioDB  yielding  nothing  but  chloroplatinato  of  aniline  and  cbloroplatinate  of 
ammonium. 

HydrioilaU  of  Cyananiline  resembles  the  hydrochlorate  and  hydrobromate,  but 
dc(vjmpost's  quickly  on  exposure  to  the  air,  uith  separation  of  ioiline. 

nitrate^  C‘^H'*N’.2UNO*.— .Cyananiline  dissolves  easily  in  boiling  dilute  nitric  acid, 
and  the  solution  on  cooling  deposits  the  nitrate  in  white  needles  which  may  be  re- 
crystnllisid  from  l>oiling  water.  It  is  but  slightly  soluble  in  cold  water'  still  lees  in 
alcohol  and  other.  It  forms  a crystallisablo  double  salt  with  nitrate  of  silver. 

The  oxalate  and  sulphate  ara  very  soluble,  and  their  solutions  decompose  during 
evaporation. 
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6.  lodophenylaminei* 

Xono-lodopbenjlamlne  or  ZodanlUne,  C*II*IN  «» 

Ann.  Ch.  Phann.  Ixrii.  64.)— To  prepare  this  compound,  pt.  of  iodine  is  gradually 
dissolved  in  1 pt.  of  aniline;  the  solution  is  mixed  with  hydrochloric  acid  of  specific 
gravity  1‘11  (a  stronger  acid  would  separate  hydrochlorate  of  aniline);  the  solution  of 
hydrochlorate  of  aniline,  hydriodic  acid,  &c.,  is  separated  by  filtration  from  the  pre- 
cipitated and  still  strongly  coloured  hydroohlorate  of  io<laniline,  which  is  sparingly 
soluble  in  water;  the  precipitate  is  washed  several  times  with  hydrochloric  acid,  and 
crystallised  several  times  from  boiling  water,  at  last  after  boiling  with  animal  charcoal, 
till  the  crystals,  which  are  at  first  ruby-coloured  and  contain  free  iodine,  together  with 
a brown  induretted  decomposition-product  of  aniline,  are  completely  decolorised;  and 
the  iodaniline  is  precipitated  from  their  aqueous  solution  by  ammonia,  as  a white  ciys- 
tallinc  powder,  which — in  order  to  free  it  from  any  of  the  yellowish  decomposition- 
product  and  pluMphate  of  calcium  from  the  animal  charcoal,  that  may  still  adhere  to  it 
—is  dissolved  in  alcohol,  filtered  from  the  yellowish  product,  and  precipitated  by  water 
in  the  form  of  a white  crystalline  mass.  The  liquid  filtered  therefrom  yields  by 
evaporation  yellowish  oily  <b^>ps  which  crystallise  on  cooling. 

Pn/pertUs. — White  crystalline  powder,  which  crystallises  from  solution  in  prisms 
and  needles,  never  in  octahedrons ; the  mass  solidified  from  cooling  also  never  ex- 
hibits the  cleavngc-faces  of  the  octahedron.  It  is  heavier  than  water.  Melts  at  60®, 
forming  a yellowish  oil,  and  at  the  moment  of  solidification,  shows  a temperature  of 
61®,  but  sometimes  remains  liquid  even  at  the  ordinary  temperature,  in  which  case, 
contact  with  a glass  rod  often  causes  it  to  solidify  suddenly  in  a crystalline  mass. 
When  evaporated  at  a rather  strong  heat,  it  volatilises  unuccompos^,  and  easily 
distils  over  even  with  vapour  of  water.  It  has  a vinous  odour  and  a burning  aromatic 
taste,  no  action  on  vegetable  colours.  Like  aniline,  it  imparts  a deep  yellow  colour 
to  firwood  and  elder-pith ; but  chloride  of  lime  colours  it,  uot  violet  but  reddish.  The 
vapour  bums  with  a bright  sooty  flame. 

Iodaniline  dissolves  very  sparingly  in  cold  water,  and  crystallises  from  boiling  water 
in  interlaced  hairs.  It  dissolves  in  sulphide  of  carbon,  also  in  alcohol,  ether,  wood^ 
apirit,  acetone,  and  oils  both  fixed  and  volatile. 

Decompositions. — 1.  In  contact  with  the  air,  iodaniline  becomes  quickly  covered 
with  a brown,  metallically  lustrous  film,  and  gradually  assumes  a black  colour  extend- 
ing throughout  the  whole  mass. — 2.  Chlorine  decomposes  iodaniline  into  trichlor- 
amline,  tnchlorophenic  acid  (as  with  aniline,  p.  424),  and  chloride  of  iodine. — 3,  With 
bromine,  alcoholic  iodaniline  solidifies  in  the  form  of  crystalline  tribrumaniline,  while 
all  the  iodine  is  set  free  as  bromide  of  iodine.  — 4.  Chlorate  of  potassium  with  hydro- 
chloric acid  forms,  as  with  aniline,  trichlorophonic  acid  and  perchloroquinonc. — 6.  With 
strong  boiling  nitric  add,  iodaniline  forms,  with  brisk  action  and  evolution  of  iodine- 
vapour,  a solution  from  which  picric  acid  crystallises  on  cooling. — 6.  Crystallised 
chromic  add  decomposes  iodaniline  with  violence,  but  does  not  set  it  on  fire.— 

7.  Oently  heated  potassium  decomposes  iodaniline  with^violence,  forming  iodide  and 
^anide  of  potassium. — Potassium-amalgam  introduced  into  aqueous  nitrate  of  iodan- 
iUne,  immediately  forms  iodide  of  potassium,  and  reproduces  a small  quantity  of 
aniline,  whilst  the  greater  portion  is  converted  into  a yellow  crystalline  substance 
having  an  aromatic  ^our.  Zinc  immersed  in  iodaniline  supersaturated  with  sulphuric 
acid,  eliminates  iodine  and  aniline,  so  that  after  a few  minutes  the  liquid  forms  a blue 
colour  with  starch,  and  after  saturation  with  potash,  gives  up  aniline  to  ether.— 

8.  When  chloride  of  cyanogen  is  passed  through  iodaniline  dissolved  in  other,  hydro- 
chlorate of  iodaniline  is  first  precipitated  but  forwards  disappears,  and  the  iodaniline 
is  converted  into  a transparent,  slowly  crystallising  resin,  which  is  a mixture  of 
hydrochlorate  of  di-iodomelanilmo  and  lodophenyl-carbamide.  Formation  of  hydro- 
chlorate of  di-iodomelanilino : 

2C*H-NI  + CNCl  = 

Formation  of  iodophonylcarbamido  and  hydrochlorato  of  iodaniline : 

2C‘H"NI  + CNCl  + H*0  = (CO)”(C*H*I)H>X*  -f  C*H«IN.nCl. 

Salts  of  Iodaniline. — These  salts  crystallise  with  the  same  facility  as  the  aniline 
salts,  but  are  less  soluble.  loilaniline  is  a weaker  base  than  aniline,  and  is  separated 
by  the  latter  from  the  solutions  of  its  salts.  It  precipitates  the  salts  of  aluminium, 
but  does  not  decompose  ferric  or  zinc  sails.  With  sulphate  of  copper  it  forms  a yellow 
precipitate. 

Uydnthromate  of  IcdaniHne  exactly  resembles  the  hydrochlorato. 

The  hydrocklorate,  C*H*IN.HC1,  is  sparingly  soluble  in  cold  water,  and  its  aqueous 
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solution  U almost  entirely  precipitated  bv  hydrochloric  acid.  It  crystallises  from 
boiling  water  in  lai^e  thin  laminae  or  needles  soluble  in  alcohol^  insoluble  in  other. 
The  vkioroauratf  is  an  unstable  scarlet  precipitate  formed  on  mixing  the  solutions  of 
auric  chloride  and  hydrochlorate  of  iodaniline.  The  ckl<troplatinaU^  2C‘H‘IN.H’Cl*. 
is  an  orange-coloured  crystallino  precipitate. 

Hydriodate  of  Iodaniline  forms  a radiate  mass  much  more  soluble  than  the  hydro* 
bromate  and  hydroehlorate,  and  easily  decomposible. 

The  nitrate  crystallises  from  watrr  in  beautiful  capillary  needles  of  great  length.  It 
is  more  soluble  than  the  preceding  salts,  especially  in  boiling  water ; very  soluble  also 
in  alcohol  and  ether.  Its  solution  is  not  precipitabd  by  nitrate  of  silver. 

The  oxalate,  2C-H’IN.q>H»0*  = (C’0*AC*nTN)*0»  crystallises  in  long  flattened 
needles,  sparingly  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

The  sidphate,  2OH*IN.SII*0*  = (C*II’IN)*SO*,  (rystallises  in  shining  scales.  The 
aqueous  solution  appears  to  be  decomposed  by  boiling;  at  all  events,  on  attempting  to 
recrystallise  it  after  boiling,  a portion  of  the  salt  always  remains  insoluble. 

Ago-iodophenylamlne.  C*H’IN*  — ^ | N.  Diazo-iodohenzot.  (Qries% 

riiil.  Trans.  1864  [3]  706.) — This  base  and  its  salts  are  obtained  by  processes  exactly 
similar  to  those  employed  for  the  preparation  of  the  corresponding  bromine-com- 
pounds (p.  436).  Azoio<lophenylamino  in  the  free  state  is  a yellow  explosive  pre- 
cipitate. The  nitrate,  C*H*IN*.NHO*,  crystallises  in  white  prisms  or  needles,  very 
soluble  in  water.— The  eulpkaie,  in  small  plates  easily  soluble  in 

water,  sparingly  soluble  in  alcohol. — The  chloroplatinate,  (C*H*IN*. HCl).Pl*’Cl*,  in 
bright  yellow  clusters  of  needles.— The  perbromide  of  azodoihp)unylammonium, 
C*H*IN*.Br*,  forms  small  yellow  plates.  With  boiling  alcohol  it  yields  bromo-iodo- 
benzene,  C*H^6rI ; and  with  aqueous  ammonia  it  forms  azo-iodophenyiene- 

diamine,  or  diazo-iodobenz  olimide, 


6.  Hitrophenylaminet, 

aCoBonltropbenylunlBO  or  WitranUine.  C^H^KO’)?!  » 

(Hofmann  and  Muspratt,  Ann.  Ch.  Pharm.  Ivii.  204. — E.  Arppe,  ibid,  xc.  147; 
xciiL  157).— Of  this  bast'  there  are  two  isomeric  mo<liflcation.4,  the  one  called  alpha- 
nit  rani  lino  (or  by  Arppe,  paranitraniline\  obtained  by  reducing  dinitrobenzene  with 
sulpbydric  acid  (H  of  man  n and  Muspratt);  the  other  called  beta-nit  raniline* 
{nitrayiiline  of  Aippel,  produced  by  the  decomposition  of  nitro-phenyl-paratartrimide 
(Arppe),  or  of  nitrophenyl-acctamido  or  nitrophenyl-succinamide  nndor  the  influence 
of  alkalis  (Hofmann,  Proc.  Koy.  Soc.  x.  589;  xii.  639): 

C*H*(NO»)*  + 3H=S  - CH^•(^’0•)N  + 2H*0  + S*. 

DlnitrubcDsme.  Nltr^ntilnr. 


C-HVNO»)[„ 
(OTTO’)"  P * 

Nllrophenjrl.pyro- 

Urtrimide. 


H>0  - 


H.C*H\XO«) 
(C*H'o*y 
H 

NUrnphPTiTl.pTro- 
UrlrAinic  acid. 


]s. 


n.C‘n'(NO’).„ 

(C‘?w>)'  + n»o 

>»'  Itrophenyl  -pyro- 
tartramlc  acid. 

C*H‘(NO»)) 

C»H*0  + H'O 

H i 

y itrophen;  l-.crtanii<ie. 


CTI'(NO=)t^  (C‘irW)'-> 

NUraDlline.  Pyrourtarle 


+ C«IPO|o 

Nitranilinf.  Acetic  add. 


a-nitraniline  was  the  first  instance  discovered  of  a basic  substance  containing  the 
elements  of  nitric  peroxide. 

I*rrparatvm. — 1.  Of  a-nitraniline.-^Tho  squeous  solution  of  dinilrobenzene  is 
saturated  with  ammoniaeal  gas  ; sulphuretted  hydrogm  is  passed  through  the  blood-red 
solution,  till  the  liquid  is  satur.ited  with  it  and  only  a slight  deposition  of  sulphur 
takes  place ; and  the  solution  is  then  mixeil  u ith  hydrochloric  ucid  nn*!  eva|>orated, 
whereupon  an  additional  quantity  of  sulphur  separates,  together  with  undecompused 


* The  mrantna  herp  n««=irned  Co  the  terms  and  /S-nUraniUn<*  U the  dame  ai  that  rtr'sInAltr  iriren  hjr 
Htifmann,  ami  adopted  in  mn*t  work*  on  Chemlnr)'  (Gmelin**  Unndhoiik,  (lerhardi**  Tra>l(  dt’  Vhimie 
orpnnique.  the  Ifandtpori,  rburk  dt-r  Ckemtr.  Ac.).  G r i e • r,  on  the  contr.irr,  in  a recent  memoir  (Fhtl. 
Trant.  IhThI,  { tj  70S)  drkiitnatei  ttn>  baafo'  ulDitl  from  the  iittroted  pbenyUmldetotw,  and  tlut  obtaioed 
by  reductlou  of  diititrobciiicue  of  ^-oltrooiliae^ 
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dinitrobenzeoe.  The  filtrate  is  then  mixed  with  potash,  which  precipitates  a brown 
adhesito  resin  ; this  resin  is  freed  fjx>m  potash  by  washing  with  cold  water,  and  then 
dissolved  in  boiling  water;  the  orangc>yellow  solution  is  filtered  to  se{)arate  a small 
quantity  of  undissolved  brown  resin  ; and  the  needles  of  a>nitraniline  which  separate 
on  cooUng,  are  purified  by  recrystallisation  from  hot  water  (Hofmann  and  Mus> 
pratt).  Arppe  farther  purifies  the  crystals  with  animal  charcoal. 

2.  Of  $-nitranilinf. — Nitro-phenyl-pyrotartrimide  is  dissolved  in  a boiling  dilute 
solution  of  sodic  carbonate  mixra  with  a little  caustic  soda,  whereby  it  is  converted,  by 
taking  up  1 at.  water,  into  nitrophenyl-pyrotartramic  acid,  aud  the  solution  is  boiled 
till  it  no  longer  gives  a precipitate  of  that  acid  on  addition  of  nitric  acid.  The  nitro* 
pbenyl-pyrotartramic  acid  is  then  resolved  into  /S-nitranlline  and  pyrotartario  acid 
The  yellow  solution  yields  on  cooling  an  abundant  crop  of  yellow  rhombic  table's  which 
must  be  collected  on  a filter,  washed  with  cold  water,  and  purified  by  recrystallisation. 
(Arppe.) 

An  easier  mode  of  preparation  is  to  dissolve  phenylacetamide  or  pbenylsuccinamide 
in  cold  faming  nitric  acid,  dilute  the  solution  with  water,  which  throws  down  nitro- 
pbenyl-acetamide  or  nitropbenyl-succinamide,  and  distil  this  precipitate  with  caustic 
potash.  (Hofmann.) 

ProperfrVs.— -Alpha-nitraniline  forms  needles  of  a fine  yellow  colour  and  an  inch  long ; 
heavier  than  water.  They  melt  at  about  110®  (at  108°,  according  to  Arppe),  forming 
an  oil  of  a deep  yellow  colour,  which  boils  at  286®,  passes  over  in  yellow  rapours,  and 
solidifies  in  the  receiver,  forming  a laminated  mass;  at  100®  the  crystals  sublime  in 
beautiful laminsD,  without  previous  fusion  (Hofmann  and  Muspratt).  Thesublimed 
crystals  are  rhombic  tables  of  61®  and  129®,  having  one  of  the  acute  angles  cither 
perpendicularly  truncated,  or  bevelled  w*ith  two  faces,  while  the  two  obtuse  angles  are 
sometimes  obliquely  truncated,  sometimes  unaltered  ; macles  are  ofien  formed  with 
deep  re-entering  angles.  Similar  modifications  are  exhibited  by  the  crystals  obtained 
from  Solution  in  water  or  alcohol  (Arppe).  The  ciystals  are  inodorous  at  ordinary 
temperatures,  but  when  slightly  warra^,  they  emit  an  aromatic  odour  having  a distant 
resemblance  to  that  of  aniline  ; they  have  a burning  sweet  taste,  are  perfectly  neutral, 
and  colour  firwood  (as  well  as  the  cuticle)  deep  yellow,  like  aniline,  but  do  not  produce 
any  blue  colour  with  chloride  of  lime.  (Hofmann  and  Muspratt.) 

^-nitranilino  crystallises  from  the  aqueous  solution  by  slow  cooling  in  long  nee<lles ; 
but  by  more  rapid  cooling,  in  small  tabular  or  needle-shaped  crystals  with  angles  of 
69®  and  111®,  having  the  smaller  angle  truncated  in  such  a manner  as  to  produce  a 
six-sided  table  with  angles  of  11 1®  and  138®.  From  an  alcoholic  solution,  the  rhombic 
tables  separate  unaltered  together  with  the  six-sided  tables  ; an  ethereal  solution  yields 
sometimes  tables,  sometimes  capillary  needles;  from  an  aqueous  solution  containing 
carbonate  of  sodium,  rhombic  tables  of  66®  and  126®  are  obtained;  by  sublimation, 
sometimes  needles,  sometimes  irregular  laminae.  The  cty  staJs  melt  at  141®,  volatiliso 
at  about  the  same  temperature,  and  sublime  very  beautifully  when  heated  between  two 
watch-glasses.  At  100®,  the  sublimation  is  scarcely  perceptible.  The  crystals  have 
also  scarcely  any  taste.  (Ar|>pe.) 

Alpha-nitrouiline  dissolves  in  600  pts.  of  trover  at  18*6®,  and  much  more  readily  in 
boiling  water  (Arppe).  3-nitraniline  dissolves  in  1250  pts.  of  water  at  12  6®,  and  in 
45  pts.  of  boiling  water.  Both  modifications  dissolve  easily  in  alcohol  and  in  riher, 

Dreompoftiiions. — 1.  The  vapour  of  nitraniline  burns  with  a bright  sooty  flame.-— 
2.  Alpha-nitraniline  distils  almost  witliont  residue  ; but  /3-nitraniline  leaves  a con- 
siderable quantity  of  carbonaceous  matter,  when  distilled. — 3.  Brnmine  converts 
nitraniline,  with  great  rise  of  temperature  aud  evolution  of  hydrobromic  acid,  into 
a brown  resin  whose  solution  in  hot  alcohol  deposits  yellow  crystals,  insoluble  in  water, 
acids,  and  alkalis,  and  probably  consisting  of  dibromonitraniline,  C*H*Br*(NO*)N 
(Hofmann  and  Muspratt). — 4.  A'lVrrc  acid,  even  when  highly  concentrated, 
dissolves  ^-nitraniline  without  visible  decomposition  (Arppe) ; but  a-nitraniline  is 
violently  acted  upon  by  nitric  acid,  and  converted,  afior  a while,  into  an  add  which 
appean  to  be  picric  add  (Hofmann  and  Muspratt). — Gaseous  chioridc  of  cyano- 
gen passed  through  meltM  nitraniline  (a),  converts  part  of  it  into  dinitromclaniline, 
while  the  greater  portion  is  transformed  into  a resinous  substance.  Alcoholic  nitrani- 
line is  dccompos^  very  slowly  b^  chloride  of  cyanogen  and  aqueous  aniline  in  a 
peculiar  manner ; but  nitraniline  dissolved  in  ether  forms  with  chloride  of  cyanogen, 
nothing  but  hydrochlorato  of  aniline  and  yellowish  needles  of  nitrophenyl-carbamido : 

(COV'  ) 

2C‘H\NO*)N  + CNCl  + 11=0  = C»H\NO=)N.nCl  + C-H'i  NO*)>X*. 

H*  > 

6.  Neither  a-  nor  0-nitniniline  is  aot«d  upon  by  the  iodides  or  bromides  of  ethyl  nn«l 
Diethyl.  (Hofmann,  l*roc.  Roy.  Soc.  xii.  639.) 
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Salts  of  Krr&AMTLGfK^Nitraniline  in  either  modificntion  is  a very  weak  base, 
not  precipitating  any  metallic  salt.  From  the  solutions  of  iu  salts,  some  of  which  are 
ciystallisable  ; it  is  precipitated  in  the  crystalline  form  by  aniline,  as  well  as  by  the 
caustic  alkalis  and  alkaline  carbonates. 

Hydrochloratet.  C*H*N*0*.HC1.— The  colourless  solution  of  a-nitraniline  in  hydro- 
chloric acid,  yields  by  eraporation,  nacreous  crystals,  extremely  soluble  in  water  and 
alcohol  (Hofmann  and  Muspratt).  Elongated  rhombic  tables  with  angles  of  120^ 
and  60°,  which  are  permanent  in  the  air  and  dissolve  readily  in  hydrochloric  acid; 
they  are  decompose  by  water,  which  separates  the  greater  part  of  the  base. 
(Arppe.) 

^-nitraniline  forms  with  hydrochloric  acid,  a jpellow  solution,  or  if  the  acid  is  in 
great  excess,  a colourless  solution,  which,  on  cooling,  deposits  rather  largo,  colourless, 
tabular  crystals,  which  in  their  simplest  form,  are  four-sided  tables,  with  angles  either 
(o)  of  9o°  and  85®,  or  (6)  of  66®  and  115®;  by  the  combination  of  these  two  forms,  the 
acute  angles  of  a being  truncated  by  h,  six-sided  tables  are  formed ; and  by  the  trunca- 
tion of  all  the  angles  of  u,  eigbt^sided  tables.  The  salt  is  easily  decomposed,  both  by 
beat,  which  causes  it  to  turn  yellow  and  giro  off  acid,  and  by  water,  which  M'pnmtes, 
the  base  almost  completely  ; alkalis  precipitate  the  nitraniline  in  the  crysUilline  form 
but  the  precipitate  redissolres  in  excess  of  the  alkali.  (Arppe.) 

Chiorojdatinatrs,  2[C*H^NO*)N.HCI].Pt*’Cl*. — The  o-salt  is  precipitated  byplatinic 
chloride  from  the  alcoholic,  but  not  from  the  aoueons  solution  of  a-nitraiine,  as  a 
yellow  crystalline  powder,  which  is  extremely  solnble  in  water  and  in  alcohol,  and  must 
therefore  be  washed  with  ether.  The  3*saft  is  precipitated  from  the  concentrated  so- 
lution of  the  hydrochlorate  either  in  water  or  m alcohol ; it  is,  however,  much  more 
soluble  in  alcohol  than  in  water.  It  crystallises  in  stellate  groups  of  very  slender 
needles.  When  washed  with  a mixture  of  alcohol  and  ether,  it  is  conTcrtcd  into  a 
yellow  salt,  apparently  consisting  of  C*H*(NO*)N.HCl.Pt'’Cl\  (Arppe.) 

Nitrate  of  a-nitraniiine  is  crystalline,  easily  soluble  in  water,  very  sparingly  soluble 
in  strong  nitric  acid.  The  ^nitrate  crystallises  in  shining,  long,  right-angled  truncated 
prisms,  and  is  decomposed  by  water. 

Oxalates. — Alpha-nitmniline  forms  an  acid  oxalate,  C*H*(N0*)y.C*H*0*,  which  is 
deposited  in  yellow  crystals  on  mixing  the  alcoholic  solutions  of  the  base  and  acid. 
Oxalate  of  3-nitranilino  crystallises  in  slender  needles  and  plates  sparingly  soluble  in 
water. 

Sulphatrs.^Th^  o-salt  crystallises  in  shining  rhombic  prisms,  which  dissolve  in 
water,  forming  a clear  solution.  The  /3-salt  crystallises  from  a solution  of  jB-nitranilino 
in  dilute  sulphuric  acid,  in  laige  shining  plates  which  hare  an  acid  taste,  and  are 
decomposed  by  water. 

Tartrate  of  a-nitranUint  forms  a yellow  solution  from  which  the  salt  crystallises  in 
yellow  rectangular  tables.  Potash  docomposes  the  solution,  separating  the  base  in  the 
form  of  a yellow  crystalline  precipitate  soluble  in  excess  of  the  alkali.  Tartrate  of 
crystallises  in  yellow  neiKlles;  potash  does  not  precipitate,  but  dissolves 
it,  forming  a red  solution.  (Arppe.) 

A solution  of  either  modi6cation  of  nitraniline,  mixed  with  a recently  prepared  so- 
lution of  gall-nuts,  and  afterwards  with  a small  quantity  of  potash,  yields  a copious 
floeculent  or  almost  gummy  precipitate,  which  is  decomposed  by  excess  of  potash,  a 
portion  of  the  base  being  precipitated  in  the  crystalline  form.  (Arppe.) 

BlnltranUlne.  C*H*N*0*  = N.  (Oottlieh,  Ann.  Ch.  Pharm. 

Ixxxr.  17.) — Produced  by  the  action  of  alkalis  on  dinitrophenyl-citraconimide.  When 
this  compound  is  treated  with  a boiling  dilute  solution  of  carbonate  of  sodium,  carbonic 
anhydriue  is  evolved,  and  the  light  flocculent  crystsls  of  the  amide  are  partly  dissolved, 
and  partly  converted  into  a heavy  yellow,  crystalline  powder,  consisting  of  dinitrani- 
line ; when  the  action  is  complete,  this  substance  separates  out  in  more  definite  crystals. 
If  the  boiling  bo  not  continued  long  enough  to  ensure  the  complete  decomposition  of 
the  imide  in  the  manner  above-mentioned,  the  mother-liquor  is  found  to  contain  dini- 
trophenylcitraconamate  of  sodium  as  well  as  citraconafo.  The  dinitraniline  is 
purified  by  crystallising  it  several  times  from  boiling  water: 


(c*n*o>)'  I N + n»o 

D*nilr*>pbcTiTl- 

citract'tiimiae. 


(CMPO’r 

Dinitrophen^l-cltra- 
conamic  acid. 


DinItrophenyl.fUra-  l>lniiranUine.  Citraoonic  add. 

conamic  arid. 
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Dinitmniltne  crystnlliscs  by  Bpontaneous  eTaporntion  of  its  aoluHon  in  a mixture 
of  alcohol  and  ether,  in  greenUh-yellow,  rather  brilliant  tublea,  exhibiting  a bluish 
tint  by  refl«-cted  light  on  tlic  lateral  faces.  It  is  ino<iorous  ; boils  at  185®,  giving  off 
yellow  vapours,  which  condense  in  the  form  of  a yellow  sublimate  ; the  melted  portion 
solidifies  on  cooling  into  a deep  yellow  crystallino  mass.  It  dissolves  sparingly  in  cold 
ttfu/'er,  easily  in  boiling  water  and  in  alcohol.  When  heated  suddenly  in  a tube,  it  blackens 
and  explodi'S.  Sulphide  of  ammonium  converts  it  into  nitrophcnylcne^diamine: 

+ 3ITS  = ^ + S'. 

Dioitraniline.  N itroplien^lene> 

dimmiue. 

Dinitranilinc  docs  not  combine  with  acids. 

Trlnitranlllne.  Trinitrophenylamide^Picramide^(yR*1^^0*  — C II^NO*)  y 

(Pisaui,  Ann.  Ch.  Pharm.  xcii.  326.) — Obtained  by  the  action  of  ammonia  on 
chloride  of  trinitrophenyl  or  chloropicrjl  (p.  416).  Wlien  crude  chloropicrj’l  is  tritu- 
rated with  excess  of  cold  aqueous  carbonate  of  ammonium,  and  the  rt'suUing  mass  is 
treated  with  boiling  water,  a residue  is  obtained,  consisting  of  tritiilraniline,  which 
dissolves  in  boiling  alcohol,  and  separates  in  crystalline  plates,  dark  yellow  by  trans- 
mitted, violet  by  reflected  light,  and  yielding  a light  yellow  powder.  It  dissolves 
sparingly  in  ether.  When  heated  it  de<»mnofies  with  detonation,  giving  off  nitrous 
fumes  and  leaving  a carbonaceous  residue,  lleated  with  aqueous  potash,  it  gives  off 
ammonia  and  leaves  picrate  of  ]x>ta6siiim. 

Asonltropkenylainlne,  C'H'N'O'  - C'HXXO*)^*  = [C‘H(N’0»)^N™]'| 

Dia:»>nitrfjbenzol.  (Griess,  Phil.  Trans.  1864,  [3], 708.) — Pytreating  the  nitrates  of 
a*  and  i8-nitraniline*  with  nitrous  acid,  nitrates  of  azonitrophcnylamine  an*  oh!ain«Hl, 
having  the  same  composition  but  differing  from  one  another  in  physical  properties,  and 
yielding,  when  heate<l  with  bromine,  platinic  chloride,  and  other  reagents,  isomeric 
salts  exhibiting  corresponding  diflFercnces  of  physical  charact4‘r. 

liitratc  of  a-azoniirophi^^amine,  C*H*NHP.NHO*,  is  precipitated  by  ether  from  its 
alcoholic  solution  in  prisms  frequently  approaching  to  cul>cs,  very  soluble  in  water, 
sparingly  soluble  in  alcohol,  insoluble  iu  ether,  and  exploding  with  groat  violence  when 
heated.  The  jS-salt  has  about  the  same  degree  of  solubility,  but  crystallises  in  fine 
long  needles. 

Poth  modifications  of  the  nitrate  when  hoiled  with  water,  are  decomposed,  after  some 
time,  with  evolution  of  nitrogen-gas,  yielding  a brownish,  easi  y fusible,  sliglitly  acid 
substance,  which,  judging  from  the  manner  in  which  the  nitrites  of  arophenvlaminc 
azohromo-bromophenvlamine,  &c.,  are  decomposed  (pp.  432,  437),  should  have  t^e  com- 
position of  nitrophemc  acid,  according  to  the  equation  ; 

C*n«(NO*)N»  + n^O  - CTP(N0*)0  -»•  N*; 

AiotiUropbcuxl*  Nurophrnic 

amine.  acid. 

hut  it  cannot  be  made  to  crystallise,  and  appears  to  differ  altogether  in  its  properties, 
both  from  nitrophenic  and  ^m  isonitrophenic  acid  fp.  394). 

li\\Q  cKlomj)latin<xU$,  2(C*Il’N*0*.HCl)rt‘*Cl*,  of  both  modifications,  crystallises  in 
long  yellow  needles  or  prism.s. 

Prrhromide  of  a-azonitroph^nplammoninm,  C*H*(XO*)N*Br*,  is  precipitatixl  by 
bmmine-water  from  the  aqueous  solution  of  the  a-nilrate,  usu  illy  as  an  oil  which  soon 
solidifies.  It  forms  small  orange-coloured  plates  or  prisms,  which,  unlike  the  /J-com- 
pound,  cannot  be  reciystulliseil  from  warm  alcohol.  It  is  likewise  obtained,  together 
with  tribromonitrauilino,  by  the  action  of  bromine  on  nzodinitroiliphcnyldiamino,  the 
latter  being  suspended  in  water,  and  bromine  added  till  the  whole  is  converted  into  a 
heavy  brownish-red  oil: 

C'»H*(NO»)*N*  + Br*  « C*H*(KO’)N»Br»  + C«n*Pr»(N05)N  + 2UBr. 

Atodhil(ro«dlptien}'t-  Perbrutuide.  TribromoaitrAuilioe. 

diamine. 

On  decanting  the  stipematant  aqueous  mother-liquor,  and  allowing  the  excess  of 
bromine  to  evaporate,  the  oil  solidifies  to  a eiystnlline  mass.  Before  however  com- 
plete solidification  occura,  thick  yellowish-red  crystals  frequently  shoot  out,  consistiug 
of  the  nearly  pure  perbromitle,  which  may  be  freed  from  adhering  tribromaniline  by 
oulverisation  and  wn.shing  with  ether.  If  no  distinct  crystals  form  after  the  bromine 
has  eva|X)rated,  the  eiystalllne  mass,  consisting  of  thej.HTbrornideaudtribi'umouitraniline, 
must  be  pressed  between  filter-paper  and  waslicd  with  other,  to  dissolve  out  the 

• «*nd$  Are  here  u»ed  la  the  teiue  oppoiite  to  (bat  utlrned  to  them  la  Grleas’s 

piper  (tee  foul-note,  p.  4V»), 
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tribromonitraniline.  This  howoror  i«  attonded  with  loss,  since  the  pcrbromide  ia 
partly  converted  by  the  ether  into  nitrobromobenzene. 

The  jS-perbromi(le  ia  precipitated  by  bromine-water  from  the  nqneous  3-nitrate,  in 
slender  orange  prisms  almost  insoluble  in  water  and  in  other,  but  easily  soluble 
in  warm  alcohol,  whence  the  compound  is  deposited  on  cooling  in  well-defined 
crystals. 

On  heating  the  alcoholic  solutions  of  the  a-  and  3-pcrbromide,  a-  and  3-nitrobromo- 
benzene,  C*H*(NO’)Br  (p.  416),  are  obtained. 

The  a-perbromide  treated  with  aqueous  ammonia  is  converted  into  a-azo- 

nitrophenylene-diamine,  |n*,  or  diazonitrubcnzolimide, 

[(C*H  )1  which  crystallises  in  orange-coloured  needles,  melting  at  52^. 

The  3-pcrbromide  yields  in  like  manner  a compound  having  the  same  composition, 
but  crystallising  in  very  brilliant  yellow  rounded  plates  which  melt  at  71®. 

Tiibromonltropbcnjlamlaef  or  TiibromoBltranillnef  C*H*llr*(NO*)N. — 
Produced  as  above  bv  the  action  of  bromine  on  azodinitrodiphenyldiamine.  To  obtain 
it  pure,  the  ethereal  solution  is  evaporated  to  dryn<»8 ; the  residue  is  dissolved  in 
warm  alcohol;  the  solutionis  mixed  with,  water  till  it  beeomos  milky  and  de{>osits 
crystals,  and  the  ciystals  are  thrown  on  a filter,  pressed  bt'tween  sheets  of  filler-paper 
to  remove  any  adhering  nitrobromobenzene,  and  furtlier  purified  by  crystallisation 
from  weak  alcohoL  It  ciy-stallises  in  small  slightly  yellowish  plates  which  cannot  be 
sublimed  without  decomposition.  (Qriess.) 


II.  Derivatives  op  Anii.txb  Fonvun  mr  REPLACKMEirr  op  IIydroorn  not 

BELUNOINO  TO  THB  FhBNTL-RAOICLB. 

The  extra-radical  or  typic  hydrogen  of  aniline  may  be  replaced  wholly  or  partially, 
both  by  acid  and  by  alcohol-radicles.  In  the  former  case,  neutral  or  acid  amides  are 
produce<l,  such  as  phenyl-acetamide,*  (C*IP)(C’'H*0)HN,  phenybdibeuzoylamidc, 
(C*n*)(C^H*0)’N,  &c.  These  compounds  arc  described  with  the  several  acids,  or  in 
separate  articles.  In  the  latter  case,  basic  amines  are  fonued,  such  as  methyl-nuiline, 
(C*H'XCH>)Hy,  raethyl-amylaniline,  C‘H*XCH«)(C»n")N,  &c.:  these  will  be  de- 
scribed  in  the  following  pages.  Tliey  are  pi^ueed  by  the  action  of  the  bromides  and 
iodides  of  the  alcohol-raaicles  on  aniline : those  in  which  the  whole  of  the  hydrogen  is 
replaced  by  alcohol-radicles  are  capable  of  uniting  with  the  alcoholic  iodides,  forming 
compounds  belonging  to  the  ammonium-type  (see  Puekylammonu'ms). 

OHM 

AUylanlUne,  or  Allylopbenylaznlne,  C*H’*K  CIPVN.  (H.  Schiff,  Ann. 

H ) 

Ch.  Pharm.  Suppl.  iii.  364.) — A mixture  of  aniline  and  iodide  of  allyl  becomes  heated 
to  100®  in  a few  minutes,  and  forms  a very  soluble  crystalline  mass  of  hydrio<late  of 
allylauiline.  The  free  biuse  separated  fn^m  this  salt  by  potash  is  a yellow  liquid  <>f 
8j>ocific  gravity  0 982  at  25°;  having  an  o<lour  of  aniline  and  of  geraniums,  and  a 
burning  taste ; slightly  soluble  in  water.  Its  salts  are  crystalline,  easily  soluble,  and 
are  coloureil  violet  by  hypochlorite  of  calcium.  The  concentrated  solution  of  the 
liydroehlomte  givi*8  with  pUiiinic  ckhride  a dark  yellow  prix-ipitate,  which  usually 
separates  as  a resin  b<*conring  crystalline  aHer  a while.  It  is  slightly  soluble  in  water 
ami  in  alcohol,  and  contains  2(C*H"N.HCl)Pt‘*Cl*  (p.  459), 

The  free  base  tri*atc?<l  with  omnn/Ao/ yields  heptylidene-diallyl-dipheiiyl- 
diamine,  (C’IP‘)"(C*IP)*(C*n‘)*N*. 

C‘H“  ) 

AmylanlUne,  = C*IP'Vn.  (Hofmann,  Chem.  Soc.  Qu.  J.  iii.  297 ; 

II  ) 

Ann.  Ch,  Pharm.  Ixxiv.  153.) — To  obtain  this  base,  a mixture  of  aniline  and  bromide  of 
amyl  is  set  aside  at  the  ordinary  temperature  for  several  daj*s  ; the  mother-liquor,  eon- 

• Phi'nplacciamMU  A\%).  This  compnond  It  rntlly  produce>J  bforoloased  boiling  (cohn. 

iMtlon)  of  aniline  with  concentrated  acetic  acid  (1  ll-O  =a  ( ’'iPNOi.  On  tunicqiimt 

dhtillation,  the  amide  pa*»et  over  and  lohriiArt  In  a white  pNr.iffin.|ike  mxnt.  It  diHoUet  e«*ily  in 
wa’er,  alrobnt,  ether,  beuiene,  and  v<il«tite  niU(  rrjttallbrt  on  cooling  from  a hot  aqin'out  aoiuiion 
In  omaii  colourleft  net'diet ; from  (dl  of  lemnni.  In  large  neetilci.  It  melts  at  lO)'’.  and  bniU  at  Z96” 
(bar.  at  7W  mm  ).  .Specific  gravity  as  I’O  9 at  lO  A®.  Vnpour-denslcy,  ob».  = 4 S07— 4 ««7  ; calc.  =s 
4*r,7I.  it  If  decompofed  by  irHlIum,  yielding  anilmoand  a >n  nil  ((U.mitliy  of  another  t»n«ic  nil  (Gr  evill « 
\V  III i am »,  Chem.  Soc.  J.  avii.  uis.) 

Voi.  IV.  G O 
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sisting  of  amylanilinc  and  bromide  of  amyb  is  decanted  from  the  resulting  dystals  of 
hydrubromat^  of  aniline ; and  the  bromide  of  amyl  is  distilled  off: 

2C*WS  + - OH'N.IIBr  + C"n>T^. 

Or  a mixture  containing  a larger  quantity  of  bromide  of  amyl  is  heated  in  the  water- 
bath;  thv  oxceas  of  bromide  of  amyl  removed  by  distillation;  and  the  remaining 
hydrobromatc  of  amylaniline  decomposed  by  potash,  whereby  the  amyluniline  is  separated 
in  the  form  of  an  oil,  which  may  be  purified  by  solution  in  etiier,  agitation  with  water, 
and  evaporation  of  the  ether. 

Amylaniline  is  a colourless  oil,  which  boils  steadily  at  2o8^,  has  an  agreeable  odour 
like  that  of  roses  at  ordinary  temperatures,  but  an  offensive  odour  of  fu.sel-oil  when 
heated.  Heated  with  bromide  of  ethyl  to  100°,  it  is  converted  into  hydrubromate  of 
ethylamylaniline,  and  with  bromide  of  amvl  into  diiiroylaniline. 

Its  compounds  with  hydrobromic,  liyarochloric  and  oxalic  acids,  form  beautiful 
crystals,  which  have  a fatty  lo.stre,  dissolve  sparingly  in  water,  and  when  heated  with 
water,  rise  to  the  surface  in  the  form  of  an  oil  which  solidifies  on  cooling. — The  chloro- 
platinate  is  precipitated  in  the  form  of  an  unctuous  mass,  which  ciystallises  only  after 
a considerable  time,  and  when  a f>ortion  of  it  has  suffered  decomposition. 

HrAiTVLAxujNE,  C'H^'N  ="  (Hofmann,  Ann.  Ch.  Pharm.  lxxiv.I66.) 

Amylaniline  heated  for  two  days  in  the  water-hath  with  excess  of  bromide  of  amyl, 
yields  crystals  of  hydrobromatc  of  diamylaniline.,  from  which  the  base  may  bo  separated 
us  above.  It  is  an  oil  boiling  between  276^  and  280‘^,  and  haring  the  ^our  of  amyl- 
aniline. 

Its  salts  are  nearly  insoluble  in  water,  so  that  when  the  base  is  heated  with  dilnto 
hydrochloric  or  sulphuric  acid,  the  resulting  salt  rises  to  the  surface  in  the  form  of  an 
oil,  which  on  cooling  solidifies  in  a crystalline  mass  having  a fatty  lustre. — The  plati- 
num-ea/i^  2(C'*H^N.HCI)iV*Cl*,  is  precipitated,  on  mixing  the  hydrochlorate  with 
tetn\cbloride  of  platinum,  in  the  form  of  a ;yellow  oil  which  quickly  solidifies  to  a 
brick-red  crystalline  mass ; alcoholic  sblutions  imminliately  yield  crystals. 

C'HO 

Cetylaaillne,  C’*H**N  = (Pridau,  Ann.  Ch.  Pharm.  Ixxxlii.  25.V^ 

H ) 

Iodide  of  cetyl  heated  to  100®  with  excess  of  aniline  yields  crystalline  hydriodate  of 
aniline  and  free  cctylamine,  which  may  be  scjvirated  from  the  crystals  by  means  of 
water  ami  ether,  an<l  purified  by  converting  it  into  a hydrochlorate,  dtx^ompoeing  this 
suit  by  potash,  ami  recrystallising  the  free  base  thus  obtained  from  alcohol. 

Cefylaniline  crystallises  in  silvery  scales  which  melt  at  42®,  and  solidify  at  32®  to  a 
yellowish-white  muss  of  crystalline  rosettes.  It  is  insoluble  in  tiHticr,  ea.‘»ily’  soluble  in 
alcohol  and  etfu'r^  does  not  precipitate  metallic  salts,  and  has  no  action  on  vegcmblo 
colours. 

The  hf/drochloratc  crystulHsos  in  shining  plates. — The  chloroplatinaU  (2C*’H**N. 
HCl).Pt*^Cl*,  is  preeipitate<l  in  reddish-yellow  crystalliuo  fincks  on  adding  water  to  a 
inixtun^  of  hydrochlomte  of  cetyloniline  and  alcoholic  platinic  chloride.  The  nitrate 
crystallises  in  shiuing  himino!,  the  alcoholic  solution  of  wliicli  is  partially  decomposed 
by  evaporation.  The  oxalate  forms  colourless  confusedly  interlaced  needles.  The 
eulphate  is  the  most  soluble  of  the  salts  of  cetyloniline;  it  may  be  completely  separated 
from  its  alcoholic  solution  by  water. 

C*H‘) 

fitbylanlline.  (Hofmann,  Chem.  Soc.  Qu.  J.  iii.  285; 

II  j 

— Ann.  Ch.  Pharm.  Ixxiv.  12S.) — A mixture  of  aniline  and  excefw  of  bromide  of  ethj’l, 
gently  heutt*«i  in  au  apparatus  which  allows  the  eondensed  vapours  to  flow  back  again, 
passes  into  spontaneous  ebullition,  and  afterwards  on  cooling  yields  cr}stals  of  hydro- 
bromulcof  ethylaniline  ; C'lPN  + C’IPBr  •=*  C“H*'N.HBr.  The  aqueous  solution  of 
the  hydrubromate  of  ethylaniline  is  mixed  with  concentrated  potash,  and  the  brown  oil 
which  ri^cs  to  the  surface  is  removed  with  the  pipette,  dried  over  hydrate  of  potassium, 
aud  rectified. 

Ethylaniline  is  a transj>arent,  colourless,  strongly  refracting  oil  of  sp.  gr.  0-964  at 
18®;  boils  constantly  at  204® ; smells  like  aniline;  does  not  produce  any  blue  colour 
with  chloride  of  lime;  colours  firwood  and  elder-pith  yellow,  but  much  less  strongly 
than  aniline.  It  is  soluble  in  alcohol. 

Dreompositions. — 1.  Ethylaniline  quickly  turns  brown  when  exposed  to  the  air,  or 
even  muier  the  mere  influence  of  light. — 2.  With  bromine  it  forms  a neutral  (tribro- 
maniline  ?)  and  a basic  compound. — 3.  It  takes  fire  in  contact  with  diry  chromic  acid. — 

4.  With  phosgene  gas  it  acts  violently,  forming  a hydrodilomte  and  an  iudifferent  oil.— 
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5.  With  Bulpkide  of  car})on,  it  slowly  pives  off  sulphureltcd  liydroijen.— G.  Ctfonopt^i 
pas  passod  through  alcoholic  ethylanilino,  forms  short  prisms  probably  consisting  of 
cyanethylaniline.  C*H"N*.  This  compound  is  separated  in  the  pulverulent  form,  on 
adding  ammonia  to  the  solution  of  the  crystals  in  dilute  sulphuric  acid : its  solution  in 
. sulphuric  acid,  on  being  mixed  with  strong  hydrochloric  acid,  deposits  the  hydroclilo- 
rate  in  beauti^l  crystals ; its  platinum-s^t  is  very  soluble. — 7.  EthyUniline  abstjrhs 
gaseous  chforide  of  cyanogrn  rapidly  and  with  rise  of  temperature,  and  then  solidi> 
fies  on  cooling  in  the  form  of  a resinous  mixture  containing  a neutral  oil  and  the  hydro- 
chlorate of  a Tolatile  oily  base. — 8.  Ethyluniline  heated  for  two  days  in  the  water- 
bath  with  iodide  of  methyl  yields  crystals  of  hydriodato  of  metliyl-ethyl-anilinc 
(C*H*XCH*)(C*H*)N.HI.  In  like  manner  with  bT^mide  of  ethyl  and  bromide  of  amyl^ 
it  yields  the  hydrobmmates  of  diethylaniline  (C‘H*)(C*H*)*N,  and  ethyl-omyl-anilino 
{OH‘KC*H*)(C*H")N. 

(^moinations. — The  salts  of  ethylaniline  dissolve  very  easily  in  water,  loss  easily  in 
alcohol,  from  which  also  they  crystallise  better.  The  sulphate  and  hydrochlorate  have 
not  yet  been  obtained  in  the  solid  form.  The  hydrobromatff  C"H'*N.HBr,  prepared 
as  above,  crystallises  from  the  alcoholic  solution  by  spontaneous  evaporation  in  large 
tables.  At  a gentle  heat  it  sublimes  in  needles  without  decomposition,  but  when 
quickly  heated,  it  is  resolved  into  aniline  and  bromide  of  ethyL  It  dissolves  very 
n*adily  in  water. 

Mercuric  chloride  and  trichloride  of  gold  added  to  hydrochloratc  of  ethylaniline 
throw  down  yellow  oils  which  quickly  decompose, 

ChloToplatinate  of  Ethylaniline^  2{C*H"N.HCl).Pt‘*Cl*. — A saturated  aqueous  solu- 
tion of  hydrochlorate  of  ethylaniline,  added  to  a concentrated  solution  of  platinie  chloride, 
throws  down  an  oil  of  a deep  orange-yellow  colour,  which,  after  a few  hours,  solidifies 
in  the  crystalline  form;  a somewhat  more  dilute  mixture  deposits  aflcr  a few  hours, 
splendid  needles  an  inch  long,  which  must  be  washed  with  a mixture  of  ether  and  a 
little  alcohol.  The  crystals  are  permanent  at  100°,  and  dissolve  very  readily  in 
water  and  alcohol. 

D1ETHT1.ANILIXE.  s*  (Hofmann,  Ann.  Cb,  Pharm.  Ixiiv. 

135.) — The  bydrobromate  of  this  base  separates  in  crystals  from  a mixture  of  ethyl- 
aniline  with  a very  large  excess  of  bromide  of  ethyl,  and  when  freed  from  adhering 
bromide  of  ethyl,  and  treated  with  potash,  as  in  the  preparation  of  ethylaniline,  yields 
diethylaniline,  as  a transparent,  colourless  oil  of  sp.  gr.  0-936  at  18°,  boiling  with  per- 
fect steadiness  at  213'6°,  and  exhibiting  with  flrwo^and  chloride  of  lime,  the  same  reac- 
tions as  ethylanilino.  It  remains  transparent  and  colourless  when  exposed  to  the  air. 
With  iodide  of  ethyl  it  yields  iodide  of  triethyl-phenylammonium,  (C*H‘)*(C*H*)NI. 

Htfdrohromate  of  Duthylaniline^  C'*H*‘NHBr,  prepared  as  above,  forms  large  four- 
side^  tables,  which  at  a ^ntle  heat  melt  and  sublime  in  needles  without  decomposition ; 
blit  when  quickly  heated,  are  almost  wholly  resolved  into  an  oily  distillate  consisting  of 
ethylaniline  and  bromide  of  ethyl. 

ChloroplaUnate  of  Diethylaniline^  2(C“'II'*N.HCl').Pt*’Cl\  is  precipitated  from  some- 
what concentrated  solutions  of  hydr^hlorate  of  diethylaniline  and  tetrachloride  of 
platinum,  in  the  form  of  a brownish-yellow  oil  which  soon  solidifies  in  a hard  mass; 
out  from  more  dilute  solutions  it  is  gradually  deposited  in  yellow  prisms  which  may 
be  purified  by  cirstallisation  from  al^hoL  It  is  less  soluble  both  in  alcohol  and  in 
water  than  the  pJatinum-solt  of  ethylaniline.  (Hofmann.) 

C*H*Br) 

Ethyijibouamlikb.  C*H**BrN  *>  C’H*  >N.  Bromanilinc  treated  with  excess 

H I 

of  bromide  of  ethyl  is  quickly  converted  into  bydrobromate  of  ethylbromaniline  (p.  278) 
which,  when  treated  with  potash,  yields  ethylbromaniline  exaclly  resembling  etbyl- 
chloraniline.  Its  platinum-salt  is  a viscid  oil.  (Hofmann,  Ann.  Ch.  Pharm.  Ixxiv. 
125.) 

CTI'Cl) 

ETHTLCHi/ORANiLrjr*.  C*H'*C1N  =3  C*H*  >N,— A mixture  of  chloranilioe  and 

H 1 

excess  of  bromide  of  ethyl,  kept  for  some  days  at  100°,  and  then  frecnl  from  excess  of 
bromide  of  etliyl  hy  distillation  with  water,  leave.s  a solution  of  hydrobromate  of  cthyl- 
chloraniline.  on  which  a few  drops  of  the  base  float.  This  base  is  completely  separattnl 
by  potash  in  the  form  of  an  oil  of  high  boiling  point,  remaining  liquid  below  0°,  and 
having  an  odour  like  that  of  aiiise-oiL 

The  salts  of  this  base  are  much  more  soluble  than  those  of  chloraniline. 

The  and  oxalate  crystallise;  the  chloroidatiuate  docs  not,  (Hofmann, 

Ann.  Ch.  Pharm.  Ixxiv.  143.) 
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DlBTnYTrHLORAimjXe.  C’*II“C1N 


[N. — A mixture  of  bromide  of  ethjl 


c*n«a? 

(C=H‘)* 

aud  ethylohloranilino  dried  in  a liot  current  of  air  and  heatetl  lo  100®  for  two  days, 
is  converted  into  hydi’obromato  of  diethylchloraniline ; aud  from  this  the  base  is 
separated  by  potash  as  a brownish  oih  which  is  purified  by  solutioa  in  ether,  freed 
from  potash  by  washing  with  water,  and  from  ether  by  evaporation. 

The  solution  of  the  base  in  hydrochloric  acid  yiehls  with  p/aiinic  chloride  an  orange- 
yellow  crystalline  precipitato  of  the  chloroplatinate  2(C‘*U'^ClN.IlCl).Pt‘’Cl*.  (Hof- 
mann, loc,  cit.) 

C*H‘ 


Ethtl-aixtl-akiluib. 


>H‘) 

C’HM 


Tho  bydriodate  is  obtained  by 


heating  allylanilino  with  iodide  of  ethyl  for  two  or  three  days,  as  a crystalline  mass, 
I'rom  which  potash  separates  the  base  as  a thick  yellow  oil  having  no  characteristic 
odour,  distilling  between  220®  and  225®,  and  forming  soluble  salts.  An  acid  oxalate^ 
crystallises  from  a solution  of  the  base  in  exct*ss  of  hot  aqueous  oxalic 
acid,  in  spherical  groups  of  small  needles,  (Hchiff,  Ann.  Ch.  Pharni.  SuppL  liL  364.) 

mv ) 

Ktuyt.-amtl-anilinb.  C‘*H*’N  = C*H*  >N.  {Hofmann,  Ann.  Ch.  Pharm. 

OH") 


Ixxiv.  156). — A mixture  of  amylsniline  and  excess  of  bromide  of  etliyl  (ti'rf.  fup.\  or  of 
ethylanilino  and  excess  of  bromide  of  amyl  or  of  i*>dide  of  amyl,  which  acts  most 
quickly,  is  heated  in  the  water-bath  f(»r  two  days,  and  the  base  is  separate<l  from  tho 
nyiulting  hydrobroraate  of  ethylamylunilinc  as  in  the  preceding  case.  The  product 
is  ft  colourless  oil,  boiling  at  262®,  therefore  only  4®  higher  than  amyUtniline. 

Wlien  heated  with  iodide  of  methyl  it  jiclds  tho  iodide  of  mctbyl-ethyl-aniylo- 
phenylummonium,  (CIP)(C*fl»)(C*H*')(C*H‘)NJ. 

The  Hpdrobrojnatc  and  Ifydrochlorate  of  Kthi/famytauiline  crystallise.  Tho  former 
is  resolved  by  (listillation  into  ethyluniline  and  bromide  of  amyl : 


C»IP‘N.HBr  =s  eiP’N  + C*n'»Ur. 


Tho  ch^oroplaiinate  is  precipitated  in  the  form  of  an  orange-yellow  viscid  liquid, 
which  solidifies  in  crystals  fusible  at  106® 

c«nM 

Metbylantllne.  C^H*y  = (Hofmann,  Ann.  Ch.  Pharm.  Ixxiv.  150.) 

H t 

— This  base,  metameric  with  benzylamino  or  tuluidine,  (C^H^)H*N,  is  produced  by  the 
action  of  iodide  or  bromide  of  methyl  on  aniline.  The  mixture,  which  should  be  made 
gnulually,  to  avoid  too  great  a rise  of  temnemture,  soon  solidifies  to  a crystalline  mass 
of  hydriodate  or  hydrobromate  of  methylaniline,  frx>m  the  aqueous  solution  of  which 
tile  oily  base  may  be  separated  by  j^otash, 

Methylaniline  is  a transparent  oil,  which  boils  at  192®,  has  a peculiar  odour,  and 
colours  aqueous  chloride  of  lime  violet,  but  not  so  strongly  as  aniline.  Its  salts  are 
sparingly  soluble  in  water,  and  arc  separated  from  their  aqueous  solution  in  the 
crystnlliDe  state  by  acids. 

The  chloroplatinate,  2(C'H*N.HCl).Pt**Cl\  is  precipitated  in  the  form  of  a limpid  oil, 
quickly  changing  to  paleyellow  crystalline  scales  which  must  be  quickly  washed  with 
cold  water  and  dried.  They  soon  turn  black  from  decomposition,  and  when  alcoholic 
Bolutions  are  used,  a black  muss  is  immediately  precipitated. 

Tho  cxalaie  crystallises  readily,  but  quickly  decomposes,  reproducing  aniline. 

cnp'i 

Mktiiyl-amtl-aniune,  — CH*  >N,  is  produced  by  the  distillation  of 

C*H”3 

hydrate  of  raethyl-ethyl-amylo-phenylammonium,  water  and  ethylene  being  given  off 
ftl  the  ssinn*  time: 

[(CH*)(C^H*)(C*H>')(C*H*)N]HO  = (CH>)(C*H'>XC*H^)N  + C»H‘  + H*0. 

It  is  an  oil  having  an  agreeable  odour.  The  chloropiafinate,  2(C'*H'*N.HCl).Pt‘*Cl*,  is 
a crystalline  precipitate.  (Hofmann,  Ann.  Ch.  Pharm.  Ixxix.  15.) 

Methyl-bthyl-antuxe.  C*H'*N  *=  (Hofmann,  Ann.  Ch.  Pharm.  Ixxiv. 

CW> 

152.) — Etbylaniline  heated  with  iodide  of  methyl  for  two  days  to  100®,  yields  crystals  of 
hydriodate  of-methyl-othyl-aniline.  The  base  separated  therefrom  smells  like  ethyl- 
aniline,  but  is  not  coloured  by  cliloride  of  lime.  Its  salts  are  very  soluble  and  mostly 
unciystallisable. 
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c*n^ 

PtaenylaDlllnes. — 1.  DirnEsrijisnsi!,  C’H''N  C‘U‘yN.  (Hofmann, 

Ann.  Ch.  Pharm.  cxxxii.  163.) — This  hase,  isomeric  with  xcnylumino  (C'*H*)II*N,  is 
pnxiiictHl  by  tho  distillation  of  triphonyl-rosaniline  (aniline-blue),  C**H**(C*H*)*K*. 
When  commercial  aniline-bine  is  subjected  to  distillation,  a faintly  yellowish  liquid 
passes  over,  and  when  the  portion  which  distils  between  280® — 300^  is  mix«*d  with  hy- 
drochloric acid,  it  imme^liately  solidities  to  a hydrochlorate,  sparingly  soluble  in  stronj; 
hydrochloric  acid,  easily  purified  by  wa.shing  with  alcohol  and  rfxuystallisiafion  fr:>ni 
alcohol.  This  salt  mixed  with  ammonia  yields  colourless  oil-drops  which  solidify 
in  a few  seconds  to  a hard  crj’stalline  mass  of  diphenylamine. 

This  base  is  also  found  in  small  quantity  amongst  tho  products  of  distillation  of 
rosaniline,  leucaniline,  and  melaniline. 

Diphenylamine  has  a peculiar  odour  of  flowers,  and  an  aromatic  taste  with  burning 
afler-taste.  It  melts  at  45®  to  a yellow  oil,  which  boils  constantly  at  310®.  It  is 
nearly  insoluble  in  trofrr,  easily  soluble  in  alcohA  and  ithrr.  Neither  the  aqueous 
nor  the  alcoholic  solution  exhibits  the  slightest  alknUn>‘  reaction.  The  crystals  treat«-d 
with  concentrated  acids  arc  immediately  converted  into  tho  corresponding  salts,  which 
however  are  oxtr»*raoly  unstable,  tho  base  being  separated  from  them  even  by  water  in 
oily  drops  which  soon  solidify  to  crystals.  From  the  hydrochlorate  every  trace  of  tho 
base  may  bo  removed  by  prolonged  washing  with  water.  The  h}idrocMoraie^ 
C'*H"N.HC1,  is  obtained  by  rcciy’staUisation  from  alcohol  in  white  needles,  which  soon 
turn  blue  in  contact  witli  tno  air. 

Diphenylamine  and  its  salts  treated  with  strong  nitric  acid  immediately  assnmo  a 
splendid  blue  colour ; the  reaction  is  lx*st  exhibited  by  mixing  the  base  with  hydro- 
chloric acid,  and  then  adding  nitric  acid  by  drops ; it  is  very  delicate,  and  serves  to 
distinguish  diphenylamino  from  all  similar  bodies  excepting  phcnyl-tolylaminc  (p.  454), 
The  compound  to  which  this  blue  colour  is  due  is  likewise  produced  by  the  action  of 
other  oxidising  agents  ; thas  on  mixing  a solution  of  the  hydroehlorate  with  platinic 
chloridf,  a blue  solution  is  formed,  from  which  the  chloroplatinato  separates  only  on 
very  strong  concentration,  and  oven  then  deeply  coloured. 

When  diphenylamine  is  mixed  with  (benzylamine)  and  the  mixture  treated 

with  mtrcuric  ciUoride  or  arsenic  ocirf,  or  any  of  the  other  reagents  by  which  or- 
dinary uniline  is  converted  into  aniline-red,  a fused  mass  is  obtained  which  dis- 
solves in  alcohol  with  splendid  viob  t-bluc  colour.  The  body  thus  formed,  which 
has  the  character  of  a true  dyc-stuflT,  is  probably  monopheny l-rosaniliuo, 

An  alcoholic  solution  of  diphenylamine  mixed  with  bromine,  yields  a yellow 
crj'stiilline  precipitate  of  totrabromo-dipbenylamine,  C'*H’Br*N,  probably  » 
(C*IPnr’)’HN.  It  is  sparingly  solublo  in  cold  alcohol,  and  separates  from  boiling 
alcohol  in  beautiful  silky  crj'st^s. 

Diplunylamine  li^attnl  with  chh>ride  of  benzoyl  yields  diphenyl-benzamide, 
in  tho  form  of  a thick  oil  which  crystallises  on  cooling.  (Seo  Phbktl- 
BB.SXAMIDEs). 

2.  Tkiphkn'tlaminb.  — (C*H*)*y.  Diphent/l-aniiine.  (Qussmann, 

Ann.  Ch.  Pharm.  c.  67.) — This  base  has  not  yet  l>een  obtained  directly  from 
aniline  or  any  other  phenyl-compound ; but  a base  metameric,  or  possibly  identical,  with 
it  is  produced  by  the  distillation  of  sulphate  of  cinnaroyl  and  ammonium  with  slaked  lime : 

2[C*HTNH*>S0*1  + Ca”H*0*  = + NH>  + 2H*0  + Ca'H'S*0«. 

The  distillate,  which  consists  of  a dark  yellow  oily  liquid  and  a watery  ammoniacal 
li(]uid  containing  the  oi^nic  ba.se,  ie  Iwiled  with  carbonate  of  sodium  or  dilute  potash-ley, 
till  all  the  ammonia  and  volatile  hydrocarbon,  6cc.,  arc  i xpelb-d;  tho  fixed  alkali  re- 
rocjvtnl  by  rejxnited  washing.  &c,,  with  diminishing  quantities  of  hot  water  ; and,  after 
tho  water  has  be«‘n  separated  as  completely  as  possible  by  decantation,  the  oily  base  is 
distilb*d  in  h slow  str<*nm  of  hydrogen,  the  tempeniture  being  kept  low  at  first  to  evap- 
orate the  water,  ami  the  luise  afterwanls  distilled  off  between  140®  and  150®;  this 
temp4-raturo  should  be  kept  up  ns  long  as  possible,  since  the  base  docoro(x>sc«  at 
higher  temperaturt's. 

Tho  base  thus  obtained  is  a colourless  oilv  liquid,  which,  on  exposure  to  the  air, 
bo  *(  mes  yellow  at  first,  and  afterwards  red.  it  boils  between  140®  and  150®,  and  dis- 
solves spiiringly  in  tra^<T,  readily  in  alcohol  and  cM-r. 

The  salts  are  very  unstable,  all  of  them,  excepting  the  chloropUtinate,  decomposing 
spontaneously  on  exposure  to  tho  air  either  in  aqueous  or  alcoholic  solution.  The 
hydroehlorate  crystallises  In  shiuing  laminm  having  a slight  tinge  of  red.  Tho  chloro^ 
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filaiinate,  2C‘*n'*NClPl*’Cl*,  separates  on  mixing  the  alcoholic  hvdrochlorate  with  a 
moderately  strong  and  neutr^  alcoholic  solution  of  pUtinic  chloride,  as  a dark  yellow, 
bulky,  flocculent  precipitate,  permanent  in  the  air,  and  crystallising  from  alcohol  of 
75 — go  per  cent,  by  evaporation  over  oil  of  vitriol,  in  brown  glassy  crystals  belong- 
ing to  the  regular  system. 

An  alcoholic  solution  of  the  free  base  mixed  with  alcoholic  pJatinic  chloride,  forms  a 
bulky  precipitate  of  the  compound  C**II"N*PtCK  Analc^us  compounds  are  obtained 
with  vurcuric  chloride  and  silver-nitrat*’. 

The  base  C“IP*X  above  described  is  usually  regarded  as  taiphenylamine,  but  it  has 
not  been  shown  to  yield  by  decomposit  ion  any  compound  of  phenyl,  or  any  of  the  usual 
products  of  decomposition  of  phenyl-compounds;  and  the  mode  of  its  formation  seems 
rather  to  show  that  it  is  dicinnamylaroine,  (C*H’)*HN.  With  iodide  of  ethyl,  it 
yields  the  compound  C«H**NI  = (C"H“XC'H*)»NI  or  (C“H»XC»HO’HNI  (see  phenyl- 
ammonium). 

TolTlanillset  Senxylantltn6f  PhenjUtolylunine  or  Pbenyl-bensyl- 

C-HM 

amine.  C‘*H**N  (Hofmann,  Ann.  Ch.Pharm.cxxxu.  292.) — Produced 

H ^ 

by  the  dry  distillation  of  a salt  of  tritolyl-rosuniline  (toluidine-blne)  In  the  same  manner 
Hs  di phenylamino  is  produced  from  triphenyl-rosnniline  (p.  463).  To  prepare  it,  a 
solution  of  crystallised  acetate  of  rosnnilino  in  tw'ieo  its  weight  of  toluidino  (bcnn’l- 
amine)  is  boiled  for  some  hours  in  a flask  having  a vertical  condensing  tuba  ; the  blue 
miiss  is  then  distilled,  and  the  distillate  mixed  with  hydrochloric  acid  and  then  with 
water,  whereby  aniline  and  toluidino  and  other  bases  accompanying  the  phenyltolyl- 
amine  are  dissolved  as  hydrochlorates,  while  the  phenyl-tolylamme  remains  os  an  oily 
layer,  which  usually  solidifies  or  may  easily  be  purified  by  rectification.  The  resulting 
crystals  are  finally  recrystallised  fhjm  alcohol 

Phenyl-tolylamine  melts  at  87®  and  boils  834*6  (corrected).  It  is  much  leas  soluble 
than  diphenylamine.  Nitric  acid  converts  it  into  a blue  substance  scarcely  distinguish- 
able fxom  that  produced  in  like  manner  from  diphenylamine.  It  unites  with  acids 
forming  loosely  combined  componnd.s  which  are  easily  decomposed  by  contact  with  water, 
by  heat,  or  even  by  evaporation  in  a vacuum.  The  hydrochloraie,  C'*H’*N.HCI, 
obtained  by  adding  concentrated  hydrochloric  acid  to  a concentrated  alcoholic  solution 
of  the  base,  crystallises  in  laminee. 

Phenyltolylamine  fused  with  mercuric  chloride,  forms  a dark-coloured  mass  which 
di  solves  in  alcohol  with  splendid  violet-blue  colour,  and  probably  consists  of 
d i p h eny  1- r 0 8 an i line,  C"H*'(C*H*)’N*. 

I^enyl-tolylamine  heated  with  chloride  of  hemoyl,  forms  phenyl-tolyl-bent- 
amide)  (C-H*)(C’H»)(C*H‘0)*N. 

Vtnyl-^nlllne.  C*H*N  = (C*H*)(C*H*)HN?  Acetyl-aniline, — A base  obtained 
together  with  other  products,  by  the  action  of  chloride  of  ethylene  on  aniline 
(Natanson,  Ann.  Ch.  Pharm.  xcviii.  297).  It  is  probably  identical  with  ethylcne- 
phonylamine,  (C*H*)*'(C’H*)N  (see  page  466,  foot-note). 


b.  Pbenyl-dlamtnes. 


These  are  diatomic  ammonias  having  2 at.  hydrogen  replaced  by  phenyl,  and  2 or  3 
other  hydrogen  atoms  by  a di-  or  tri-atomic  radicle. 

Hofmann  (Proc.  Roy.  Soc.  ix.  277 ; x.  104),  by  acting  upon  aniline  with  dibromide 
of  ethylene,  obtained  ethylene-diphcnyldiamine  and  diethylene-diphenyl- 
diamine,  according  to  the  equations : 

2(C*H».H».N)  + C»H*Br»  - (C=H«)"(C»H»)»H*IP  + 2HBr. 


2(C*H‘.H*.N)  + 2C»H^Br*  « (C’H*)»(C*H*)*N*  -t  4HBr; 


and  Schiff  (Ann.  Ch.  Pharm.  Suppl  iil  343),  by  treating  aniline  with  acetic  aldehyde 
(oxide  of  ethylidene),  has  obtained  two  compounds  of  the  same  composition  as  the  pre- 
ceding, but  difTering  from  them  in  physical  properties,  and  related  to  them  in  the  same 
manner  as  aldehyde  to  oxide  of  ethylene,  and  ac<-tal  to  diethylate  of  ethylene,  that  is 
to  say,  containing  ethylidene  (il  698)  instead  of  ethylene.  Their  formation  may  be 
represented  by  equations  exactly  similar  to  the  preceding,  substituting  O for  Br*. 

Com(X>unds  an^ogous  to  the  second  of  these  bases  are  likewise  obtained  by  treating 
aniline  with  valerianic,  cenauthylic,  benzoic,  and  other  aldehydes,  the  general  equation 
of  their  formation  being : 


+ 2(>n**0 


(CMI*")’; 
(0*11*)*  , 


+ 2H»0. 
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A phoDjl'diatnmo  contuining  a triatomic  rcidiclc,  viz.  formyl-diphpDyl-diamino, 
(CH)'*(.C*H*)*11N*,  U produced  by  the  action  of  chloroform  on  jinilme  (Uofniunn, 
Proc.  ^y.  Soc.  iz.  230),  thus: 

2(CH*.H*N)  + CnCl»  - (C1I)"'(C«H*)»IIN«  + 3HCI. 

Ories8(Ann.  Ch.  Pharm.  cxxl  267;  Jahrcsb.  18C2,  p.  337),  by  passing  nitrous 
acid  into  an  alcoholic  solution  of  aniline,  has  obtained  azodiphenyldiamine, 

« N"  >N*;  and  similar  compounds  are  obtained  by  the  action  of  nitrous 

H i 

acid  on  alcoholic  solutions  of  bromaniline,  chloranilino,  and  nitraniline. 

Lastly,  melaniline,  maybe  regarded  as  cyano-diphenyl-diuminc, 

CS  ) 

(C*H*)*>N*,  and  the  base  produced  by  the  action  of  tetrachloride  of  carbon 

H»  i 

CN  ■) 

on  aniline,  as  cyano-triphenyl-diamine, 


1.  Elhyiene-compounds. 

Btbjlene-diplieiiyl-dUtmlBe.  « (C^H*)"(C*H*)’H»N'.— This  com- 

pound is  obtained  by  treating  bromide  of  ethylene  with  a large  excess  of  aniline  (1  vol. 
of  the  former  to  4 vol.  of  the  latter).  The  mixture  rapidly  solidifies  to  a crystalline  mass, 
from  which  water  removes  a considerable  quantity  of  bydrochlonito  of  aniline,  leaving  n 
brown  resinous  substance,  which  gnvduully  but  imperfrctly  solidifies.  This  substance 
forms  a hydrochloruto  which  dissolves  but  sparingly  in  strong  hydrochloric  acid,  and  may 
be  readily  purified  by  repeated  crystallisation  from  boiling  alcohol.  On  mixing  the 
aqueous  solution  of  this  pure  hydrochloraU'  with  potash  or  ammonia,  ethylene-dipbenyU 
diamine  separates  as  an  oil  which  quickly  solidifies  to  a crystalliuo  mass  and  may  bo 
purified  by  repeated  crystallisation  from  dilute  alcohol. 

Klliylene-diphenyl-diamioe  is  very  soluble  in  aicohol  and  ethrr.  It  melts  at 
With  kydrf>cldoric  acid  it  fi>rnis  the  hydrochlonite,  2HC1,  or  chloride  of 

ethylene-diphonyl-diammomum,  (C’H*)"(_C*H*)*1PN*.CI*,  which  when  treated  with 
platinic  chloride  yields  the  chloroplatinate,  (C*ll*)’'(C*H*)*IPN*CP.Pl*’’Cl*. 

Dibromide  of  ethylene  ia  presence  of  alcohol,  converts  it  into  dictbylene-diphcnyl- 
diamine : ^ 

(C^H«)"(C*H‘)»H»N*  + C*H*Br*  - (C^H<)»(C*H*)*N*  + 2HKr. 

Ethylene-diphenyl-diethyl-diaminf,  C'*H*'N*  =>  (C*H*)''(C*H*)*(C'H»)»N* 
is  obtained,  in  combination  with  hydriodic  acid,  by  digesting  ethyb  ne-diphcnyl-diamine 
with  iodide  of  ethyl  for  some  hours  at  100°.  The  hydriodate,  or  iixlide 

of  ethyloDO-diphenyl-diethyl-diaminonium,  — (C*H*)"(C*H*)^C*11*)*H*N*,I*, 

then  separates  in  well-defined  prisms  sparingly  soluble  in  water,  more  soluble  in  alcohol. 
When  treated  with  potash  it  yields  the  free  base.  C'*H**N*,  which  is  also  crystalline  and 
melts  at  70®.  The  chloroplatinate^  C**H*NH)l*.Pt‘’Cl*,  crystallises  in  needles. 

IMetbylene-dlphenjl-dlamlne.  = (C*H‘)*(C*H')*N^ — This  base  is 

produced,  as  already  observed,  by  the  action  of  bromide  of  ethylene  on  ethylcne- 
diphenyl-diamine;  also,  together  with  two  others  having  the  same  percentage  compoHition, 
W heating  1 vol.  bromide  of  ethylene  with  2 vol.  aniline.  It  was  at  first  regardetl  by 
Hofmann  as  ethyUne-phniylomine^  (C*H*)"(C*H*)N,  but  its  deportment  with  the  iodidt>s 
of  methyl  and  ethyl  (p.  456)  show  it  to  bo  a diamine.  It  is  polymeric,  or  mctapolymcric, 
with  the  base  c^IchI  vinyl-phcnylamine,  which  Nalanson  obtained  by  the  action  of 
dicblorido  of  ethylene  on  aniline,  and  vrxXh.  phtfuilidine^  (C'*H^)H*N  (?),  which  l)us;irt 
found  among  the  products  of  decomposition  of  nitronapbtbalece. 

Preparation. — A mixture  of  1 vol.  bromide  of  ethylcuo  and  2 vo!.  aniline  czpo^^e^l  to 
the  heat  of  boiling  water  for  an  hour  or  two,  solidifies  to  a crystalline  mass  consisting 
of  hydrobromate  of  aniline,  together  with  three  other  bases,  partly  free,  partly  as  hy- 
drobromates.  These  bases  are  separate<l  by  their  different  depves  of  solulililyin  nh'ohol, 
the  first  being  extremely,  the  second  but  slightly  soluble,  and  the  third  insoluble.  To 
effect  the  separation,  the  solid  mas.s  is  distilled  with  water  to  remove  unaltered  aniline 
and  bromide  of  ethylene,  and  the  residue  is  mixed  with  strong  caustic  potash,  which  s<‘ts 
free  the  portion  of  the  biLses  combined  with  hydrobromic  acid,  in  the  form  of  a s»'misolid 
resin.  This  is  washed  with  water  and  redistilltnl  with  water,  wliereby  an  additiun.'il 
quantity  of  unaltered  aniline  is  expelltKl,  and  the  residuary  mass  is  treated  with  boil- 
ing spirit  (methylated).  The  insolublo  base  is  then  left  as  a white  powder,  while  tho 
other  two  dissolve  in  the  spirit,  and  the  solution  on  cooling  deposits  crystals  of  the  less 
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Boluble  baeo,  which  i«  diethylene-diphenyl-diamine,  and  constitutes  by  far  the 
lai^eat  p'lrt  of  the  product,  while  tlie  more  soluble  base  remains  in  solution.*  The 
ditihylene-diphenyl-diamine  may  be  purified  by  two  or  throe  crystallisations  from 
alcohol. 

Pntprrtics. — Biethylene-diphenyl-diamino  crystallises  in  snow-white  nacreous 
needles,  tasteless,  inodorous,  insoluble  in  ttaUr,  soluble  in  boilinpf,  less  soluble  in  cold 
alcohol,  soluble  in  ether  ; the  solutions  are  neutral  to  vegetable  colours.  It  melts  at 
148°,  and  begins  to  boil  and  distil  at  300°,  tho  greater  part  undergoing  decomposition 
and  yielding  considerable  quantities  of  aniline,  together  with  other  products  not 
examined. 

The  base  dissolves  easily  in  hydrochloric,  stdphuric,  and  nitric  acid,  e.«pecially  on 
gently  heating  tho  liquids,  which  on  cooling  deposit  well  crystallised  salts.  The 
nydrochlorate,  C'*H**N*.2HC1  or  C'*H*®N*CP,  forms  yellow  precipitates  with  owrtc  and 
j^atinic  chlorides,  tile  latter  containing  C’*H“N*Cl*i*t‘*ClV 

The  bjise  is  not  acted  upon  in  any  way  by  bromide  of  ethylene,  even  after  prolonged 
contact  at  100^ — 150°;  but  when  healed  for  some  time  to  100°  with  the  iodides  of 
methf^l  and  eth^l,  it  unites  directly  with  them,  yielding  tho  compounds  C**H**N*.CH*I 
and 

The  methyl‘Compound,  when  freed  from  excess  of  methylic  iodide  by  distillation  with 
water,  then  washed  with  cold  water  and  repeatedly  ciystallised  from  boiling  water — 
mixed  in  the  latter  stages  'with  a small  quantity  of  spirit— U a ciystalline  yellowish 
compound  which  may  be  dried  at  100°  without  dt'Composition.  Oxide  of  silver  con- 
verts it  into  a powoifully  alkaline  liquid  resembling  the  solution  of  hydrate  of  totrcthyl- 
ammooium,  and  yielding  with  hydrochloric  acid  and  platinic  chloride,  a pale  yellow 
amorphous  ^atinum~8alt  containing  2(C'*H‘*N*.GH*Cl).Pt'*Cl*. 

Tho  ethyl-compound,  is  obtaimxl  in  like  manner,  but  requires  longer 

digestion.  It  crystallises  in  yellowish-white  needles  which  molt  at  100°  to  a yedlow  oil. 
It  is  also  decomposed  by  oxide  of  silver,  yielding  a strongly  alkaline  solution  wliich 
forms  with  hydrochloric  acid  and  platinic  chloride  tho  compound  2(C’*H‘*N*.C’JIHJ1). 
rt'-Cl*. 

2.  Ethylidene-cotnpounds. 

By  the  action  ofaceticaldehydeon  aniline,  two  bases  are  formed  isomeric  with  the  efhy- 
leno  bases  just  described.  At  ordinary  tempemtures  the  action  takes  place  with  great 
violence,  water  being  separated  and  a thick  brown  liquid  formed.  But  if  the  two  liquids 
before  mixing  are  cooled  by  a mixture  of  ico  and  salt,  and  Iho  aniline  is  kept  in  exet^ss, 
a more  moderate,  though  still  very  rapid  action  takes  place,  and  the  resulting  mass  luis 
only  a slight  yellow  colour.  This  product  enclosed  in  a sealed  tube  and  left  to  itself 
for  some  weeks,  assumes  a red  colour  which  becomes  darker  on  finally  heating  it  to 
100°  for  a few  hours.  On  opening  the  tube,  the  water  formed  during  the  reaction  (p.  4541 
is  easily  decanted  from  the  thick  liquid,  and  the  latter,  after  being  freed  from  excess  of 
aniline  by  dilute  acetic  acid,  may  be  further  purified  by  washing  it  several  times  with 
water,  dehydrating  it  in  the  fused  state  with  chloride  of  calcium,  then  dissolving  it  in 
a considerable  quantity  of  ether-alcohol  to  separate  certain  flocculent  impurities,  evap- 
orating the  solution  in  a retort,  and  drjdng  the  re.sidue  for  some  time  between  100° 
and  1 10°.f  The  product  thus  obtained  is  a shining,  ropy,  slightly  violet-coloured  mass 
containing  ethylidene  - and  diethylidene-diphenyl-diamine,  which  may  be 
separated  by  boiling  alcohol,  the  latter  dissolving  easily  and  abundantly  therein,  while 
the  greater  part  of  the  former  remains  uodissolved  and  tho  rest  separates  from  tho 
alcoholic  solution  on  cooling. 

Stbylldene-dipbenylHUamliie*  is  obtained  by 

repeated  ciystallisation  from  hut  alcohol  in  spherical  groups  of  crystals  always  having 
a faint  yellow  colour;  in  the  perfectly  pure  state,  it  would  probably  bo  colourless.  When 
exposed  to  light  and  air  it  gr.Mlually  turns  reddish.  It  does  not  unite  with  the  weaker 
acids,  but  readily  with  th«>  stronger  acids.  The  stdphaie,  nitrate,  and  hydrochlorate  are 
80  extremely  soluble,  even  in  alcohol,  that  they  cannot  be  made  to  ciystalHse.  The  base 
deliquesces  in  hydrochloric  acid  gas.  Tho  acid  solution  of  the  hydrochlorate  is  pre- 
cipitated by  several  metallic  salts.  With  mercuric  chloride  it  forms  a yellow  floccu- 
Icnt  crystaUine  precipitate  of  tho  chloromcrcurate,  2(C'*H'*N*.HCl)Hg’'Cl*,  which  is 

* The  more  soluble  nod  the  Incolnble  base  have  the  tame  percentage  composition  as  diethylene- 
tllpheiiyUdlAmine.  biit  their  rational  formul*  hare  not  been  determium.  It  is  prottable.  bowerer,  that 
the  former  isetbylene-phenylanilne,  and  the  latter  ttielbylenc- 

t r i pb  e ny  1 1 r ia  m Ine,  s The  former  is  probably  also  identical  with 

NMianson’s  rInyl-phenyUmine  (p.  4.^4). 

f The  t.'iine  method  s*-rves  Tnr  the  piirinratiot)  oflbc  producta  obtained  by  (he  aclioD  of  other  alde- 
hyde s upon  aniline,  to  Ik*  denrtbed  lurthcr  ou. 
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insoluble  in  water,  but  dissolves  in  alcohol  containing  hydrochloric  acid,  forming  a 
solution  from  which  sulphydric  acid  throws  down  very  finely  dividKl  mercuric  sulphide. 
At  130°  it  turns  red,  In^gins  to  fuse,  and  rives  off  a large  quantity  of  hydrocnlorio 
acid,  leaving  the  compound  2C'^H**N*.IIg'’Cr. 

The  chlonypiatinatr,  2(C‘*H‘*N*.HCl).Pt‘’Cl*,  is  a yellowish-red  crystalline  precipitate 
insoluble  in  water,  slightly  soluble  in  ulcohoL 

l>leUi7lUlene-<Uplienyl-<liamlae.  C'*H'*N*  — — This  base 

remains  on  evaporating  the  alcoholic  solution  abovi  mentioned,  m a red  resinous  mass, 
and  may  be  obtained  by  repented  solution  in  alcohol,  and  repeated  precipitation  from 
acid  solution,  in  solid  but  not  in  crystalline  form.  It  may  also  be  prepared  by  the 
action  of  aniline  on  oxychloride  of  etbylideno  (ii.  699) : 

(C»k‘)'ClK)  + 4C*H’N  = (C>H')>(C‘H‘)'N>  + 2{C*H’N.HC1)  + HK). 

It  differs  from  the  monoethylidenated  base  in  its  inferior  tendeocy.to  crystalliso,  but 
resembles  it  very  closely  in  solubility  end  in  its  behaviour  with  acids.  Its  solution  in 
hydrochloric  acid  gives  with  p/aiinicchioridr,&n  orange-colomtHl  crystalline  precipitate 
consisiing  of  2(C‘*H'*NMICl)Pt'’’Cl*,  and  with  mercuric  chloride  a yellowish  flocculent 
precipitate  of  the  compound  2C'*H'"NMIg'’Cl*. 

Poth  the  ethylideue  bases  unito  with  iodide  of  fihyl,  forming  compounds  probably 
similar  in  constitution  to  the  ethylene-compounds  already  mentioned  (p.  456).  On  heat- 
ing 1 at.  of  the  dicthylideiie-base  with  2 at.  ethylic  iodide,  a considerable  portion  of 
the  latter  remains  uncombined,  but  the  resulting  compound  does  not  crystallise  well, 
and  has  not  been  analysed. 

3.  rhenyUdiaminet  containing  other  Ald^hyde^radicltt. 

aManyUdeBe-diphcnylHlIamlnc.  — Produced  by  treat- 

ing aniline  with  acrolein.  The  action  is  Tery  violent  and  requires  to  bo  moderated 
by  a freezing  mixture.  The  pungent  odour  of  the  acrolein  is  instantly  destroyed,*  and 
the  product,  treated  by  the  method  of  purification  above  described  (p.  466),  yields  the 
diamine  in  the  form  of  a yellow  inodorous  mass,  which  dries  up  to  a varnish,  and  if  it 
still  retains  a slight  excess  of  aniline,  asaumes  a fine  red  colour  when  djy.  It  is 
insoluble  in  water,  slightly  soluble  in  alcohol  Ita  salts  have  not  been  obtained  in  the 
crystalline  state.  The  hydrochloric  acid  solution  mixed  with  alcohol  yields  pulverulent 
precipitates  with  mercuric  and  platlnic  chloride.  Tiheplatimim-eaU  gave  by  analysis 
21*24  and  21*36  per  cent  platinum,  the  formula  2(C‘*H'”NMlCl)PtCP,  requiring  21*2 
per  cent. 

Biamylldene-diplienyl-dlBininfl.  *■  (^H*)*  |N*“P*^“cedbythe 

action  of  valeraldehyde  on  aniline.  The  action  is  much  less  energetic  than  with  acetic 
aldehyde;  nevertheless  it  is  attended  with  considerable  rise  of  temperature  and  im- 
miKliate  separation  of  water.  The  product  purified  as  above  is  a thick  yellow  oil  having 
a bitter  taste,  insoluble  in  water,  easily  soluble  in  alcohol  and  etlier.  It  does  not  unite 
with  acids  ; the  alcoholic  solution  mixed  with  hydrochloric  acid  and  platinic  chloride 
and  evaporated,  does  not  yield  any  platinum-salt.  Heate<l  with  iodide  and  bromide  of 
ethyl,  it  yields  compounds  having  the  consistence  of  turpentine. 

Alt(^elher  this  and  the  following  compounds  differ  considerably  in  their  properties 
from  the  ethylidene-diamines,  occupying  indet*d  an  intermediate  place  between  basic 
amines  and  acid  amides,  and  perliaps  approaching  more  nearly  to  the  latter.  Never- 
theWs  their  relation  to  the  ethylidene  bases  and  their  capability  of  uniting  with  the 
iodidi-s  uf  ethyl  and  methyl,  make  it  more  convenient  to  regard  them  as  amines. 

SHbeamyltdaneHllpbeayl-dSamlne.  C“H”N*  *=  — This  compound 

was  discovered  by  Laurent  and  Gerhardt  (Compt.  chim.  1850,  p.  117).  who  calltxl 
it  bensoylanilidr,  and  assigned  to  it  the  formula  It  is  produced  by  the 

action  of  aniline  on  bitt-er  almond  oil  The  two  Ixnlies  act  upon  one  another  at  ordi- 
nary temp<  ratures,  with  separation  of  water,  and  the  reaction  may  be  completed  l>y 
heating  the  mixture  to  100°  f*»r  a few  hours.  The  product  is  a crystalline  m.'isswbicb 
may  be  purifie<l  by  refl  ated  crystallisation  from  hot  alcohol  or  from  alcohol  and  ether. 
It  then  forms  ciy’htolline  plates,  according  to  Laur<*nt  and  Gerhardt;  Schiff,  however, 
obtained  it  only  us  a yellow  crystalline  mass.  Laurent  and  Gerhardt  found  that  it 

• A rr  «rir.<itor  mniitencit  vith  m qnantitr  of  xr.iline  affords  a very  good  protection  sgainst  Ibe 

ln(KO*eSy  iriluiing  vapours  uf  acrulctn.  (Sc  h Uf.) 
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could  bo  distilled  witboot  decomposition  and  was  thus  obtained  quite  colourleos;  but 
according  to  Schiff  it  is  in  great  port  decomposed  by  distillation. 

Benzoin^  heated  with  aniline  to  100®,  yields,  with  separation  of  water,  a 

product  which  appears  to  be  identical  with  that  obtained  with  bitter  almond  oil,  but 
crystallises  more  readily  from  ether.  (Scbi  ff.) 

Dibenzylidene-dipbenybdiamine  is  tMteless  and  inodorous,  Tory  fusible,  insoluble  in 
water,  very  soluble  in  alcohol  and  in  ether.  It  dissolees  in  hot  strong  hydrochU>rtc 
eicid,  and  does  not  appear  to  be  decomposed  by  boiling  the  solution ; but  is  separated 
in  its  ori^nal  state  on  addition  of  ammonia.  It  is  not  dissolved  by  acttic  acid.  By 
boiling  with  strong  tit^rfc  or  sulphuric  add,  it  is  resolved  into  bitter  almond  oil  and 
aniline.  Bromine  passed  into  the  alcoholic  solution  throws  down  crystalline  tribroni- 
aniline  (Laurent  and  Oerhardt).  It  does  not  form  a chloroplatinate.  It  unites, 
but  slowly,  with  iodide  of  ethyl.  When  1 at.  of  the  diamino  and  2 at.  iodide  of  ethyl 
are  heated  together  for  two  days  in  a sealed  tube,  a considerable  portion  of  the  latti-r 
remains  undeeomposed.  According  to  Borodine  (Ann.  Ch.  Pbarm.  cxi.  254),  l>en« 
Eoyl-anilido,  C’U'^N,  unites  with  1 at.  etbylic  iodide,  and  the  compound  boiled  with 
potash  yields  an  alkaline  moss  which  decomposes  by  distillation,  yielding  a strongly  al> 
kaline  liquid.  According  to  Schiff,  however,  the  alkaline  mass  thus  obtained  is  nothing 
but  a mixture  of  the  original  substance  with  aniline,  which  passes  over  on  distillation. 

The  diamine  when  exposed  to  the  air,  especially  if  moist,  assumes  a blue-greon 
colour,  and  is  ultimately  converted  into  a coloured  amorphous  mass.  A blue  colour  is 
also  produced  by  heating  its  alcoholic  solution  with  nitric  acid  or  with  merctunc  or 
platinic  chloride,  also  by  heating  it  in  scoIckI  tubes  with  ummoni&  As  the  diamino 
contains  the  radicles  phenyl  and  bonzylidene,  the  blue  substance  produced  in  these  re- 
actions is  probably  related  to  the  aniline  dyes  (sec  Ai’PENUIX  to  PHBXYijLMiy>;s). 

The  neutral  diamine  obtained  either  by  the  action  of  bitter  almond  oil  or  of  benzoin 
upon  aniline,  undergoes  a remarkable  change  when  kept  for  some  months  in  scal<‘d 
tubes  at  ordinary  temperatures,  or  heated  for  about  ten  hours  to  180®  and  at  lust  to 
200®.  It  is  then  converted  without  change  of  composiiion  into  a basic  substance  capa- 
ble of  forming  salts  with  acids.  The  basic  modification  is  a brown  glassy  substance 
much  more  soluble  in  alcohol  than  the  original  body,  less  crystallisuble,  and  in  contact 
with  acids,  immediately  acquires  a deep  colour.  Its  salts  are  sparingly  soliibhf  in 
water,  easily  in  alcohol.  The  hydrochlorate  gives  precipitates  with  mercuric  and  pla- 
tinic  chloride.  The  platinum-salt  contains  17'6  per  cent,  platinum,  agreeing  with 
the  formula  2(C“H*'N*.HCI)PtCl\  which  requires  17‘6  per  cent 

This  basic  diamine  is  related  to  the  original  compound  in  the  same  manner  as 
the  ethylcne-bascs  to  the  ethylideno  bases  al>0Te  described,  or  as  amarine  to  bydro- 
benzamide;  it  may  therefore^  called  dibenzyleno- or  ditoluylene-diphenyl- 
diamine.  (Schiff.) 

Bentylidene-diethyl-diphenyl-di  amine.  C*’H**N*  — (C’II")"(C*H*)* 

(C*H*)*N*. — Produced  by  the  action  of  bitter  almond  oil  on  ethyl-aniline,  generally  in 
the  form  of  a resin,  which  may  be  obtained  in  solid  form  by  repeated  separation  from 
its  metallic  compounds  It  is  insoluble  in  water,  sparingly  soluble  in  alcoliul,  moro 
soluble  in  ether.  It  does  not  form  definite  salts  with  acid^  but  its  solution  in  hydro- 
chloric acid  gives  a white  precipitate  with  mercuric  chloride,  and  yellow  with 
platinic  chloride,  the  latter  containing  18  4 per  cent,  platinum,  while  the  formula 
2(C*»H«N».HC1)RC1*  quires  18*6  per  cent. 

This  ethylated  dii^niioe  shows  a still  greater  tendency  than  the  dibenzylideno  com- 
pound to  form  a blue  compound  by  oxidation.  The  somewhat  concentrated  alcoholic 
solution  is  dork  red  by  transmitted  and  dark  blue  by  refiected  light. 


PUie|»<yimeneHllpheeyl«dtanii  ne> 


C“n“N»  = Aniline  and 


cenanthol  act  on  one  another  at  ordinary  temperatures,  prodneinga  rise  of  temperature 
of  40® — 60®.  The  product  purified  as  above  is  a yellow,  bitter,  oily  liquid  which  may 
be  partially  distilW  without  decomposition.  It  is  not  basic,  not  even  forming  a 
chloroplatinate.  Nitric  acid  attacks  it  violently,  forming  a brown  resin.  Sulphuric 
acid  quickly  decomposes  it,  especially  when  heated,  into  oenanthol  and  sulphate  of 
aniline.  It  unites  with  alcoholic  iodides.  When  heated  for  some  hours  to  100®  in  a 
sealed  tube  with  excess  of  amylic  iodide,  it  yields  a yellow  riscous  body  containing 
2T8  per  cent,  iodine,  the  formula  C**H"N’.C*H'*I  requiring  22  05  p<T  cent, 

(C'll'*)") 

Heptylidene-diallyl-diphenyl-diamine.  C**H”N*  — (C*1P‘ 

(C*H*; 

duced  by  the  action  of  oDnanthol  on  allylauiliue : 


-TUU 

[!■<)") 

fl*)»  >N*— Pro- 
!»)•  ) 


+ C’II"0 


(C’ll")"] 


+ U=0. 
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It  is  a jellow  oily  liquid  having  a bitter  taste  and  a Tory  strong  odour  of  geraniums. 
It  dissoUes  in  strong  sulphuric  acid,  and  on  addition  of  water,  part  of  it  separates 
unaltered,  while  the  rest  is  decomposed,  yielding  cenanthol.  It  has  no  basic-  properties. 

Heptylidene^diethtfl-diphenyl-diamine,  C**H**N*  — (C*H*)*  vN*. — 

(CW)^  i 

Produced  by  the  action  of  cenanthol  on  ethylanilioe.  It  is  a yellow  oil  which  turns 
brown  when  heated,  and  distils,  with  some  decomposition,  between  215*^  and  220°.  It 
does  not  unite,  either  with  acids  or  with  chlorides. 

Action  of  Aniline  on  Cinnamic,  Cuminic,  and  Salicylic  Aldehydes. — Aniline  acts  on 
cinnamic  and  cuminic  nldehydrs  in  the  same  manner  as  on  those  nbore  mentioned, 
forming  diamines  which  have  no  basic  properties  and  do  not  combine  with  platinic 
chloride.  The  cinnamic  compound  is  resinous  ; the  cuminic  con^und  is  a thick  oU. 
The  resinous  residue  left  in  the  distillation  of  cumin-oil  is  not  affected  by  aniline. 

Aniline  likewise  unites  in  a similar  manner  on  salicylic  aldehyde  (s^icyloun  acid), 
as  obseiTcd  some  time  ago  by  Schischkoff  (Compt.  rend.  xIt.  272).  The  produ^ 
is  crystalline,  and  consists  of  diphenyl-salicyl-diamide  or  salicylanilide, 
C**H”N*0*,  a compound  polymeric  with  phenyl-benzamido  C’*H”NO.  Its  forma- 
tion is  represented  by  the  equation : 2C^H*0  -i-  2C*II^N  = | N*  + 2H*0. 

4.  Formyl-compound. 

VormyMlplianTl-diamine.  C**H’*N*  » (CH)">N* — (Hofmann, Proc. Roy. 

H J 

8oc.  ix.  229.) — This  compound  is  formed  by  the  action  of  chloroform  on  aniline : 
4C*H'N  + CHCl*  - C»H'*N’.Ha  + 2(C*H^N.Ha). 

Chloroform  and  aniline  do  not  act  on  one  another  at  ordinary  temperatures,  and 
scarcely  at  the  beat  of  boiling  water;  but  on  exposing  a mixture  of  the  two  liquids  in 
sealed  tubes  to  180° — 190°  for  ten  or  twelve  hours,  a hard  brown  crystalline  mass  is 
obtained,  coDBisting  chiedy  of  the  hydrocblorates  of  aniline  and  formyl-diphenyl-diumine. 
To  purify  the  latter,  the  brown  crystalline  mixture  is  triturated  with  water  and  washed 
on  a filter,  till  the  precipitate  obtained  by  adding  potash  to  the  wash-water,  which  is 
at  first  oily  and  consists  only  of  aniline,  gradually  exhibits  a tendency  to  solidify  and 
ultimately  falls  as  a yellowish-white  crystalline  substance.  The  residue  on  the  filter 
is  then  to  be  dissolved  in  warm  (not  boiling)  water ; the  solution  is  filtered  from  a brown 
resinous  substance,  and  precipitated  by  ammonia  or  potash ; and  the  crystalline  procipi- 
tate  thus  obtained  is  washed  till  free  from  alkali,  ana  repeatedly  crystallised  from  weak 
spirit. 

Foroiyl-diphenvbdiamine  forms  a white  crystalline  powder,  or  sometimes  minute 
scales,  generally  of  a yellowish  tint,  arising  from  a trace  of  a yellow  substance  formed 
during  the  reaction,  which  adheres  to  it  with  great  tenacity.  It  is  insoluble  in  water, 
but  dissolves  readily  in  alcohol  and  ethers  and  is  precipitated  from  hot  solutions  bj 
water  as  a yellow  oil  which  solidifies  to  a white  crystalline  mass  on  cooling.  It  is 
easily  dissolv(‘d  by  acids,  with  many  of  which  it  forms  crystalline  salts.  These  salts 
ore  not  very  stable,  their  solutions,  especially  when  heated,  being  always  found  to 
contain  more  or  less  aniline.  With  potash  or  ammonia,  they  yield  a precipitate  of  the 
base.  The  contains  ; thecAforty/a/mafr  2(C'*u‘*N*.HCl). 

pta*. 

5.  Aeophcnyl-diamines. 

A.«o^pJienyl-dlaintae.  |n’  - ^ (Griess, 

Ann.  Ch.  Pharm.  exxi.  267  ; Jnhiesb.  1862,  p.  338  ; Pha  Trnna.  1864,  [3],  678.)— Thi.t 
compound,  which  contains  the  elements  of  aniline  aod  azophenylamine  (p.  431),  and  is 
accordingly  regarded  by  Oriessas  diaco-amidobenzene,  C*1PN’.C‘U*(NII*),  is  pn^uced; 
»1.  By  the  direct  action  of  aniline  on  salts  of  azophenylamine,  the  nitrate  for  example. 
— 2.  By  the  action  of  aqueous  aniline-salts  on  the  compound  of  azophenylamine  with 
hydrate  of  potassium  : e.g. 

C«H*N’.KHO  + + KCT  H*0. 

3.  By  the  action  of  nitrous  acid  on  an  alcxiholic  solution  of  aniline: 

2C*irN  + NllO*  « + 2U*0. 
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To  prepare  it  by  the  last  mf*ntioncd  reaction,  nitrous  acid  gas  is  slowly  passed  into 
a cooled  solution  of  aniline  in  6 to  10  pts.  alcohol,  till  a small  portion  of  the  solution 
leaves  on  evaporation  an  oily  residue,  which  solidifies  to  a crystalline  resin,  or  till  this 
residue  begins  to  Ik*  insoluble  in  dilute  acetic  acid.  The  brown-red  alkaline  solution 
contains,  together  with  azodiphenyl-diamine.  variable  quantities  of  phenol,  benzene, 
nitrate  and  nitrite  of  aniline,  and  nitrate  of  azopbenylaminc  (p.  431),  formed  by  the 
further  action  of  the  nitrous  acid  on  the  azodiphenyl-diamine.  On  mixing  the  alcoholic 
solution  with  a large  quantity  of  water,  the  diamine  separates  as  an  oily  mass  which 
afterwards  solidifies,  sometimes  in  yellow  crystals.  It  may  be  freed  from  the  mother- 
liquor  containing  the  other  substances  just  mentioned,  by  pressure  and  washing  with 
cold  water,  and  further  purifi<*d  by  several  recrystallisations  from  hot  alcohol. 

Azodiphenyl-diamine  crystallises  in  golden-yellow  shining  laminae,  or  less  frequently 
in  needles.  It  is  tasteless  and  inodorous,  insoluble  in  water,  sparingly  soluble  in  cold, 
more  soluble  in  hot  alcohol,  and  soluble  in  all  proportions  in  ether.  It  melts  at  91^ 
to  a red-brown  oil,  which  solidifies  again  in  the  crystalline  state  at  60°;  at  a higher 
temperature  it  dtwomposes,  and  if  in  large  quantity,  explodes  violently  at  about  200^. 
It  is  insoluble  in  the  weaker  acids,  and  is  easily  decomposed  by  strong  acids,  with 
evolution  of  nitrogen.  It  is  only  towards  platinic  chloride  and  nitrate  of  silver  that  it 
exhibits  any  basic  character.  The  platinum-aalt,  2(C'*H*‘NMICl).PtCl*,  separates 
on  mixing  the  alcoholic  solution  of  the  base  with  an  acid  solution  of  platinic  chloride, 
in  small  reddish  needles  or  prisms,  nearly  insoluble  in  alcohol,  ether,  and  water, 
easily  deoomposible,  detonating  when  strongly  hejited.  With  nitrate  of  aiioer  the 
diamine  forms  a greenish-yellow  precipitate,  agreeing  approximately  with  the  formula 
C‘"H"N*.KAgO>. 

Azodiphenyl-diamine,  heated  with  strong  hydrochloric  acid,  under  a layer  of  ether,  is 
resolved  into  phenol,  hydrochlorate  of  aniline,  and  free  nitrogen: 

-t-  H*0  + BCl  ^ C*H*0  + -h 

With  bromine  in  ethereal  solution  it  forms  hydrobromato  of  azophonylamine,  which 
se|virate8  out,  and  tribromaniline,  which  remains  ia  the  mother-liquor  and  afterwards 
cry  stallises  in  white  needles : 

C'»n*'N«  -t-  Br*  = C«H*N».HBr  + C«n*Br»N  + 2HBr. 

Bromopicrin  is  also  formed  as  a secondary  product.  When  the  diamine,  dissolved  in  a 
mixture  of  alcohol  and  ether,  is  treated  with  nitric  acid  containing  nitrous  acid,  nitrate 
of  uzophenylamine  is  formed,  and  6eparau>s  in  white  crystals  : 

KHO*  + 2NHO>  « 2(C«H*N*.NHO*)  + 2HH). 

(C«H*Br)» 

Affo-bromodiphenyl-diaminc,  C‘*H*Br*N*  = N"* 

H 

hromohenzene,  C*H*BrN*  C*H*Br(Nn*). — Produced  by  the  action  of  bromaniline 
on  nitnitc  of  azophenylamine  (or  ozobromophenyliimine)  or  of  nitrous  acid  on  an 
alcoholic  solution  of  broroanilin#*,  and  purified  like  the  preceding.  It  exhibits  the 
same  properties  whether  prepared  from  a-  or  /3-bromaniline.  It  forma  yellowish-red 
highly  lustrous  lamime  and  needles,  very  soluble  in  ether,  aJid  melting  at  145°.  In 
other  respects  it  resembles  azodipbenyldiamine.  ’X'ao  platinum-Balt,  C’*li*Br*NMI*(’l* 
IHC’P,  forms  buff-coloured  capillary  crystals,  which  deflagrate  easily  and  are  nearly  in- 
soluble in  water  and  ether,  titrate  of  added  to  the  alcoholic  solution  forms  a 

yellow  precipitate  of  the  salt  C'*H*Br*N’.NAgO*.  (Gricss,  loc.  ciV.) 

(CH’Br»)» 

Azo-dihromodiphenyUdiamine,  C**H’Br*N*  — N"* 

H 

amido-dihrotno-Unzene,  C*H*Br*N*,C*H*Br*(NH*),  is  obtained  in  like  manner  by  the 
action  of  nitrous  acid  on  alcoholic  dibromaniline,  os  a bulky  yellow  precipitate  consist- 
ing of  a network  of  interlaced  microscopic  needles.  It  is  but  verj'  slightly  soluble,  and 
usiuilly  eiystallises  from  alcohol  or  ether  in  small  golden-yellow  noetlles,  melting  at 
167*5^,  sometimes  in  yellow-brown  granules,  or  yellow  or  ruby-red  wcll-tleveloped 
prisms,  which  latter  however  are  converted  by  recrystallisation  into  the  golden-yellow 
needles.  (Griess,  loc.  cit.) 

Azo-chlorodiphenyl-diamine,  « N"'  rN*,  or  2>iViroflWiiWo- 

H ) 

ehloToitcnzrne,  C*II*CIN*.C*H^C1(NH*),  obtainwl  like  the  corresponding  bromine-com- 
pound, forms  yellow  needles  or  lamintc  melting  at  124*5°. 

Azo^dichlorodiphcnyldiamine,  = N"'  oz  Diazoamidch 

II  ) 


lx*,  or  Diazo- 


or  Diazoamido^ 
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dick/oroheneenf,  C*H*Cl*N*.C‘n*Cl*(NII*). — Produced  by  the  action  of  nitrous  acid  on 
alcoholic  dichloraniline,  cryKtalliaca  in  light  sulphur-yellow,  cupillnry  needles,  melt* 
ing  at  126'5°,  insoluble  in  water,  Tory  slightly  soluble  in  hot  alcohol  or  ether.  Like 
the  corresponding  bromine-compound,  it  does  not  form  a platinum-suit,  but  rather  bohayes 
like  an  acid,  being  soluble  without  decomposition  in  caustic  potash.  (Oriess,  loc.  cit.) 

Ago-nitrodiphenul-diamine,  C'*H*N*0*  ■■  N" 

H 

nitrobmzene,  C‘H*(NO*)N*.C*H*(NO*X^^H*]^ — Produced  by  the  action  of  nitrous  acid 
on  an  alcoholic  solution  of  a*  or  ^-uitraniline,*  and  exhibits  corresponding  isomeric 
modifications  The  a-compound  is  insoluble  in  water,  very  sparingly  soluble  in  alcohol 
and  ether,  and  crystallises  from  cither  of  those  solvents  in  ruby-red  or  reddish-yellow 
prisms,  mostly  well-defined.  It  melts  at  195‘5®. 

The  ^-compound  is  precipitated  as  a yellow  crrstalline  mass  consisting  of  an 
aggregate  of  granular  or  moss-like  microscopic  crystals.  It  is  insoluble  iu  water,  very 
sparingly  soluble  in  alcohol  or  ether,  melts  at  224’5'^  to  a reddish-brown  oil,  and 
detonates  at  a higher  temperature.  It  is  almost  wholly  indifferent,  not  forming  a 
compound  even  with  chloride  of  platinum.  With  an  alcoholic  solution  of  eUver-nitraUf 
however,  it  forms  a yellowish-green  amorohous  precipitate.  (Grie8l^  loc.  cit.) 

(C-Hn 

Axo-phenyl-uapbtliylHUamine.  C**H**N'  » ^ -N*.  (Griess,  PhiL 

Trans.  1861,  [3],  679.) — This  compound  contains  the  elements  of  azophenylamino 
an<l  nuphthylamine,  and  is  regarded  by  Griess  as  diacobctizetu-amidonaphthaUnc^ 
C'*H’(NI1*).  It  is  obtained  as  a nitrate  in  the  form  of  a violet  crystallino 
pn'cipitate  by  adding  au  aqueous  solution  of  nitrate  of  azophenylamine  to  an  alcoholic 
solution  of  napbthylamine : 

OH'X’NHO*  + C'"H'X  « C'«H’»N>.NnO*. 

The  nitrate  purified  by  repeated  washings  with  cold  alcohol  and  recrystallisation  from 
hot  alcohol,  forms  well-defined  prisms  of  u magnificent  grass-green  colour  by  transmitted, 
but  ruby-red  by  reflected  ligld.  It  is  almost  insoluble  in  water  and  ether,  but  dissolves 
freely  in  hot  alcohol  and  separdtos  almost  wholly  on  cooling. 

The  nitrate  decomposed  % ammonia  orpoUsh  yields  the  free  base,  which  crystallises 
in  very  brilliant  ruby-red  prisms,  easily  soluble  m alcohol  and  ether,  forming  yellow 
Bolutioos  to  which  acids  impart  a beautiful  viob  t colour.  With  platinic  chloride  it  forms 
a purple-blue  crystalline  precipitate,  and  with  nitrate  of  si/rcr,  a yellow  precipitate 
composed  of  small  fine  nc^es. 

6.  Cyanophenyl-diaminee. 

There  arc  two  derivatives  of  aniline  which  may  bo  classed  under  this  head,  namely 
cyano-diphenyl-diamine,  or  melaniline,  produced  by  the  action  of  chloride  of 
cyanogen  on  aniline,  and  cyano-tri  phenyl -diamine,  by  the  action  of  tetrachloride 
of  carlxm  on  aniline.  The  latter,  however,  is  more  probably  a triamine,  and  will  be 
described  under  that  head  (p.  466). 

C7»no-dlplieskpl-dlamlae  or  Melaniline,  — C*H*CyX.C*iI'N  — 

(Oil*)*)  (OH*)*) 

CN  >N*,  might  also  bo  represented  as  carbo-dipheuyl-diamine,  >N*. 

H*  ) H>  J 

(Hofmann,  Ann.  Ch.  Pharm.  Ixvii.  129;  Ixxiv.  8 and  17.)-“This  compound,  which 
contains  the  elements  of  1 at.  aniline  and  1 at,  cyanophenylamino  (cyanilide),  is 
produced  by  the  action  of  chlorkle  or  bromide  of  cyant^en  on  anhydrous  aniline.  As 
cyanonhcnylamine  is  produced  by  the  action  of  chloride  of  cyanogen  on  aniline  dis- 
solveu  in  anhydrous  ether  (p.  442),  it  is  probable  that,  in  tiio  reaction  now  under 
consideration,  cyanophenylamine  is  alsopr^uccd  in  the  first  instance  and  immediately 
unites  with  a molecule  of  free  aniline  forming  melaniline. 

Pre^ration. — ^Vhcn  gaseous  chloride  of  cyant^en  (obtained  by  the  action  of  chlorine 
on  moist  cyanide  of  mercury)  is  passed  into  aniline,  the  gas  is  absorl)cd,  with  great  rise 
of  temperature,  while  the  liquid  acquires  a darkercolour  and  thickens  toa  cr}'staUincmass. 
This  mass  is  to  be  heated  till  the  crystals  melt,  so  that  it  may  be  completely  saturated 
with  chloride  of  cyanogen  ; the  clear  brownish,  non-crystalline,  resinous  muss,  which  is 
produced  on  cooling  and  consists  of  hydrochlorate  of  melaniline  (together  with  a brown  oil 
iD.soluble  in  hydro^loric  acid,  which  forms  in  greater  quantity  as  the  chloride  of  cyanogen 
is  mure  humid,  and  not  at  all  if  the  gas  has  been  previously  passed  over  chloride  of  cal- 

* See  foot-cote,  p.  445. 


>N*,  or  Piazoamido^ 
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cium),  is  dissolved  in  water,  the  solution  being  accelerated  hy  addition  of  hydrochloric  add 
and  tailing ; the  liquid  filtered  from  the  oil  is  precipitate<t  by  potash  ; and  the  white 
viscid  predpitate,  which  immediately  solidifies  in  the  ciystalline  form  (only  after  some 
time,  however,  if  it  contains  nndccomposed  aniline),  is  washed  with  cold  water,  till  the 
whole  of  the  chloride  of  potassium  is  removed,  and  purified  by  two  crystallisations  from 
a mixture  of  equal  parts  of  alcohol  and  water,  whi^  yields  the  finest  crystals. 

Propertirs. — Melaniline  forms  white,  hard,  easily  friable  laminae  and  broad  needles, 
which  float  on  water,  but  sink  in  the  fused  state,  and  between  120^  and  130^,  melt  into 
a slightly  coloured  oil,  which  solidifies  in  a crystalline  mass  on  cooling.  It  is  inodorous, 
but  has  a bitter  persistent  taste  ; sHgliUy  blues  reddened  litmus,  but  does  not  change 
the  colour  of  turmeric ; it  acquires  a reddish  tint  when  exposed  to  the  air.  It  dissolves 
sparingly  in  cold,  more  easily  in  boiling  water,  and  separates  in  small  scales  on  cooling. 
It  is  easily  soluble  in  alcohoi,  ether,  wood~9pirit,  acetone,  sulphide  of  carbon,  and  oils 
both  fixed  and  volatile. 

Decotupositions, — 1.  Melaniline  begins  to  decompose  between  160®  and  170®,  giring 
off  aniline  and  ammonia. — 2.  CWomie- water  added  in  very  large  excess  to  hydro* 
chlorate  of  melaniline,  completely  precipitates  the  base  in  the  form  of  a resinous  moss 
probably  consisting  of  trichloroinelaniline.  If  the  chlurine-watcr  be  gradually  added, 
till  the  turbidity  thereby  pro<luced  no  longer  di.Hsipp<‘nr8  on  agitation,  the  liquid 
filtered  from  the  rt'sinous  precipitate  cuntams  hydrochlorate  of  dichloromolaniline. 
— 3.  When  bromine  is  added  to  aqueous  hydrochlorate  of  melaniline  in  the  manner 
just  described  with  reference  to  clilorine-wat<T.  the  filtrate  deposits,  on  evapora- 
tion, needles  of  bydrocblorate  of  dibromomelaniline;  and  the  mother-liquor  mixed 
with  a larger  quantity  of  bromine  and  evaporated,  yields  transparent,  yellow,  oily 
drops  which  crystallise  on  cooling,  and  probably  consist  of  tribromomolaniline ; 
Bromine  acting  in  excess  on  hydrochlorute  of  melaniline  forms  a resinous  substance 
still  richer  in  bromine. — 4.  Alcoholic  iodine  added  in  excess  to  hydrochlorate  of 
melaniline,  throws  dowm  nearly  the  whole  as  a black  viscid  mass,  which  when  the 
quantity  of  iodine  is  less,  is  precipitated  in  smaller  amount,  while  undecomposed 
Tiielaniline  remains  in  solution. — 6.  Fuming  nitric  acid  suddenly  mixed  writh  an  equal 
quantity  of  melaniline,  produces  great  heat,  rising  even  to  explosion,  attended  with 
slight  fuming;  and,  when  gradually  added,  produces,  according  to  the  duration  of  the 
action,  orange-yellow  crystals  of  an  alkaloid  with  violet  iridescence,  and  lemon-yellow 
prisms  of  an  acid  which  forms  scarlet  salts  with  alkalis.  Moderately  strong  nitric  add 
added  in  great  excess  or  heated,  likewise  exerts  a decomposing  action. — 6.  Cyanogen 
passed  tlirough  an  alcoholic  solution  of  melaniline,  is  abuixlantly  absorb^;  and 
the  liquid,  if  then  inclosed  in  a bottle,  deposits  dicyunomelaniline,  the  odour  of  cyano- 
gen changing  at  the  same  time  into  that  of  hydrocyanic  acid,  whilo  the  brown  mothe> 
liquor  contains  other  products  of  decomposition. 

Salts  of  Melaniline. — Melaniline  is  but  a weak  base,  and  does  not  predpitate 
ferric  salts.  It  dissolves  in  acids  very  readily  and  with  slight  evolution  of  heat,  and 
neutralises  them  completely.  The  salts  are  colourless  or  slightly  coloured,  mostly 
crystallisable,  and  taste  very  bitter;  with  flrwoo<l,  chloride  of  lime  and  chromic  acid, 
they  do  not  exhibit  the  colouring  produced  by  aniline-solutions.  They  are  precipitated 
by  ammonia  and  more  completely  by  potash  or  soda  (also  by  the  carbonates,  with 
evolution  of  carbonic  acid,  yielding  a white,  quickly  crystallising  precipitate),  but  not 
by  aniline;  neither  does  melaniline  precipitate  the  aniline-salts. 

IT^driodaie  of  Melanitine.  C'*H‘*N*.HI. — Concentrated  hydrioilic  acid  converts 

Tnelnnilino  into  an  oil,  which  sinks  to  the  bottom  and  gradually  solidifies  in  a crystal- 
line mass.  It  decomposes  quickly  on  exposure  to  the  air,  with  liberation  of  iodine. 
From  a solution  in  boiling  water,  it  separates  on  cooling  in  oily  drops  which  afterwards 
solidify.  It  dissolves  also  in  alcohol. 

Hyarohromate  of  Melaniline.  C‘*II'*If*,HBr.— Cry.stallises  from  water  in  stellate 
groups  of  needles  very  soluble  in  water,  less  soluble  in  strong  hydrobromic  acid. 

Hydrochlorate. — The  aqueous  solution  does  not  yield  ciystals  by  spontaneous 
evaporation;  when  dried  over  oil  of  vitriol  or  in  the  water-bath,  it  dries  up  to  a clear, 
slightly  coloured  gum,  which  crystallises  very  slowly.  It  is  the  most  soluble  in  water 
of  all  the  salts  of  melaniline.  A moderately  concentrated  solution  of  this  salt  mixed 
with  trichloride  of  gold  becomes  turbid  after  a while,  and  deposits  fine  golden-yellow 
ne<*dles  of  the  chioroaurate,  C‘*H'’N*.HCl.AuCl*.  With  a concentmted  solution  of  the 
hydrochlorate  an  immediate  precipitate  is  formed.  The  chloroanratc  is  but  slightly 
soluble  in  water.  Platinic  cfilorido  forms  with  hydrochlorate  of  melaniline  a light 
yellow  slightly  crystalline  precipitate  of  ihe  chloroplatinate,  2(C'*ir*NMICl).I*tCl*,  and 
the  filtere<l  liquid  deposits,  after  some  time,  orange-coloured  crj'stals  having  the  same 
com|)osi(ion.  The  platinum-salt  dissolves  in  a small  quantity  of  boiling  water;  it  is 
less  soluble  in  alcohol,  insoluble  in  ether.  Mercuric  chlorittc  forms  in  solutions  of 
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ftniline  a wbitf  precipitato  easOj  soluble  in  hydrochloric  acid,  and  forming  a eolation 
which  depoeite  needloe  by  spontancone  craporation. 

Uydrojiuate. — The  solution  of  meUniline  in  weak  hydrofluoric  acid  jiflds  well 
developed  crystals,  having  a faint  reddish  colour,  somewhat  soluble  in  water,  less 
soluble  in  alcoboL 

HitraU  of  MdanUint.  — C^stallises  on  cooling  from  the  hot 

aqueous  solution  so  completely,  that  the  motberdicjuor  is  but  slightly  clouded  by  potash, 
aind  not  by  ammonia.  The  needles  assume  a faint  reddish  tint  by  exposure  to  the 
air,  but  are  otherwise  permanent.  They  dissolve  also  in  hot  alcoliol,  but  are  ni^ly 
insoluble  in  ether. 

ArgcntO‘nitrate  of  Mflaniline,  2C'*H’*N*.NAgO*,  is  precipitated  immediately  on 
mixing  the  alcoholic  solution  of  melaniline  with  aqueous  nitrate  of  silver,  as  a white 
mass,  which  quickly  agglutinates  to  a resin,  and  must  bo  puriticHi  from  free  melaniline 
by  trituration  with  alcohol ; from  a clear  alcoholic  mixture  of  mtdaniline  and  nitrate  of 
silver,  the  salt  separates  after  a few  hours  in  hard  crystalline  geodes. 

OxalaU  of  Mrlanilinf.  — Melaniline  forms  crystals  w'ith  excess  of 

oxalic  acid.  These  crystals  melt  when  heated,  give  off,  with  violent  ebullition,  equal 
volumes  of  carbonic  oxide  and  carbonic  anhydride,  smelling  strongly  of  antlocyanic 
acid,  yield  a distillate  of  aniline  and  a beautiful  crystalline  sublimate  of  diphenyl- 
carbamide,  and  leave  a clear  viscid  mass,  which  on  cooling  solidifies  to  a resin. 
The  salt  dissolves  sparingly  in  cold  water  or  alcohol,  readily  in  boiling  water  or  alcohol, 
but  is  nearly  insoluble  in  ether. 

The  photphaU  is  very  soluble  in  water  and  cxystallisee  but  slowly. 

The  aidphatf,  2C'*H'’N’.SH*0*,  forms  stellate  groups  of  rhombic  plates,  sparingly 
soluble  in  cold,  freely  in  hot  water ; soluble  also  in  alcohol  and  ether.  Melanihuo 
added  to  tulphaU  of  copper  throws  down  a flocculent  doable  salt. 

DinRouomLAjnLixB.  C'*H*'Br^*.  (Hofmann,  Ann.  Ch.  Fharm.  IxviL  148; 
Chem.  Soc.  Qu.  J.  i.  299.) — An  aqueous  solution  of  hydrochloratc  of  melaniline 
mixed  with  bromine  in  small  portions,  till  the  turbidity  begins  to  be  permanent, 
yields,  when  filtered,  evaporated,  and  cooled,  stellate  groups  of  hydrobromate  of  dibro- 
inomelaniline,  which,  when  dissolved  in  water,  form  with  ammonia  a white  crystalline 
])rfcipitate,  crystallising  from  hot  alcohol  in  white  scales.  The  base  tastes  very 
bitter  in  its  solutions.  When  heated  al>ove  its  melting  point,  it  gives  off  pure  brora- 
aniline  in  the  form  of  a colourless  distillate,  which  solidifies  in  a yellowish  cmtalline 
mass,  leaving  a resinous  mass  similar  to  the  residue  obtained  in  the  distillation  of 
melaniline.  It  is  nearly  insoluble  in  water,  but  dissolves  in  alcohol  and  ether. 

Its  hydrochlorate,  C‘*H**Br*N*.HCl,  ciystalliscs  in  white  silk^  needles  grouped  in 
stars.  These  crystals,  when  immersed  in  a small  quantity  of  boiling  water,  melt  into 
an  oil  which  solidifies  in  the  crystalline  form  on  cooling  ; they  dissolve  sparingly  in  water. 

The  hot  saturated  solution  of  the  hydrochlorate  forms  with  platinic  cldoride  an 
orange-yellow  precipitate,  which  on  cooling  crystallises  in  golden-yellow  scales,  nearly 
insoluble  in  water,  sparingly  soluble  in  ether,  somewhat  more  in  alcohol,  and  containing 
2(^C'»H'*BriNMlCl).PtCl*.  (Hofmann.) 

IhCHLOBOMKiAinLiim.  C**H“C1*N*.  (Hofmann,  foe.  cit.) — When  chlorine- 
water  is  gradually  added  to  hydrochlorate  of  melaniline,  till  the  turbidity  no  longer 
disappears  on  agitation,  the  filtrate  when  evaporated  and  cooled,  yields  hydrochloruto 
of  dichloromelaniline  in  white  stellate  needles,  or  by  further  evaporation,  as  a yellowish 
oil  which  solidifies  in  the  ciy’stalline  form.  From  the  solution  of  this  salt  in  water,  in 
which  it  is  but  sparingly  soluble  (whereas  it  dissolves  more  readily  in  alcohol  and 
still  more  in  ether),  ammonia  precipitates  the  base  in  snow-white  flakes,  which  separate 
from  the  alcoholic  solution  in  hard  crystalline  laminse. 

Pfatinum-sal^  2(C‘*H'*Cl^N’.HCl).PtCP. — The  hydrochloratc  mixed  with  tetra- 
chloride of  platinum,  yields  an  oiunge-yellow  crystalline  powder  which  must  be  washed 
with  ether. 

The  resinous  mass  precipitated  by  mixing  hydrochlorate  of  melaniline  with  a very 
large  excess  of  chlorine  water,  wbicn  hardens  ^er  a while  into  an  amorphous  solid, 
exhibits  a neutral  reaction,  and  is  insoluble  in  water  but  soluble  in  alcohol,  is  probably 
trichluromelaniline,  C’*N*C1*H'*.  (Hofmann.) 

DmioDOMKLANiLmE.  C*’H*'I*N*.  (Hofmann,  Ann.  Ch.  Pharm.livii.  162;  Chem. 
Soc.  Qu.  J.  I.  303.) — When  chloride  of  cyanogen  is  passed  through  an  ethereal  solution 
of  iodaniline,  a crystalline  precipitate  of  hydrochlorate  of  iodaniline  is  first  formed,  but 
if  tlie  passage  of  the  gas  be  continued,  the  crystals  disappe  ar  and  the  entire  mass  changes 
into  a transparent  resin  of  hydrochlorate  of  diniodomelanilinr,  which  slowly  becomes 
ciy  stalline.  From  this  compound,  potash  throws  down  the  base  in  the  form  of  a white 
body,  which  crystallises  indistinctly  from  alcohol. 

The  iydrochioratr  dissolves  spanngly  in  water  and  sepamtes  from  the  boiling  solo- 
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tion  on  cooling  in  oily  drops,  which  very  slowly  change  into  whito  ciystalline  sUrs. 
The  ckloroplatinatc  is  not  very  ciystalline. 

Disitbomelaxilink.  C'*H"NK)*  = C'*H”(NO*)*N*.  (Hofmann,  Ann.  Ch, 
Plwrm.  Ixvii.  156 ; Chem.  Soc.  Qu.  J.  i.  305.) — This  base,  like  other  nitrt^pri>'atives 
of  aniline,  is  susceptible  of  two  isomeric  modiOcations : a.  produced  by  the  action  of 
chloride  of  cyan<^en  on  o-nitraniline ; A by  the  action  of  fuming  nitric  acid  on  mel- 
aniline.  The  two  modifications  closely  resemble  one  another  in  physical  and  chemical 
properties ; but  when  distilled  with  potash,  the  former  yields  o-,  the  latter /3-nitraniline. 

Prrparation  of  a-nitromelanilinc. — Gaseous  chloride  of  cyanogen  is  passed  through 
a solution  of  a-nitrauiline  till  the  ether  is  nearly  evaporated  ; the  renuiining  crystalline 
mixture  of  undecomposed  nitraniline,  hydrochlorate  of  dinitromolaniline,  and  indifferent 
yellowish  needles,  is  heated,  with  gradual  addition  of  water,  till  the  mass,  which  at 
first  melts  into  u brown  oil,  is  almost  entirely  dissolved;  the  liquid  is  cooled  till  the 
yellowish  needles  separate  ; the  colourless  filtrate  containing  hydrocblorate  of  dioitro- 
melaniline  is  mixed  with  ammonia,  which  throws  down  the  diDitromelaniline,  as  a 
quickly  crystallising  sulpliur-vellow  mass ; and  this  precipitate  is  freed  from  nitran* 
ilino,  with  which  it  is  generally  mixed,  by  boiling  with  water. 

ProprrtieM. — Nitromelaniline  precipitated  by  ammonia  or  potash  forms  a scaly  crys- 
talline mass,  of  a much  paler  yellow  colour  than  nitraniline ; when  precipitated  from 
alcohol  by  water,  it  forms  a golden-yellow  crystalline  mass,  and  short  flat  micruocopic 
needles;  ttom  ether  by  spontaneous  evaporation  it  crystallises  in  larger  needles.  It  is 
insolublo  in  water  even  at  the  boiling  heat,  sparingly  soluble  in  ^eohol,  still  less  in 
ether.  When  heated,  it  gives  off  a yellow  vapour  which  condenses  in  brown  oily 
drops  chiefly  consisting  of  nitraniline,  and  gradually  crystallising,  and  leaves  a brown 
resinous  mass. 

Hydrochlorate  of  Dlnitromelaniline^  C'*H’‘(N0*)^.HC1,  crystallises  in  flat  shining 
needles,  sparingly  soluble  in  water.  The  chloroplatinate^  2[C'*H*'(NO’)^’*.HCl]PtCl‘, 
is  a yellow  crystalline  precipitate  which  is  sparingly  soluble  in  water  and  alcohol, 
insoluble  in  ether,  and  burns  with  a slight  deflagration  when  heated.  The  nitrate 
is  sparingly  soluble.  The  oxalate  forms  easily  soluble  crystalline  grains.  The  sulphate 
forms  white  crusts  which  dissolve  easily  in  water. 

SioyanoixielazUUne.  = C>H»N“.Cy».  (Hofmann,  Ann.  Ch.  Phann. 

Ixxvii.  100;  Ixxiv.  1). — A saturated  solution  of  melaniline  in  cold  alcohol  absorbs  a 
large  Quantity  of  cyanogen,  and  if  the  liquid  be  then  left  to  itself  in  a closed  vessel  for 
some  hours,  solidifies  to  a crystalline  pulp  which  may  be  purified  by  washing  with 
alcohol  and  rccr^etallisation  from  boiling  alcohol 

The  product  is  dicyanomelaniline ; it  forms  yellowish  needles  not  volatile  without 
decomposition ; when  heated  it  gives  off  aniline  and  cyanide  of  ammonium^  mid  leaves 
a resinous  residue  which  chars  at  higher  temperature. 

Dicyanomelaniline  dissolves  in  cold  dilute  acids,  and  if  potash  or  ammonia  be  im- 
mediately added  to  the  solution,  the  dicyanomelaniline  separates  out  unaltered;  but  it 
decomposes  by  prolonged  contact  with  acids,  so  th.-it  it  do<»  not  easily  yield  salts.  Its 
solution  in  hydrochloric  acid  becomes  turbid  in  a few  minutes,  and  deposits  a yellowish 
confusedly  cr}stallino  mass  of  molanoximide  (p.  286)  the  mother-liquor  retaining  sai. 
ammoniac  in  solution : 

+ 2H*0  « C"H"N>0*  + 2NH*. 

DicfsnoracU  BlclanoxtmiUe. 

aoilloc. 

Ct  nenyltrlamlaea. 

These  are  bases  derivable  from  a triple  mobicule  of  ammonia,  IPX*,  by  the  sul)«titu- 
tion  of  one  or  more  atoms  of  phenyl  for  an  equal  number  of  hydrogen-atoms,  and  of  a 
polyatomic  radicle  for  a numW  of  hydrogen-atoms  corresponding  to  its  atomicity.  At 
present,  however,  there  is  but  a small  number  of  compounds  known  which  can  be 
referred  to  this  class. 

O’  ) 

1.  Carbotrip}unyl-triamine,0*U}'’J^^  « (OH*)*>N*.  (Hofmann,  Proc.  Roy.  Soc. 

H*  ) 

ix  284.) — This  base  is  produced  by  the  action  of  tetrachloride  of  carbon  on  aniline : 

O’  ) 

3(C*H».H*.N)  + CCl«  - (C«H*)*>N*  + 4Ha. 

H^  ) 

CX  ) 

It  might  also  bo  formulated  cyano-triphenpUdiamine  but  its  taade  of 

IP  ) 

fonnatiou  shows  it  rather  to  bo  a triamine. 
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Preparation. — Aniline  and  tetrachloride  of  carlx)n  do  not  act  upon  one  another  at 
ordinary  temperatures,  and  but  verj’  slowly  at  100'^;  but  when  a mixture  of  pts. 
aniline  and  1 pt  of  the  tetrachlonde,  l>oth  in  the  anhydrous  state,  is  heated  t<i  170® 
in  sealed  tubes  for  about  thirty  hours,  the  liquid  is  converted  into  a black  mass  which 
adheres  firmly  to  the  sides  of  the  tubes  and  is  a mixture  of  eovenil  boilies.  Water 
dissolves  a portion  of  it,  leaving  a more  or  less  solid  rosin,  and  the  aqur«ous  solution 
yields,  on  addition  of  potash,  an  oily  precipitate  containing  a considerable  portion  of 
unchanged  aniline.  On  boiling  this  precipitate  with  dilute  potash  in  a retort^  the 
aniline  distils  over,  while  a viscid  mass  remains  behind  whieh  gradually  solidifies  with 
H ciystalline  structure.  Washing  with  cold  alcohol  and  two  or  three  ciystaUisntions 
from  boiling  alcohol  render  this  body  perfectly  white  and  pure,  while  a very  soluble 
substance  of  n splendid  crimson  colour  remains  in  solution.  The  j>ortion  of  the  bhick 
mass  which  is  insoluble  in  water  dissolves  almost  entirely  in  dilute  hydrochloric  acid, 
from  which  solution  it  is  precipitated  by  alkalis,  as  an  amorphous  pink  or  dingj-- 
coloured  precipitate  soluble  with  rich  crimson  colour  in  alcohol.  The  greater  part  of 
this  body  contacts  of  the  same  colouring  principle  that  accompanies  the  white  crystal- 
line substance.  Considerable  quantities  of  this  crystalline  body  are  also  occasionally 
present  in  the  product  insoluble  in  water. 

The  c^stallino  substance  is  carbotriphenyl-triaminc.  It  is  insoluble  in 
water,  difficultly  soluble  in  alechol^  soluble  in  ether.  From  the  hot  alcoholic  solution 
it  ciystallises  slowly  on  cooling  in  elongated  four-sided  plates  often  grouped  round  a 
common  centre.  It  dissolvc-s  freely  in  acide,  from  which  it  is  thrown  down  by  alkalis 
as  a dazzling  white  precipitate.  The  hydrockloratey  C**H’’N*.nCl,  and  the  chloro^ 
platinate,  2(C‘*H'^N*.HCl).PtCF,  are  extremely  soluble  in  excess  of  hydrochloric  acid. 

^ ) 

2.  Melaniline,  may  be  regarded  as carbo-diphenyl-triamine 

H«  S 

but  the  mode  of  formation  renders  it  more  probable  that  this  body  really  consists  of 
CN  ) 

(see  p.  461). 


cyano-diphcnyl-diamine,  OIP)’ 

II« 

3.  Rosaniline,  C**H’*N*,  and  some  of  the  colouring  matters  derived  from  it  are 
probably  also  triamines ; but  their  rational  formulae  still  remain  to  be  determined. 


Appendix  to  Phenylaniines. 

Aniline-dyes. 

The  colorific  tendencies  of  aniline  have  long  been  known.  The  violet-blue  reaction 
with  chloride  of  lime,  which  is  the  ordinary  laboratory  test  for  aniline,  was  discovered 
by  Kungo  in  1835.  Some  years  aftrrwanls,  Fritzsche  showed  that  aniline  trcatnl 
with  aqueous  chromic  acid  yields  a blackish-blue  precipitate.  Beissenhirtz  in  1853 
noticed  the  blue  colour  resulting  from  admixture  of  aniline  with  strong  sulphuric  acid 
and  acid  chromate  of  potiu»sium  ; and  the  substance  prwiucing  this  blue  oolonition  wsis 
isolated  in  1856  by  Mr.  W.  II.  Perkin,  who  showed  that  it  is  a colouring  matter 
capable  of  being  fixed  upon  fabrics,  and  thus  laid  tlie  foundation  of  the  vast  industry 
of  aniline  colours.  Soon  afterwards  reds  of  various  shades  were  obtained  on  the  manu- 
facturing scale  by  heating  aniline  with  tetrachloride  of  tin,  arsenic  acid  and  various 
metallic  salts,  and  a great  number  of  other  dyes,  ytdlow,  green,  blue,  violet,  &c.,  have 
been  obtained  either  by  treating  aniline-red  with  various  n'agents,  or  us  secondary 
products  in  its  preparation.  A few  have  also  been  obtained  by  other  processes. 

Aniline-black.  Blacks  of  great  intensity  are  produccsl  on  calico  by  printing  with  a 
mixture  ofaniline,  chlorate  of  potassium  and  a metallic  salt.  In  1863  Mr.  Light  foot  of 
Accrington  patented  in  Franco  a method  of  producing  aniline-black  by  printing  with 
a mixture  of  25  grms.  chlorate  of  potassium,  50  grms.  aniline,  50  grms.  hydrochloric 
acid,  50  grms.  cupric  chloride,  25  grms.  sal-ammoniac,  12  grms.  acetic  aci<l,  and  1 
litre  of  starch-paste,  then  exposing  the  cloth  to  the  air  fur  two  ditys,  and  fixing  the 
colour  with  an  alkali.  The  black  thus  produced  is  very  good  and  durable,  but  tho 
process  has  not  been  much  used,  because  the  large  qiuintity  of  copp<*r  in  the  mixture 
IS  found  to  corrode  the  steel  scrapers  or  “ doctors  of  the  printing  machine,  and  more- 
over tho  Lirgc  quantity  of  acid  in  the  aniline-salt  and  in  tho  copper-salt,  causes  a rapid 
destruction  of  the  vegetable  fibre. 

Several  methods  of  obviating  these  defects  have  been  proposed;  the  best  appears  to 
be  that  of  Lauth,  which  consists  in  replacing  the  soluble  copper-sitlt  by  an  insoluble 
compound,  tho  sulphide  for  ex-implo.  This  compound,  when  printed  together  witli  the 
chlorate  of  potassium  and  hydroohlorate  of  aniline,  is  gradually  oxidised  by  the  action  of 
tho  hypoch'orou.s  acid  or  of  chlorine  (set  fr<e  by  the  mutual  action  of  the  salts  just 
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mentioned)  and  coDTcrted  into  sulphate,  so  that  a mixture  is  formed  similar  to  that 
used  in  Li^htfoot’s  process.  As  however  there  is  no  excess  of  soluble  copper  salt,  or  of 
acid  present,  no  corrosion  of  the  scrapers  or  rollers,  or  destruction  of  the  vegetable 
fibre  need  be  feared. 

Aniliiic-black  thus  produced  has  a very  deep  colour  and  rich  velvety  aspect.  It  is 
said  to  be  very  fast,  quite  insoluble  in  wuU>r,  l>oiling  soap-ley,  alkalis  and  acids.  The 
latter  turn  it  green,  but  alkalis  restore  the  original  tint.  Acid  chromate  of  potassium 
deepens  the  colour;  hut  a strong  solution  makes  it  slightly  rusty.  It  is  destroyed  by 
a strong  solution  of  chloride  of  lime,  but  reappears  after  some  time  with  its  original 
depth.  The  colour  is  capable  of  withstanding  all  the  processes  employed  for  the  pro- 
duction of  rose  and  red  madder  colours.  (Bull.  Soc.  Cuirn.  [2]  ii.  416.) 

AnUlDe*M«e*  Blue  colouring  matters  are  produced  from  aniline  under  the 
inlluence  of  various  reagents,  as  by  chlorate  of  potassium  and  hydrochloric  acid, 
chlorous  acid,  peroxide  of  hydrogen  (Lauth),  ferric  chloride,  ferricyanide  of  potas- 
sium (E.  Kopp,  Exanu:n  dt$  MatUrti  a>U/rantfS  artificitlUs,  p.  68),  hydrochloric  acid 
and  peroxide  of  manganese,  ferric  nitrate  and  hydrocldoric  acid  (Scheurer-Kestner, 
ibid.  p.  66).  Products  of  tliU  kind  have  been  more  especially  studie<l  by  Calvert, 
Lowe,  and  Clift,  who  have  described  them  under  the  name  of  azurine. 

A much  finer  and  more  permanent  blue,  now  designated  especially  as  aniline-blue, 
is  obtaiued  by  heating  u salt  of  rosauiline  (aniline-red)  with  excess  of  aniline.  This 
colouring  matter  bis  the  composition  of  triphenyl-rosaniline,  C^11'*(C*H*)'N*,  snd  will 
be  described  as  a derivative  of  rosaniline  (p.  472). 

AnlUne-browa.  A brown  aniline  dye,  patented  by  G.  Pe  Lai  re  (London 
Journal  of  Arts,  Dec.  186.3X  is  obtained  by  heating  1 pt.  of  fuscnl  aniline-blue  with 
4 pts.  of  anhydrous  hydrochloraU*  of  aniline  lo  240®  for  several  hours.  It  is  soluble 
in  water,  alcohol  and  acids,  and  is  precipitated  from  the  aqueous  solution  by  salta 

The  same  dyo  is  obtained  by  tr»‘ating  arsenate  of  aniline  wHh  the  hydrochlorate 
(London  Journal  of  Arts,  Dec.  1863 ; Bull.  Sue.  Chim.  [2]  ii.  240). 

AatUno^grooa  or  Bmeraldiiia.  Almost  all  the  blue  substances  produced  from 
aniline  by  the  action  of  hvpc«hlorous  acid,  and  the  other  reagents  above  mentioned, 
become  green  when  treated  with  acids,  and  bluo  again  under  the  influence  of  alkalis. 
A very  fine  bright  green  is  pro<iuced  on  cotton  by  printing  with  acid  hydrochloratc  of 
aniline  on  fabrics  prepared  with  chlorate  of  potassium.  This  is  called  emeraldine. 
By  subsequently  passing  the  cloth  through  a solution  of  acid  ohromute  of  potassium,  the 
colour  is  changed  to  the  deep  indigo-blue  called  azurine.  (Culvert.) 

Aiillliie*piirpl6  or  Mauvey  also  called  Antlrinr,Indmnf.  Phtnamrinr,  rp4i'nr^  Roto^ 
/me.  Ti/ralinf,  This  is  thedyediscovered  by  Perkin  and  patented  by  him  in  18o6  (No, 
1984,  Aug.  26).  To  prepare  it,  a cold  dilute  solution  of  tlie  sulpnat<>  (or  any  other 
suit)  of  commercial  aniline  is  mixed  with  a solution,  also  cold  and  dilute,  of  acid  chro- 
mate of  potassium  (bichromate  of  potash),  the  mixture  being  well  stirmi  and  )ell  to 
its«df  fi/r  ten  or  twelve  hours.  A black  precipitate  is  then  protiuced  which  is  collected 
on  a filter,  washed  with  cold  water,  drie<l,  and  digested  with  light  coal-tar  oil,  which 
dissolves  out  a black  tarry  suljsiancc.  Tlie  rt>siduo  is  aguin  dried  and  digestwl  with 
alcohol,  wood-spirit,  or  any  other  liquid  capable  of  diss4jlving  tlie  colouring  matter; 
and  the  clear  solution  is  separated  by  filtration  or  decantation,  and  distilled  to  recover 
the  alcohol  or  wood-spirit.  The  residue  then  remaining  is  aniline-purple. 

On  the  large  scale  this  process  has  been  variously  nuxlifieil  by  different  manu- 
facturers. Some  complete  the  operation  of  mixing  in  a few  minutes ; otliers  prolong  it 
even  to  thirty-six  hours.  Many  again  find  it  convenient  to  employ  the  solution  rather 
warm  and  concentrated,  the  temperature  and  degree  of  concentration  depending  also 
on  the  quantities  employed.  Ilydrucblonite  of  aniline,  obtained  by  dissolving  aniline 
in  commercial  hydrochloric  acid,  is  also  frequently  used.  The  sulphate  is  employed  in 
a state  of  paste,  as  produced  by  treating  aniliuo  with  oil  of  vitriol  diluti-d  with  a very 
little  water.  The  following  proportions  are  recommended  by  Scheurer-Kestner  : 
ouo  kilogramme  of  aniline,  a conccntnitcd  solution  of  from  800  to  1200  grammes  of 
dichromate  of  potassium,  and  500  grammes  of  sulphuric  acid  of  sp.  gr.  1 84  <60®  Bm.l. 

The  purification  also  is  ofleu  differently  coDdueled,  more  t*specially  with  tbs  view  of 
avoiding  the  use  of  expensive  solvents.  The  black  precipitate,  after  washing  with  cold 
water,  is  exliuusted  by  prolonged  ebullition  with  large  quantities  of  water  (sometimes 
acidulated  with  from  1 to  2 per  cent,  of  acetic  acid),  whereby  the  colouring  matter  is 
dissolved.  The  filtered  solutions  are  concentrated  as  much  us  {Kissible,  and  whilu 
boiling  are  precipitated  by  caustic  soda;  the  precipitate  is  washed  on  a filter  with  an 
alkaline  solution,  to  remove  the  excess  of  potussic  clironiate  together  with  a reddish 
colouring  matter  which  affects  the  brilliancy  of  the  purple,  tlien  treated  with  cold 
water  till  the  alkiili  is  removed  and  the  washings  have  become  coloured  ; and  the  pre- 
cipitate is  allowed  to  drair,  whereby  the  aniliue-purplo  is  obtained  in  the  form  of 
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paste.  Very  often  the  extraction  by  boiling  water  and  precipitation  by  caustic  soda 
are  repeated  in  order  to  obtain  the  colour  in  a pure  state.  The  solution  of  the  pisto 
in  alcohol,  wood-spirit  or  methylated  spirit  yields  on  evaporation  a residue  of  a resinous 
appearance,  exhibiting  a peculiar  metallic  lustre,  recalling  at  once  that  of  gold  and  that 
of  copper.  It  is  soluble  in  water,  more  soluble  in  acetic  acid,  and  the  alcohols,  and 
possesses  extmordinat^  tinctorial  powers. 

Aniline-purple  may  also  be  obtained  by  the  following  processes : a.  Oxidation  of  a 
cold  dilute  solution  of  hydrochlorute  of  aniline  by  a dilute  solution  of  chloride  of  lime 
(Bolley,  Beale  and  Kirk  ham).  The  aniline  is  thert'by  converted  into  a black  pitch' 
like  mass,  the  weight  of  which  is  not  more  than  ono-tenth  of  the  quantity  of  aniline 
employed.  This  mass  contains  (a)  aniline-purple;  (^)  a brown  colouring  matter  sol- 
uble in  alkaline  b'quids,  and  (c)  a resinous  substance  soluble  in  alcohol,  ether  and  sul- 
phide of  carbon.  The  aniline-purple  is  extracted  by  water  ; it  is  more  difficult  of 
purification  than  the  compound  prepared  by  Perkin’s  method.  The  chloride  of  lime 
process  is  more  economical,  but  the  colour  of  the  product  is  U^ss  beautiful  and  of  a red- 
der tiut  than  the  preceding. — /3.  Oxidation  of  a salt  of  aniline  in  aqueous  solution  by 
peroxide  of  mangaucse,  or  by  peroxide  of  lead  (D.  S.  Price)  under  the  infiueuce  of  an 
aciiL — y.  Oxiduttou  of an aniliue  saltby  asolutionofpotassicperman^nate(GreviUe 
\V  illiams),  or  of  ferricyanide  of  potn.ssium  (R.  Smith). — 9.  Oxidation  of  a salt  of 
aniline  iu  aqueous  solution  by  five  chlorine  or  free  hypochlorous  acid  (R.  Smith),  or 
by  the  double  chloride  of  copper  and  sodium  (Dale  ana  Caro).*  Of  all  these  process^'S 
tiiose  ouly  hare  attained  induslnal  importance  in  which  chromate  of  potassium,  chlo- 
rate of  potassium,  chloride  of  lime,  ana  chloride  of  copper  are  employed. 

Aniline-purple  prepared  by  Perkin's  process  is  the  sulphate  of  a base  called  Mau- 
reine,  haring  the  composition  (Perkin,  Ann.  Ch.  Phann.  cxxxii.  201). 

On  adding  caustic  potash  to  a solution  of  the  commercial  crystallised  product,  the 
colour  changes  immediately  ftom  purple  to  bluish-violet,  and  on  standing,  the  mauremo 
sepiirates  as  a crystalline  b^y  which,  after  washing  with  alcohol  and  then  with  water, 
appt'ors  as  a nearly  black  glistening  substance  not  unlike  specular  iron  ore.  It  dis- 
solves in  alcohol,  forming  a violet  solution,  which  on  addition  of  acids  immediately 
assumes  a purple  colour.  It  is  insoluble  or  nearly  so  in  ether  and  in  benzene.  It  is  a 
very  stable  compound  and  decomposes  ammonium-salts  with  facility.  When  strongly 
liented,  it  decomposes,  giving  off  a basic  oil,  which  does  not  anjicor  to  be  aniline. 

Acetate  of  Mauveine  is  obtained  by  dissolving  the  base  in  boiling  alcohol  and  acetic 
acid ; it  crystallises  as  the  liquid  cools,  and  may  bo  purified  by  rociystallisiug  it  ouce 
or  twice.  It  is  a beautiful  compound  having  n green  metallic  lustre. 

Carbonate  of  Mauvtine,  SoTutious  of  mauveinc  quickly  absorb  car- 

bonic acid  from  the  air,  the  colour  changing  from  violet  to  purple.  To  prepare  tiie 
carbonate,  carbonic  acid  gas  is  passed  through  boiling  alcohol  containing  mauveiue 
in  suspension;  on  leanng  the  liquid  to  itself,  the  carbonate  separates  in  prisms  having 
a green  mrtalJic  reflex.  On  boiling  its  solution,  part  of  the  carbonic  acid  escapes,  the 
liquid  at  the  same  time  assuming  the  violet  colour  of  the  free  base.  In  the  d^  stato 
the  salt  decomposes  very  (quickly,  and  at  100*^  it  gives  off  the  whole  of  its  carbonic 
acid  and  acquires  a dark  oUve-brown  colour.  By  analyhis  it  was  found  to  contain  8 8 
per  cent.  CO^  wliich  is  intermediate  between  the  composition  of  a ueutnil  oarbonato 
2C"U**N*.H*CO*,  requiring  51  percent.,  and  that  of  an  acid  carbonate 
requiring  91  per  cent.  CO*.  . 

Hydrioilate of  crystallises  in  prisms  having  a green  metallic 

lustre ; less  soluble  than  the  following  salt  In  preparing  it  from  the  free  base  it  is 
necessary  to  use  colourless  hjdriodic  acid,  ns  fr«  e icxline  would  decompose  it 

IJydrobromate  of  Mauininef  C'*H^*N*.HBr. — Prepared  like  the  bydrochlorate,  which 
it  resembles,  excepting  that  it  is  less  soluble. 

UydrochioraU  of  A/cwtviwc,  C*^I1*‘NM1C1,  is  obtained  by  direct  combination  oftheacid 
and  base,  and  separates  from  on  alcoholic  solution  prepared  at  the  boiling  heat  in  email 
prisms,  often  grouped  in  tufis  and  having  a strong  green  metallic  lustre.  It  is  moderaU*ly 
soluble  in  alcohol,  loss  soluble  in  water,  and  neurlyiiisoluble  in  ether.  The  chloro-auratr^ 
C^’H*‘N*.UCl.AuCl*,  prcpannl  by  mixing  the  alcoholic  solutions  of  the  hydrochlorate 
and  auric  chloride,  separates  a.s  a crystalline  precipitate  which  is  much  less  lustrous 
than  the  platinum-salt,  and  appears  to  lose  a portion  of  its  gold  when  recrystallised. 

The  chloTOjdatinatey  2(C*'ll**NMICl).PtCl*,  prepared  like  the  gold-salt,  separates 
from  cold  solutions  us  a green  erystalliue  powder;  from  modemtely  warm  solutions  iu 
rather  large  cr}*stals.  It  possesses  the  green  lustre  of  the  bydrochlorate,  but  when  di^ 
bus  more  of  a gold  colour.  It  is  very  slightly  soluble  in  alcohol. 

Sidpkate  of  Mauveine,  2C*^H*‘N^SI1’•'0*. — This  salt  is  the  original  aniline-purple 
obUiinid  by  treating  aniline  with  acid  chromate  of  potas.Hium  and  sulphuric  acid. 

* For  (he  datet  of  the  Speclflcetioni  of  thete  and  other  pitentcd  procvMei  foi  the  prrparuiou  uf 
aniline  colours  %cc  Beiort. 
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Respecting  the  methods  of  djeiug  with  anilioe-parpley  see  Drscfo  (ii.  357) ; also, 
HofnuxnrCi  litport^  p.  124. 

Aslltne  Sed  or  Sosanillne  i also  called  7?o«(inc,  Fuchsinf^  AsdUine^  Magmta^ 
Solfcrino,  &c.— -It  has  been  known  for  some  years  that  Hniliue,  when  subjected  to  the 
action  of  varicus  reagents,  is  capable  of  yielding  products  of  a deep  red  colour. 
The  production  of  this  red  colour  by  the  action  of  strong  nitric  acid  on  aniline  was 
observed  by  Hofmann  in  1843,  and  about  the  same  time  by  Zinin.  Hofroanu 
also  found  that  a dark  red  liquid  is  produced  on  mixing  sulphate  of  aniline  with  ferric 
sulphate;  and  Natanson  in  1856  observed  a red  substanct^  among  the  products  ofthe 
action  of  Hutch  liquid  upon  aniline.  But  it  was  only  in  1858  that  the  formation  of  a 
crimson  colouring  princijjle  and  some  of  its  characteristic  properties  were  first  defi- 
nitely pointed  out  by  Hofmann,  who,  in  studying  the  action  of  tetrachloride  of  caribou 
upon  aniline,  observed  and  described  the  formation  of  a basic  substance  which,  when 
dissolrinl  in  alcohol,  imparts  to  this  liquid  a magnificent  crimson  colour  (see  p.  465).* 
Since  that  time  aniline-reds  hare  been  produced  by  treating  aniline  with  a gn^at 
variety  of  reagents,  the  most  important  of  which  are  tetnichloridc  of  tin,  arsenic  achl, 
nitric  acid,  mercuric  nitrate  and  ferric  chloride.  Patents  have  also  been  taken  out  for 
the  preparation  of  these  colours  by  the  ebullition  of  aniline  with  stannous,  mercurous 
and  mercuric  sulphates;  with  ferric,  uninic,  argentic  and  plumbic  nitrates;  with 
stannic  and  mercuric  bromides  : with  iotline,  stannic  iotlideandiotloform;  with  raen.’uric 
chlorate,  bromato  and  iodntc ; and  with  pcntachloride  of  antimony ; also  by  the  action  of 
antimonic  oxide,  peroxide  of  bismuth,  stannic,  ferric,  mercuric  and  cupric  oxides  ou  hy- 
drochlorate  or  sulphate  of  aniline  at  the  temperature  of  180®.  The  greater  number  of 
these  proccMk^s,  however,  are  of  but  little  value  ; we  proceed  to  describe  those  which 
arc  actually  practised  on  the  manufacturing  scale, 

1.  Frrparation  of  Anitinf-rcd  by  Tttrcicfdoride  of  Tin. — This  process,  discovered 
by  Messrs.  Verguin  and  Henard,  of  Lyons,  was  the  first  by  which  aniline-red 
was  prepared  for  industrial  use.  A mixture  of  10  pts.  aniline  and  6 to  7 pts. 
tetrachloride  of  tin,  either  anhydrous  or  hydrated,  is  hcatcHl  to  ebullition  for  fifteen  or 
twenty  minutes,  the  liquid  becoming  at  first  yellow,  then  red,  and  being  ultimately 
converted  into  a nearly*  black  mass.  The  mixture  is  left  to  cool  and  then  treated  with 
a large  Quantity  of  boiling  water,  which  acquires  a magnificent  red  colour,  and  without 
any  further  preparation,  forms  a splendid  dye-bath  fur  silk  and  wool  It  is  found  better, 
however,  to  precipitate  the  colouring  matter  by  partially  saturating  the  concentraU  d 
liquid  with  carbonate  of  sodium,  and  adding  common  salt.  The  unilinc-red  is  then  pn>- 
cipitated  in  the  solid  state,  and  has  only  to  bo  dissolved  in  water,  alcohol,  or  acetic  acid 
to  prepare  a dye-bath  for  imbuing  silk  and  wool  with  the  most  beautiful  roseate  tints. 

Anhydrous  mercuric,  ferric  or  cupric  chloride  may  bo  used  in  the  preparation  instead 
of  the  stannic  chloride. 

2.  reparation  of  Anil ine~rcd  with  Arsenic  Acid. — This  process,  which  is  one  of  the 
best,  Wiu»  discovert  by  Med  lock.  It  consists  in  combining  arsenic  acid  with  a slight 
excess  of  aniline,  and  heating  thc^^rystallinomassovcr  aslowfirc  to  about  120  — 140®,carrt 
btung  taken  not  to  exceed  160®.  The  proportions  recommended  are  12  pts.  of  the  dry 
acid  of  commerce  (which  is  chiefly  a dihyarate  containing  13’5  per  cent,  water)  to  10 
pts.  of  aniline,  with  or  without  the  addition  of  water.  The  openition,  according  to  the 
scale  on  which  it  is  carried  out,  n'quires  from  four  to  nine  hours  for  completion.  A 
jjerfcctly  homogeneous  fluid  mass  is  llius  obtained,  which  on  cooling  wdidifies  to  a hard 
substance  with  metallic  bronze-coloured  lustre.  When  dissolved  in  boiling  water  it 
produce's  a solution  of  great  richness  and  purity  of  colour.  From  this  solation  tho 
colouring  matter  may  be  precipitated  almost  free  from  arsenic  by  addition  of  a slight 
excess  of  soda.  The  precipitate  U collected  on  filters,  washed  with  a little  cold  water, 
and  rodissolved  in  acetic  acid. 

3.  With  Afcrcttrtc  AVird/r.  (Gerber-Keller’s  process.) — 7 or  8 pts.  of  pulverised 
mercuric  nitrate  are  gradually  added,  with  constant  stirring,  to  10  pts.  of  aniline  heated 
in  a water-bath  (too  nigh  a temperature  might  cause  a violent  and  explosive  reaction). 
The  operation  lasts  eight  or  nine  hours,  at  the  end  of  which  time  the  mass  becomes  of  a 
magnificent  violet-red  colour.  This  constitutes  the  azalcine  of  commerce.  The  mer- 
cury is  reduced  during  the  process  to  the  metallic  state,  and  may  be  used  again  for 
the  preparation  of  the  nitrate. 

4.  With  Fitrie  Acid.  (Lauth  and  Hepouilly*s  process.) — This  process  ought 
more  properly  to  be  called  treatment  of  nitrate  of  aniline  with  aniline,  as  it  requires 
the  aniline  to  be  in  excess.  The  mixture  is  heated  to  about  150''or  160°,  care  being  taken 
to  remove  the  beat  as  soon  as  the  reaction  becomes  at  all  lively.  After  several  hours 
a mass  is  obtained  of  a fine  violet-red  colutir,  wliich  may  be  sent  into  commerce  os  soon 

* This  mn-ie  i<f  iir<<duc1ns  tnllliie-red  baa  not  actuotl;  been  carried  out  in  nractic,.* ; but  a Committee 
of  tho  indtttirullr  dr  Muikouse  haVc  rr|>ofte<l  favourablj  uti  liii*  pottibililf  of  purfonnlng  it  evo- 
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AS  it  has  been  troateU  with  a small  quantity  of  carbonate  of  sodium  dissolnnl  iu 
water,  and  precipitated  by  addition  of  common  salt.  This  process  gires  good  results 
especially  on  the  small  scale ; but  when  large  quantities  are  operated  on,  it  is  oflen 
difficult  to  regulate  the  action,  and  combustion  and  deflagration  ensue,  wliich  of  course 
destroy  the  entire  product. 

The  aniline-red  obtained  by  the  action  of  nitric  acid  or  mercuric  nitrate  has  a more 
violet  tint  than  that  pre|Mired  by  means  of  the  anhydrous  cbloridea 

5.  Dirfct  production  of  Anilint'ttd  from  Nitrobenzene  is  treated 

with  a mixture  of  iron  and  hydrochloric  acid,  or  with  ferrous  chloride,  whereby  it  is 
converted  into  aniline,  with  formation  of  ferric  chloride  (p.  420).  On  heating  the 
mixture,  the  ferric  chloride  reacts  upon  the  aniline  thus  pi^uced,  converting  it  into 
aniline-red.  Messrs.  Laurent  and  Casth^laz,  to  whom  this  process  is  due,  give  the 
name  of  erythrobenzol  to  the  colouring  matter  thus  obtained ; but  it  probably  consists 
mainly  of  rueaniline. 

Purification  <f  Aniiine-rcd. — The  crude  colours  obtained  by  the  preceding  processes 
still  contain  undccomposcd  aniline,  chiefly  in  the  form  of  Milts,  together  with  tarry 
matters,  some  insolnble  in  water  and  dilute  acids,  others  soluble  in  sulphide  of  carbon, 
naphtha,  or  in  caustic  or  carbonated  alkalis.  On  boiling  the  crude  red  with  excess  of 
alkali,  the  undecomposed  aniline  is  expelled,  the  acid  which  exists  in  the  product 
being  fixed  by  the  alkali,  while  very  little  of  the  colouring  matter  dissolves.  On  treat- 
ing the  slightly  washed  resilue  ^ith  boiling  water  acidulated  with  a mineral  acid,  the 
red  is  dissolved,  while  certain  tarry  matters  remain  insoluble;  and  if  the  boiling  solu- 
tion l>e  filtered  and  saturated  with  an  alkali,  the  colouring  matter  is  precipitated 
tolerably  pure.  The  precipitation  may  be  hastened  by  dissolving  common  salt  in  the 
saturated  solution,  ay  oneo  more  redissulving  the  priH'ipitated  red  in  an  acid,  not 
employed  in  excess,  a solution  is  obtained  which  frequently  crystallu«es,  or  from  whicli 
the  pure  red  may  be  thrown  down  by  a new  addition  of  chloride  of  sodium  or  other 
alkaline  salt. 

In  France  the  hydrochlorate,  in  England  the  acetate,  of  aniline-red  is  generally  used 
in  dyeing. 

Compogition  and  Formation  of  Anilinc-red. — Uofmann  has  shown  that  all  the  varieties 
of  aniliue-nsi  are  salts  of  an  organic  base  which  he  designates  as  rosaniline.  This 
base  is  a triamine,  C**H**N*,  capable  of  uniting  with  one  or  three  (probably  also  with 
two)  atoms  of  aci(L  Moreover  three  of  its  hydrogen-atoms  may  be  replaced  by  alcohol- 
radicles,  namely  methyl,  ethyl,  amyl,  phenyl,  and  tolyl  or  benzjd,  producing  blue  and 
violet  dyes.  Further  than  this,  its  rational  constitution  has  not  bi^n  distinctly  made  out. 
Neither  is  its  mode  of  formation  thoroughly  understood;  but  one  very  important  fact  has 
been  brought  to  light  by  the  researches  of  Hofmann,  and  confirmed  by  the  experience  of 
manufactui^Ts,  namely  that  pure  aniline,  from  whatever  source  it  may  bo  obtained,  is 
incapable  of  furnishing  aniline-rod.  Commercial  aniline  prepared  from  coal-tar  always 
in  fact  contains  toluidine  (benzylamino,  C’H*N)  as  well  as  phenylamine ; and  Hofmann 
has  shown  that  the  presence  of  this  base  together  with  aniline  is  essential  to  the 
formation  of  the  red  dye.  Toluidine  by  itself  is  just  as  incapable  of  yielding  the  rod 
ns  pure  aniline,  but  wnen  a mixture  of  pure  aniline  and  pure  toluidine  is  treated  with 
stannic  or  mercuric  chloride,  or  with  arsenic  acid,  the  rod  colouring  matter  is  immedi- 
ately produced.  Its  formation  may  perhaps  be  represented  by  the  equation : 

C«H^N  + 20’H»N  « C**H'»N“  + H«, 

Aniline.  Toluiiitne.  RoMuiline. 

(cS*)*  1 

and  its  constitution  by  the  formula  (C*H*)"  fN*,  containing  the  diatomic  radicles 

H'  i 

pbenylene  and  tolylene  or  benzylene.  (Hofmann,  Proc.  Roy.  Soc.  486.) 

Schiff  (Ann.  Ch.  Pharm.  exxv.  360;  cxxvii.  337)  has  endeavoured  to  show  that 
the  formation  of  aniline-red  depends  upon  tho  previous  formation  of  certain  compounds 
of  aniline  with  metallic  salt.s,  and  the  subsequent  decomposition  of  these  compounds, 
and  he  gives  a getifral  equation  by  which  he  supposes  this  decomposition  to  be  repre- 
sented; but  this  theory  is  manifestly  erroneous,  masmuch  as  it  takes  no  cognisance  of 
the  essential  fact  that  the  formation  of  the  red  dye  depends  upon  the  presence  of 
toluidine  as  well  as  of  aniline. 

Rosaniline  when  separated  from  the  solution  of  its  salts  by  precipitation  with  an 
alkali  exhibits  the  composition, 

C*“H*'N>0  - C“H*»N>.H*0. 

On  mixing  the  boiling  solution  of  the  acetate  with  a laiw  excess  of  ammonia,  a rose- red 
somewhat  crysbilline  precipitate  is  formed,  consisting  of  the  hydrate  in  a tolerably  pure 
state ; and  the  cnlonrless  liquid  filtered  from  this  precipitate  while  boiling,  deposits  on 
cooling  white  needles  and  plates  of  the  j>erfectly  pure  hydrate. 
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RofinniliDc  in  nearly  ioi^olublo  in  water,  (ilightly  soluble  in  ammonia,  more  soluble  in 
alcohol,  with  deep  red  colour,  insolublo  in  ether.  When  exposed  to  the  air,  it  rapidly 
becomes  rose-coloured  and  ultimately  of  a deep  red,  probably  in  consequence  of  the 
formation  of  u carbonate. 

Hosaniline  is  a rather  powerful  base,  forming,  as  already  observed,  mono*acid  and 
triiicid  salts,  almost  all  of  which  are  remarkable  for  their  bi*auty  and  the  facility  with 
which  they  crystallise.  They  may  be  pr«'pared  either  by  direct  union  of  the  acid  with 
the  free  base,  or  by  boiling  the  ammouium-salts  of  the  several  acids  with  excess  of  the 
Ikuhc. 

The  mono-acid  salts  exhibit  for  the  most  part  by  reflected  light,  the  lustrous  metallic 
^revn  of  the  wings  of  the  ruse^beetle;  in  transmitted  light  the  crystals  are  red,  becom- 
ing opaque  when  they  acquire  ceituin  dimensions.  The  solutions  of  these  salts  in 
water  or  alcohol  possess  the  magnificent  crimson  colour  which  characterises  rosaniline 
compounds.  According  to  Chevreul  (Compt.  rend.  Hit  984)  the  green  colour  reflected 
from  the  cry.^taLs  of  thi*se  salts  is  exactly  complementary  to  the  crimson  colour  which 
the  solutions  impart  to  wool  and  silk.  tri-acid  salts  of  rosaniline  are  yellowish-brown, 

both  in  the  solid  state  and  in  solution.  They  are  much  more  soluble  in  water  and 
alcohol  tlian  the  mono-acid  salts. 

The  salts  of  rosaniline  when  treated  with  reducing  agenU,  sulphide  of  ammonium  for 
example,  are  converted  into  Icucaniline  (iii.  574): 

-I-  U*  « 

RoMUiliue.  Lcucjoiliiic. 

Acetate  of  Rosaniline,  C*'H'*N".C*U*0*. — This  is  perhaps  the  finest  of  all  the 
rosaniline-salts,  sometimes  separating  from  large  quantities  of  solution  in  crystals  an 
inch  in  diameter.  It  is  very  soluble  in  water  and  alcohol,  and  docs  not  crystallise  well 
from  small  qiuuitities  of  solution.  The  crystals  when  freshly  prepared  exhibit  in  a 
liigh  degree  the  green  metallic  lustre  already  mentioned,  but  on  protracted  exposure  to 
light,  this  colour  disappears,  the  crystals  assuming  a dark  reddish-brown  tint. 

Hydrochlorates. — The  mono-acid  salt,  C *U"'NMIC1,  is  deposited  from  its  boiling 
solution  in  well-defined  rhombic  plates,  frequently  in  stellar  forms.  It  is  but  sparingly 
soluble  iu  water,  more  soluble  in  alcohol,  insoluble  in  ether.  It  retains  a small  quantity 
of  water  at  100^,  but  becomes  anhydrous  at  13U'^.  Like  most  rosaniline-salts,  it  is 
ve^  hygroscopic.  Treated  with  zinc  and  hydrochloric  acid,  it  yields  leucanilinc. 

The  tri-acid  hydrochlorate,  C^H‘*N*.3HC1,  is  obtained  by  adding  very  strong  h^'dro- 
chloric  acid  to  a warm  solution  of  the  base  in  moderately  strong  acid.  The  whole  then 
solidifies  on  cooling  to  a network  of  beautiful  brown  needles,  which  must  l>e  waslied 
with  strong  hydrochloric  acid  and  dried  iu  a vacuum  over  lime  and  oil  of  vitriol,  us 
water  decomposes  them,  reproduciug  the  mono-acid  suit.  The  tri-acid  salt  pves  off 
part  of  its  acid  at  100^,  the  brown  crystals  becoming  indigo-blue,  and  being  ultimately 
converted  into  the  green  cr^’stals  of  the  mono-acid  salt. 

Both  the  hydrociilorates  of  rosaniline  unite  writh  tetrachloride  of  platinum,  forming 
uncrystallisable  double  salts  which  appear  to  contain  2(C**H‘*K*.HC1).1^C1*  and 
2^C**H'*N*  3HCl).3l*tCl*  respectively. 

Hydrobromate  of  RosaniUne,  C*H'*N*.HBr,  resembles  the  mono-acid  hydrochlorate  in 
eveiw  respect,  but  is  even  less  soluble.  The  hydriodate,  forms  green  very 

soluble  needles. 

Ritrate  of  RosaniUne,  C*H**N*.NHO*,  obtained  by  dissolving  the  base  in  warm 
dilute  nitric  acid,  forms  small  crystals  resembling  the  other  salts  of  rosaniline. 

The  picrate  or  trinitrophenate,  C**U'*N*.C*H*(NO*)*0,  ciystullises  in  beautiful 
reddish  needles,  likewise  very  sparingly  soluble  in  water. 

Sulphates. — The  neutral  salt,  (at  130®),  obtained  by  dissolving  the 

base  iu  dilute  sulphuric  acid,  is  deposited  in  gre«*n  crystals  having  a metallic  lustre. 

TannaUs. — Tannic  acid  added  to  an  aqueous  solution  of  rosaniline,  either  neutral 
or  acid,  throws  down  the  whole  of  the  rosaniline  iu  the  form  of  an  insoluble  tannate. 
The  precipitate  formed  in  cold  dilute  solutions  has  un  intense  carmine  colour,  like  the 
carmine- lake  of  cochineal ; from  warm  concentrated  solutions  it  separates  as  a tenacious, 
pitchy,  red-brown  mass.  If  the  tannic  aeid  is  in  exc'css,  the  solution  retains  a red 
colour,  indicating  the  formation  of  a more  soluble  (di-  or  tri-acid)  salt.  The  neutral 
tunnate  is  likewise  formed  when  clotfi  mordanUHl  or  printed  with  tannic  acid  is  dippoil 
in  a slightly  acid  solution  of  aniline-red.  It  dissolves  iu  alcohol,  wood-spirit  and  acetic 
acid  with  the  deepest  crimson  colour;  in  concentrated  solutions  of  the  stronger  acids 
with  reddish-yellow  colour,  which  however  changes  to  red  on  addition  of  water,  part  of 
the  salt  being  at  the  same  time  precipitated  ; by  prolonged  boiling  writh  concentraled 
acids  it  is  decomposed.  Alkalis  decolorise  it,  but  the  colour  is  restored  by  neutralisa- 
tion with  an  acid,  AVhen  tannate  of  rosaniline  is  triturated  writh  three  or  four  times 
its  weight  of  wood-spirit  and  the  thickish  curiuiuc- coloured  mass  is  mixed  with  aquontity 
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of  nitric  or  liydrochloric  acid  (or  better  with  alcohol  wituratrd  with  hydrochloric  aciil\ 
equal  to  5’^  to  of  the  volume  of  the  wood-spirit,  the  colour  of  the  mixture— which 
dries  up  quickly  if  the  trituration  be  continued — passes  into  violet  and  finally  into  blue. 
By  duly  repula!  ing  the  proportion  of  acid,  any  required  shade  of  colour  may  be  obtained. 
As  these  blue  and  violet  colouring  matters  are  nearly  insoluble  in  water,  they  may  l>e 
freed  from  adhering  acid  by  washing  with  water.  I'or  dyeing,  they  are  dissolvt^  in 
alcohol  or  wood-spirit,  and  the  solution  is  diluted  with  water.  (E.  Xopp,  Jabresb. 
1862,  p.  694.) 

Dytinq  vnth  Aniline^rcd. — The  salts  of  rosaniline  chiefly  employed  for  dyeing  silk 
and  wool  are  the  acetate,  hydrochlorate  and  nitrate  ; their  application  is  very  simple. 
Silk  is  dyed  by  passing  it  through  a cold  aqueous  solution  of  the  salt ; for  the  dyeing 
of  wool  the  solution  is  heated  to  60®  or  60®  C.  Bosaniline  is  precipitated  from  its 
solutions  and  fixed  by  silk  and  wool,,  with  such  rapidity  and  force  that  it  is  n<*eossary 
to  operate  with  solutions  comparatively  weak  at  first  and  only  gradually  strengthened  ; 
otherwise  the  dye  will  be  unequal,  the  portions  first  immersinl  being  more  strongly 
coloured  than  the  rest.  Cotton,  on  the  other  hand,  has  no  attraction  for  this  colouring 
matter,  and  requires  first  to  be  treated  with  some  animal  mordant,  such  as  albumin, 
prepared  glutin,  casein,  lactarin  or  gelatin,  or  with  tannic  acid,  the  latter  being  used 
either  in  its  combinations  with  metallic  oxides,  as  antimonie,  stannic  or  plumbic,  or  as 
tannate  of  gelatin.  For  some  time,  oily  preparations  were  employed,  such  as  sulpho- 
margaric  or  sulpholeic  acid. 

When  a stuff  which  has  been  dyed  with  aniline-red  is  printed  with  a strong  acid, 
it  it  decolorised,  with  formation  of  a yellowish  stain  in  const*quenco  of  the  conversion 
of  the  mono-acid  salt  of  rosaniline  into  a tri-acid  salt,  which  has  but  little  colour;  but 
on  washing  the  material  with  water,  the  excess  of  acid  is  removed  and  the  red  colour  is 
restored.  On  printing  with  a powerful  base,  caustic  soda  for  example,  the  red  rosaniline 
salt  is  decomposed  and  colourless  rosaniline  is  liberated,  but  when  the  soda  is  washed 
out  with  water,  the  red  colour  reappears,  the  rosaniline  probably  becoming  carbonated. 
Ammonia  likewise  destroys  the  colour  for  a time,  but  as  the  ammonia  escapes  the  red- 
coloration  returns.  If  however  the  dyed  fabric  be  left  for  some  time  in  contact  with 
weak  aqueous  ammonia,  the  rosaniline  is  for  the  most  part  dissolved  out,  and  the 
colour  is  then  no  longer  restored  by  rinsing  with  water. 

Derivatiwt  of  liOsaniUne. 

Triethyl*roaaaiUn«i  ■■  — This  compound,  which 

yields  one  of  the  varieties  of  aniline-violet,  was  discovered  by  Hofmann  (Proc.  Rny. 
Soc,  xiii.  13;  Bull.  Soc.  Chim.  1866,  [1]  165),  and  is  known  in  commerce  as  Jlof- 
mann’s  viM.  It  is  obtained  by  heating  1 nt.  of  rosaniline,  2 pts.  iodide  of  ethyl,  and 
about  2 pts.  of  strong  alcohol  to  100®  for  tnree  or  four  hours,  in  a vessel  capable  of 
resisting  a certain  amount  of  pressure.  The  mixture  is  then  left,  to  cool,  and  the  syrupy 
violet  mass  is  dissolved  in  alcohol  or  wood  spirit.  The  resulting  solution  of  hydrimlato 
of  triethyl-rosaniline  may  be  used  for  dyeing  and  printing  just  like  the  other  anibne 
dyes.  By  using  them  in  this  manner,  however,  the  iodine,  which  is  a substance  of 
some  value,  is  lost.  It  may  be  recoven*d  by  boiling  the  product,  either  before  or  after 
solution  in  alcohol,  with  a caustic  alkali,  which  precipitates  the  triethyl-rosaniline. 
leaving  the  alkaline  iodide  in  solution.  From  this  solution  the  iodine  may  be  rtK'overed 
in  the  usual  way,  and  employed  for  the  preparation  of  a fresh  quantity  of  ethylic  iodide. 
The  triethyl-rosaniline  is  washed  with  water  till  all  the  soluble  suits  are  removed,  then 
dissolved  in  alcohol,  containing  hydrochloric  acid,  or  in  acetic  acid  more  or  less  diluted 
with  water,  and  this  solution  is  used  fur  dyeing  and  printing. 

If  the  triethyl-rosaniline  obtained  as  above  be  again  treated  with  iodide  of  ethyl, 
and  the  series  of  operations  repeated  two  or  three  times,  the  ultimate  product  is  an 
(tht/liodate  of  truihyl-rosaniline^ 

Similar  products  are  obtained  by  treating  rosaniline  with  the  iodide  of  methyl  at 
100®  or  ioide  of  amyl  at  160® — 160®. 

Other  varictifs  of  Aniline-violet. — By  heating  a salt  of  rosaniline  with  a quantity  of 
aniline  less  than  srifficiont  to  form  aniline-blue,  c.^.  equal  parts  of  h^drochlorate  of 
rosaniline  and  aniline  to  180®,  a violet  colouring  matter  is  produced,  which  was  origin- 
ally patented  by  MM.  Girard  and  De  and  is  known  in  commerce  as  violet 

imperial.  It  is  likewise  obtained  together  wilh  aniline-blue,  when  a salt  of  rosaniline 
is  lieatcd  with  excess  of  aniline  (p.  472).  Its  composition  has  not  bt‘en  ascertained, 
but  it  is  perhaps  a mixture  of  rosaniline  and  tnphenyl-rosaniline,  or  a mono-  or 
diphenylic  rosaniline. 

Another  aniline-violet  has  been  obtained  by  Kicholson.  It  is  formed  by  carefully 
heating  aniline-red  to  a temperature  between  200°  and  216°.  Ammonia  is  then  given 
off,  and  a dark  semi-sobd  mjiss  is  formed.  This  is  exlumsted  with  acetic  acid,  and  the 
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deep  violet  solution  diluted  with  sufficient  alcohol  to  give  the  dye  a convenient  strength 
fur  commercial  purpos^es. 

Jjwtly,  Perkin’s  mnuveine  must  be  regarded  as  a variety  of  aniline-violet;  but  as 
its  salts  have  a purple  colour,  it  is  best  to  designate  this  colouring  matter  as  aniline- 
purple,  the  name  originally  given  to  it  by  its  discoverer. 

Tiipbenyl-rosaalllne,  C**IP*N’  — C*n'*(C*lI*)"N*. — This  base,  the  salts  of 
which  form  the  spendid  blue  dyo  called  aniline-blue,  also  “Bleu  do -Paris,"  or 
Bleu  de  Lyon,”  was  discovered  by  G irard  and  De  Lairc,  and  its  constitution  has 
l*een  determined  by  Hofmann  (Proc.  Roy.  Soc.  xiii.  9).  It  is  produced  by  heating  a 
»alt  of  rosanillnc,  or  a mixture  of  substances  capable  of  producing  such  a salt,  with 
excess  of  aniline : e.  g. 

C*H'»N>.HC1  + 3(C*n».H*.N)  - HCl  + 3NH*. 

Hydrochlorate  of  AoUine.  llydrochlorate  of  lYi< 

RoMnillue.  phenyl-rosaniline. 

The  time  required  varies  with  the  quantity  of  material  operated  upon.  If  a mixture 
of  2 IdlogTummes  of  hydrochlorate  of  rosaniline  and  4 kilogrammes  of  anilino  bo  em- 
ployed, the  operation  is  complete  in  four  hours. 

^veral  other  colouring  matters  are  however  formed  at  the  same  time,  among  which 
are  a violet  {violH  imj)irial)  and  a green  ; large  quantities  of  ummonia  arc  also  given 
off.  The  crude  blue  is  purified  by  treating  it  succes.sively  with  boiling  water  acidulati-d 
with  hydrochloric  acid,  and  afterwards  with  pure  water. 

Triphenyl-rosaniline  isobtained  on  pouringa  concentrated  solution  of  thehydroclilomto 
in ammonincal alcohol  intownterjasawhitcorgreyishprecipitateconsistingofa hydrate. 
It  shows  a tendency  tocrrstallise,  but  has  not  hitherto  been  obtained 
in  distinct  crj'stals.  The  alcoholic  and  ethereal  solutions  deposit  it  in  the  amorphous 
state,  even  on  spontaneous  evaporation.  It  is  very  liable  to  change,  gradually  becom- 
ing blue  during  washing,  and  esjiecially  during  drying,  even  in  vacuo.  The  vacuum* 
drv  substance  heateil  to  100®,  assumes  a deep  brown  colour  which  it  retains  on  cooling; 
it  likewise  undergoes  slight  fusion  also  at  that  temperature,  but  does  not  lose  weight. 

The  salts  of  triphenyl-rosaniline  are  prepared  by  treating  the  free  base  with  acids 
Only  mono-acid  salts  have  hitherto  been  obtained.  The  solutions  treatwl  with  zinc  and 
hydrochloric  acid,  or  other  reducing  agents,  are  rapidly  decolorised  and  converted  into 
suits  of  triphenyl-leucaniline,  C”H”N"  (iii.  674). 

HydrochloraU  of  Tripkengl-rosaniline^  C**H”N*.HC1,  is  the  aniline-blue  obtained  by 
the  process  above  described.  It  is  an  indistinctly  crv-stalline  powder  of  a bluish-brown 
colour  becoming  pure  brown  at  100®.  It  is  perfectly  insoluble  in  water  whether  cold 
or  boiling,  insoluble  also  in  ether,  but  dissolves,  though  with  difficulty,  in  alcohol, 
forming  a solution  of  a splendid  deep  blue  colour. 

From  the  boiling  salurato<l  alcoholic  solution  it  is  deposited  on  cooling  in  the  form 
of  imperfect  crystalline  granules,  The  same  solution  when  ev-aponitod  leaves  it  as  a 
thin  film,  which  reflects  light  with  a peculiar  metallic,  half-golden,  half-coppery  lustre 
(Hofmann).  It  dissolves  in  strong  sulphuric  acid,  and  on  digesting  the  solution  for 
half  an  hour  at  160^  and  then  adding  water,  the  blue  colouring  matter  is  precipitated 
in  a modified  state,  baring  in  fact  become  soluble  in  pure  water.  (Nicholson.) 

The  hydrobromatr,  hydriodate^  ‘nitrate  vixi^Xfidphatf,  (C“H*‘N*)*Il’SO*,  have  also  been 
prepared.  They  rt^semble  the  hydroelilorale,  but  the  nitrate  is  perhaps  a little  more, 
the  sulphate  a little  less,  soluble  in  alcohoL 

Various  procc88>'S  for  the  production  of  Andine-hlve, — Rosanlline-.snlts  assume  a 
permanent  blue  coloration  when  boiled  with  solutions  of  aldehydes  (Lauth,  Quesne- 
ville’s  Monit.  Sclent.  [1863]  iv.  338);  or  with  crude  wood-spirit  (E.  Kopp,  ibid.  p.  332). 

Tannato  of  rosaniline  uppean  to  be  especially  inclined  to  this  change.  The 
nature  of  the  blue  colouring  matter  thus  produced  is  unknown,  but  it  is  probably 
identical  with  that  produced  by  treating  rosaniline  with  excess  of  aniline.  The  same 
remark  applies  to  a blue  dye  described  by  Gros-Ren  and  and  Schaffer  of  Mulbouse 
{ibid.  iii.  292)  under  the  name  of  Mulhovse  biuc,  which  is  formed  by  boiling  the  solu- 
tion of  a rosaniline  salt  (generally  the  nitrate)  with  a solution  of  gum-lac  uud  carbon- 
ate of  sodium. 

TrttoIyl-roftaniUne  or  Tolal<Une-bIae,  = C»»H'*(C*H*)*N*  (Hof- 

mann, Ann.  Ch.  Pharm.  cxixii.  290). — Produced  by  beating  the  acetate  (or  other 
salt)  of  rosaniline  with  twice  its  weight  of  toluidine  (benzylamine).  The  reaction  is 
precisely  similar  to  that  by  which  triphenyl-rosaniline  is  obtained  : 

C*“H'*N*  + 3C'H*N  - + 3NIP. 

Large  quantities  of  ammonia  are  evolved,  and  a brown  metallic-shining  mass  is  obtained 
which  dissolves  in  alcohol  with  dei-p  indigo  colour.  This  product  i.s  acetate  of  tritolyl- 
rosaniliiie.  When  treated  with  alcoholic  ammonia,  and  subsetpiently  with  water,  it 
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jields  the  base  from  which  yarioos  salts  may  bo  prepared.  These  salts  resemble 
those  of  triphenyl-rosaniline ; but  they  are  more  soluble  and  more  difficult  to  crystal- 
lise. The  hydrochloraU  crystallises  from  boiling  alcohol  in  small  blue  crystals  in.solu- 
ble  in  boiling  water,  and  haring  when  dried  at  100®  the  composition  C“H*^NMICL 
The  salts  of  tritolyl-rosaniline  when  subjected  to  dry  distillation,  undergo  a decom- 
position similar  to  that  of  the  salts  of  tripbenyl-roeaniline,  yielding  phenyl-tolyl- 
amine  (CH'XC’UOHN  (p.  454). 

Tolyl-diphenyl-rosanilin^  C^H'^C-H*)*(C*H*)N*,  appears  to  be  obtained  as  a 
hydrate  by  beating  phenyl-tolylamine  with  mercuric  chloride. 

AnlHne-yeUow  or  durysanillne*  — This  colouring  matter,  which 

differs  from  rosauiline  by  containing  2 atoms  of  hydroma  less,  is  obtained  as  a bye- 

Cfluct  in  the  preparation  of  unilino-red.  ^\^len  the  residue  from  which  the  rosaniline 
been  extracted  is  submittod  for  some  time  to  a current  of  steam,  a quantity  of 
chrysaniline  passes  into  solution,  and  is  precipitated  in  the  form  of  a difficultly  soluble 
nitrate  on  adding  nitric  acid  to  this  solution.  (Nicholson.) 

Chrysaniline  in  the  free  state  is  an  amorphous  yellow  powder,  like  recently  precipi- 
tated chromate  of  lead,  nearly  insoluble  in  uxiter,  but  dissolring  readily  in  alcohol  and 
in  ether.  It  forms  two  series  of  crystallisable  salts,  mono-acid  and  di-acid. 

The  di-acid  hydrochlorate,  C**H‘*N*.2HC1,  is  formed  as  a scaly  precipitate  on  adding 
concentrated  hydrochloric  acid  to  a solution  of  the  base  in  the  dilute  acid.  It  dissolres 
easily  in  water,  le.ss  easily  in  alcohol,  and  not  at  all  in  ether.  It  forms  a hydrate  con- 
taining 1 atom  of  water.  It  does  not  lose  weight  between  100®  and  120®,  but  when 
heated  for  a fortnight  to  160®— 180®  it  is  converted  into  a yellow  ciystallino  powder 
of  the  neutral  salt  which  is  somewhat  less  soluble  in  water  than  the  acid 

salt.  It  unites  with  tetrachloride  of  platinum,  forming  a chloroplatinate  which  erj’s- 
tallises  from  a dilute  solution  in  large  beautiful  tablets. 

The  nitrates  of  chrysaniline  ciy  sUillise  with  the  greatest  facility  in  mby-red  needles 
which  are  so  sparingly  soluble  in  water  that  a solution  of  nitrate  of  potassium  contain- 
ing only  1 grra.  of  nitric  acid  in  a litre,  immediately  yields  a crystalline  precipitate 
on  addition  of  a chrysaniline-salt.  The  neutral  nitrate,  C**II‘’N*.NnO*,  is  obtained  by 
boiling  chrysaniline  in  excess  with  dilute  nitric  acid;  and  the  solution  of  this  salt 
mixed  with  cold  concentrated  nitric  acid,  fields  the  acid  nitrate,  C'*H”N*.2NnO*,  in 
crystals  resembling  ferricyanide  of  potassium  and  decomposible  by  water. 

Sulphate  of  chrysaniline  is  easily  soluble  and  difficult  to  crystallise.  (Hofmann.) 
Chrysaniline  and  its  salts  dye  silk  aud  wool  a splendid  goldeD'jellow  colour. 

Schiff  (Ann.  Ch.  Pharm.  cxxvii.  342),  by  triturating  aniline  with  2 pts.  of  potassic 
antimonate  or  stunnute,  and  supersaturating  with  hydrochloric  acid,  obtained  a scarlet 
colouring  matter  soluble  in  etber-alcohol,  and  forming  with  hydrochloric  acid  a salt 
which  crystallised  from  ether  in  lamin®  resembling  cantharides,  and  yi»dded  with 
alkiilis  a deep  yellow  tiocculcnt  body  capable  of  imparting  a permanent  yellow  dye  to 
silk  and  wool. 

PHCJi  TL  AMMOyxtrMS.  Compomids  deriyable  from  ammonium,  NH*,  by  tho 
substitution  of  phenyl  or  deriratives  of  phenyl,  &c.,  for  equivalent  quantities  of  hydrogen. 


1.  Phenylammoniums  containing  only  Alcohol^radicles. 


All  the  salts  of  aniline  and  its  derivatives  described  in  tho  preceding  pages  may  bo 
regarded  cither  as  compounds  of  ammonia-molecules  with  acids,  or  of  ammonium-mole- 
cuiee  with  salt-radicles:  e.  g. 

(C‘H*)H*N.Ha  ~ (C*H»)U*N.a 

Hydrochlorate  of  Chloride  of  phenyl- 

phenjUmine.  ammonium. 


(C*H*XC'IP)*N.HNO*  « 

Nitrate  oftll'-tnyt-phenyU 
aroine. 


(C*H‘XC’H*)’HN.NO* 

Nitrate  of  rliethyUphcnyU 
ammonium. 


(C*H‘ciNy.n=so*  = (cti’cin)*so‘ 

Sulphate  of  chloro-  Sulphate  of  chloro- 

phenylamioe.  pItenjrlAmmonlum. 

But  there  arc  certain  compounds  which  cannot  be  formulated  as  compounds  of  phenyl- 
amine;  with  acids,  but  must  be  n-garded  either  as  phenylamines  combined  with  com- 
pound elher8(alcoboltc  sulphates, iodides,  &c.),  or  else  as  salts  of  phenylammoniums:  e.g. 

(c-H>xc*H")(cnp)Kcu>i  - (C«H*)(c*n")(cm‘)(cn*)N.i 

MelhyModate  of  KliyUamylo-  Iodide  of  inetiiy1-eth\i  ainylo- 

pheiijiamine.  pbenjrUimnoniutn. 


The  latter  view  affords  the  best  explanation  of  most  of  their  wactions. 

The  iodides  of  these  pUcuylummuuiums  in  which  the  whole  of  the  hydrogen  is 
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replscf^  by  alcoboUradicles,  are  obtained  by  heating  a tertiary  phenyUinine  with  an 
alcoholic  iodide  in  nealed  tube*;  thua  dielhylaniline  (C*H‘)(C’II‘)’'N,  heated  with 
iodide  of  ethyl,  yields  iodide  of  triethylo-phenyUmmonium.  The  io<!ides  thus  obtained 
when  treated  with  moist  oxide  of  silrer,  yield  the  corresponding  hydrates,  which  are 
strong  alkaline  bases  like  hydrate  of  tctrethylammonium  (ii.  561),  and  cannot  be  dis> 
tilled  without  decomposition ; the  hydrate  treated  with  acids,  yields  thHuus  salts. 

Trifthylphenylammonium^  C'*H’*N  » (Hofmann,  Ann. 

Ch.  Pbarm.  ii.) — The  hydrate^  C‘*H*N.H.O,  forms  a bitter  alkaline  solution 

which  when  evaporated  and  distilled  is  resolved  into  water,  ethylene,  and  diethyl* 
aniline : 

(C^‘XC»h‘)>N|q  _ hk)  + c»n*  + (cti‘)(c-h>)*n. 

The  chloride,  C’*H**KC1,  crystallises  with  moderate  facility.  The  chJoropirttinatf^ 
2C'*H**NCl.PtCl*,  is  a light-yellow  amorphous  precipitate  very  slightly  soluble  in 
water,  insoluble  in  alcohol  and  ether. 

The  iodidf  is  a crystalline  mass  obtained  by  heating  a mixture  of  diethylnniline  and 
iodide  of  ethyl  in  a sealed  tube  for  two  hours  at  the  heat  of  the  water-bath,  and  re- 
moving the  excess  of  ethylic  iodide  or  diethylaniline  by  distillation. 

The  siUphaUy  nitraU,  and  oxalatf  crystallise  readily. 

Methyl-ethyl'amylo-nhenyl-ammoniuvit  (CTI*XCH*XCni*) 

(0*H‘*)N. — The  hydrate  yields  by  distillation  water,  ethylene  gas  and  methyl-amyl- 
aniline : 

(C*H*XCH>)((?H‘XC‘H^')N|o  _ 1150  + cm*  + (CH*XCH*XC*H")N. 

The  chforoplatinate^  2C’*H’^NCl.PtCl\  is  a light  coloured  non-crystalline  precipitate. 
The  iodide  obtained  by  heating  ethyl-amylaniline  with  methylic  iodide  is  crystalline  and 
soluble  in  water.  (Hofmann,  Ux.  cit.) 

Etkyl'triphenylammonium^  — C*H**X  (C*H*)*^C*H*)N.  (See  p.  454.) 

2.  Phenyl-atnmoniwM  containing  Metals. 

Aniline  unites  with  several  metallic  salts,  forming  compounds  which  may  be  regarded 
as  salts  either  of  metallo-phenylamines  or  of  metallo^henylammoniums : thus  with 
mercuric  chloride  it  forms  the  compound  2C*H^N.lIg''Cl*  — C'*H'*Hg'N*.2liCl 
C‘*H'*Hg*'N*.Cl*.  The  general  formula  of  these  compounds  is : 

Mf>  ) MO  ) 

nC«H"N.M<*>X-  - (C*H»)‘>N*nHX  = (C*H»)*>N-JC-; 

• H-  3 H»*3 

in  which  M^°)  denotes  an  n-atomic  metal,  and  X a monatomic  salt-radicle  such  as  Cl, 
NO*,  &c.,  X’  being  of  coarse  replaceable  by  X^  X*  by  &c.* 

Ahtimont  - coKPOUNM.  Chloride  of  TriphenyUtibonium^  3C*H*N.SbCl*  «■ 

Sb*"  fK*.Cl*,  is  obtained  by  heating  aniline  with  dry  antimonious  chloride,  or  bv 
H«  3 

adding  aniline  to  a solution  of  the  chloride  in  benzene,  as  a white  rrystnlline 
which  is  soluble  only  in  aniline  and  separates  therefrom  in  slender  niM'dles.  It  is  de- 
composed by  water,  and  is  converted  into  a double  s;ilt  by  hydrochloric  acid.  It  melts 
at  80**,  solidifies  again  in  long  needles  and  is  partially  decompMed  by  distillation. 
(H.  Schiff,  J.  pr.  Chem.  Ixxxix.  226;  Jahresb.  1863,  p.  413.) 

Iodide  of  TriphmyUtibonium^  6tc.,Sb"(C*H*)’H*N*P,  is  produced  in  like  manner  (at 
100^<— 120°X  separates  from  the  excess  of  aniline,  in  yellow  needles  which  are  de- 
composed by  boiling  with  caustic  alkalis,  yielding  aniline,  antimonious  oxide  and  iodide 
of  potassium. 

AasRNic-cosfPOVifD.  Chloride  of  Triphnxylarsonium^  3C*H^.AsCP  = As"'( 
H'N’Cl*,  obtained  in  like  manner,  is  crystalline,  melts  at  about  90®,  and  distils  without 
decomposition  between  205°  and  210®.  It  is  somewhat  soluble  in  water,  with  separa- 
tion of  arsenious  acid.  The  corresponding  iodide  is  not  altered  either  by  cold  water 
or  by  dilute  sulphuric  acid : but  boiling  alcohol  decomposes  it,  yielding  hydrioilate  of 
iodaniline,  free  aniline  and  brown  fiochs  of  proto-iodide  of  arsenic  (Schiff,  loc.  cit.')'. 

As(C*H*)*H'N*I*  - C*H‘IN.HI  -h  2C*H'N  + Asl. 

Bbiiuth-compounds.  Chloride  of  Tripkniyl-bismuthonium,  SOlPN.BiCl*  — 

• In  the  irrnenil  foririiU  jtren  on  42*.  11“  I*  rtronromly  prIntnH  in«tr.ul  of  ll-n ; cormpondiog 
iluruUont  are  alao  requ  red  h»  the  eaample*  which  follow  un  ( he  wmr 
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Bi''(C*II*)*H*N*Cl*,  18  a fusible,  indistinctly  ciystalline  mass  wliich  is  rery  slowly  de- 
cumposed  by  water,  and  turns  violet  when  heated. 

Aniline  mixed  with  aqueous  chloride  of  bismuth  forms  a precipitate  consisting  of 
OH'N.BiClO.  (Schiff.) 

CADxiTiic-coicpouinis.  Ilesemble  the  slnc-compounds  {infra).  • 

CoppBR-coMPOt%T).  Sulphate  of  Pkfnyl-cuprammonium,  2C*H’N.Cu*SO^  » 
Cu"fC*II*)*fl*N*.SO*,  is  obtained  as  a green  crystallino  precipitate  on  adding  cupric 
Buipnate  to  a solution  of  aniline.  Boiling  water  decomposes  it,  sulphate  of  aniline  dis> 
s^jlving  and  a basic  sulphate  of  copper  being  deposited  (Gerhardt).  Aniline  forms 
with  cupric  chloride  a similar  precipitate  which  soon  turns  black  (Hofmann). 

MKBCiTBT-cojfPorxDs.  Chloride  of  Diphenylmercurammoniumf  2C*H’N.I^’C1*  => 
sometimes  called  CMoromeratraie  of  aniline^  is  precipitated  on 
adding  mercuric  chloride  to  an  excess  of  alcoholic  aniline.  It  is  a nacreous  precipitate 
which  must  be  collected  on  a filter  and  washed  with  a small  quantity  of  alcohol.  It 
gives  off  a small  quantity  of  aniline  even  at  60^,  and  turns  yellowish  (Gerhardt, 
Traite,  iii.  86).  According  to  Schiff,  it  decomposes  at  100'^,  yielding  aniline-red,  and 
a similar  rt'd  product  is  obtained  by  heating  anuine  with  mercurous  chloride  to  16U^. 
[Probably  the  aniline  used  contained  toluidine  (see  p.  dGO).*] 

Another  mercury-salt  containing  C**H‘*Hg"N*Cl*.2Hg''Cl*  or  20H’N.3Hgf'Cl*,  rises 
to  the  surface  as  a pasty  mass  when  aniline  is  mixed  with  [excess  of?]  aqueous  cor- 
rosive sublimate ; on  mixing  the  alcoholic  solutions,  it  is  precipitated  in  the  form  of  a 
soft  white  powder,  which  soon  becomes  crystalline.  It  must  oe  washed  with  water. 
When  boiled  with  water,  it  turns  lemon-yellow,  with  evolution  of  a small  quantity  of 
aniline,  and  partial  solution  of  the  salt,  which  crystallises  out  without  alteration  on  cooling. 
In  a small  quantity  of  hot  hydrochloric  acid  it  dissolves  partially  and  melts  into  a 
heavy  red  oil ; in  a large  quantity  completely,  and  yields  white  cnrstals  on  cooling.  In 
cold  water  it  dissolves  very  sparingly ; slightly  also  in  boiling  alcohol,  from  which  it 
crystallises  on  cooling  (Hofmann).  Of  the  same  composition  also  are  probably  the 
n^lcs  which  Gerhardt  obtained  by  further  addition  of  corrosive  sublimate  to  the  alco- 
holic liquid  filtered  from  the  preceding  salt,  and  which,  when  boiled  with  alcohol, 
yielded  an  orange-yellow  residue  and  a dark  yellow  filtrate,  from  which  a mixture  of 
colourless  and  orange-yellow  crystals  were  deposited  on  cooling. 

Cyanide  of  Dipkenylmercurammoriium^  2C*H’N.Hg"Cy*  ■■  Hg*'(C*H*)*H*N*.Cy*, 
separates  in  long  ne^les  on  mixing  aniline  with  a hot  aqueous  solution  of  mercuric 
cyanide.  It  melts  very  easily,  and  is  easily  resolved  into  aniline  and  cyanide  of  mer- 
cury at  80*^.  It  is  not  decomposed  by  alkalis.  (Schiff.) 

The  corresponding  iodide  is  obtain^  by  double  decomposition,  in  yellowish  lamins, 
and  is  converted  into  a red  colouring  matter  at  100°.  (Schiff.) 

The  nitrate^  Hg''(C*H*)*H*N*.2NO*,  is  formed  on  mixing  aniline  or  nitrate  of  aniline 
with  mercuric  nitrate,  as  a white  precipitate  which  becomes  crystalline  in  contact  with 
dilute  acids.  When  heated  with  water,  it  gives  np  nitrate  of  aniline,  and  is  converted  into 

wliito  pulverulent  nitrate  of  diphenyl-dimercurammonium,  ftg*(C*H*)*H*N*.2NO*.H*0, 
and  this  by  the  prolonged  action  of  boiling  water,  is  converted  into  nitrate  of  diphenyl- 

trimercurammonium,  flg*(C‘H*)*N\2NO*.H*0.  (Schiff.) 

JSitrate  of  Phenyl-mercurosammonium^  Hg(C*H*)H*N.NO*,  is  formed  by  treating 
aniline  with  mercurous  nitrate;  it  is  crystalline  and  easily  docomposible.  (Schiff.) 

Pxi.LADtuM-coHPot*ia>.  Chloride  of  Piphcnyl-palladainmonium^  Pd’'(C*H*)*H^N’Cl* 
ii  formed  on  adding  palludious  chloride  to  water  containing  aniline  in  suspension,  as  a 
light  yellow  crystalline  precipitate,  insoluble  in  excess  of  aniline.  A similar  precipitate 
is  formed  with  palladious  iodide.  (Gerhardt.) 

Tix-cokpottxds.  Chloride  of  PiphenyUiannoearMiRonium^  Sn"(C*H*)*H*N*.Cl*,  is 
formed  as  a slightly  soluble  ciystalline  mass  on  mixing  aniline  ana  stannous  chloride 
in  equivalent  proportions. 

Chloride  of  Trtraphenyletannicammoniumy  Sn'’(C*H*)*H*N*Cl*,  is  produced  by 
strongly  heating  an  intimate  mixture  of  2 at.  aniline  and  1 at.  tetrachloride  of  tin,  or 
by  dropping  aniline  into  a solution  of  the  tetrachloride  in  benzene.  It  is  a white  crystal- 
line powder  wliich  is  decomposed  by  water  with  separation  of  stannic  oxide.  \VTien 
heated  even  in  a stream  of  dry  carbonic  anhydride,  it  is  resolved,  according  to  Schiff^ 
into  aniline,  ammonia  and  roeaniline?  (see  p.  469). 

ZiJcc-coMPouNDS. — Chloride  of  Viphenyl-ztncammonium,  Zn'*(C*H*)*H*N*Cl*,  crystal- 
lises in  oblique  rhombic  prisms  easily  soluble  in  wateT  and  in  alcohol,  and  resolved  by 
prolonged  boiling  into  aniline  and  cliloride  of  zinc.  The  chloroplatinate  is  a granulo- 
crystaliine  salt.  The  bromide  and  iodide  resembles  the  chloride  in  composition  and 
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properties.  The  suiphaU,  Zn is  more  soluble  and  sonres  for  the 
preparation  of  the  preceding  salts  by  double  d»*ooinpo8ition.  (Schiff.) 

» C-H*.C»U".  (ToUcns  and  Fittig,  Ann.  Ch. 
Fharm.  exxxi.  313.) — A hydrocarbon  formed  by  the  action  of  sodium  on  a mixture  of 
bromobenz%no  (bromide  of  phenyl)  and  bromide  of  amyl,  diluted  with  benzene.  Tfao 
action,  which  is  attended  with  considerable  rise  of  temnersilurc,  is  sopn  completed,  and 
if  the  mixture  be  then  distilled,  a colourless  liquid  is  outained,  containing  pbenybamyl 
together  with  traces  of  free  amyl  and  phenyl,  and  the  benztmo  used  for  dilution;  and  by 
H lew  rectifications,  collecting  apart  llie  liquid  which  passes  over  at  193°,  the  phenyl- 
amyl  may  be  obbtined  pure. 

l*henyl-amyl  is  u transparent  colourless  liquid  having  a poculiivr  odour  not  like  that 
of  benzene.  It  boils  at  195°,  and  has  a specific  gnivity  of  0’859  at  12°.  By  oxidation 
with  vhromaU  of  potassium  and  sulphuric  acid,  it  is  converted  into  benzoic  acid. 
CMorinc  attacks  it  slowly,  with  evolution  of  hydrochloric  acid,  and  ultimately  converts 
it  into  a viscid  mass  which  exhibits  no  trace  of  crystallisation.  By  fuming  nitric  arid  it 
is  converted,  with  great  evolution  of  heat,  into  nitrophenyl-amyl, 
which  separates  as  an  oil  on  addition  of  water,  and  cannot  bo  distilled  without  decom- 
position. A certain  quantity  of  dinitropheny  1-amyl  is  however  always  formed  at 
the  same  time,  and  in  greater  proportion  as  the  temperature  is  allowed  to  rise  higher. 
Nitrophenylamyl  is  easily  reduced  by  tin  and  hydrochloric  acid,  yielding  a base  in  the 
form  of  a white  flocculent  precipitate,  which,  on  exposure  to  the  air,  quickly  assumes  a 
dark  blue  colour  and  decom{>oses. 

Bhenyl-amyl  dissolves  easily  at  a gentle  beat  in  very  strong  or  in  fuming  sulphuric 
acid,  forming  a sulpho-acid,  C"H'"SO*,  which  when  neutralised  with  barytic 
carbonate,  yields  a oarium’Satt,  C**H**IW'S*0*,  ciystallising  with  great  facility  in 
long  capillary  silky  needles,  sparingly  soluble  in  cold,  somewhat  more  soluble  in  hot 
water.  The  potassium-scit,  C”H'*KSO*,  prepared  from  the  barium-salt  by  double 
decomposition,  forms  a radio-ciystalline  mass  very  soluble  in  water  and  in  alcofaoL 
Tlie  fret  acid  separated  from  the  barium-salt  by  sulplmric  acid,  solitlifit's  in  vacuo  to  a 
radio-CTy>talline  ma.Hs.  which  deliquesc<«  \ cry  quickly  onTxposure  to  the  air,  but  forms 
a crystalline  comjwund  with  a lai^er  quantity  of  water.  It  is  a very  stable  comjh^und, 
melts  when  heated,  and  decom|x>sc»  only  at  a much  higher  temperature.  Its  aqut'ous 
Bohitiun  may  be  boiled  for  a long  time  and  evaporated  to  a thick  syrup  w'ithout  decom- 
position. On  adding  chloride  of  barium  to  a dilute  solution  mixed  with  hydrochloric 
acid,  the  large  needles  of  the  barium-salt  are  deposiU'd  in  a few  seconds,  Ch  oride 
of  calcium  forms,  only  in  a concentrate*!  solution  of  the  acid,  a precipitate  which  dis- 
solves on  heating  tlxe  liquid,  and  separates  as  it  cools  in  shining  ciy'stalline  scales. 
yUratr  of  silver  forms,  even  in  a somewhat  dilute  solution  of  the  acid,  a white  precipi- 
tate which  dissolves  in  hot  water,  and  cr)stallises  therefrom  in  large  shining  needles. 


c»n»o*) 

PHEJrYl.-ANXSA2«Il>B  or  Anwam/iVfc,  C'*n*>NO*  = C*H*  Obtained 

H y 


by  tlie  action  of  chloride  of  anisyl,  C*H’O^Cl,  on  aniline.  Crystallises  from  alcohol  in 
Htender  uei^es  which  sublime  at  a gentle  heat.  (Cahours,  Ann.  Ch.  Phys.  [3j  xxiii. 
353.) 


PHEVTlt-ARSEKTABIZO  ACXX>. 


C*H>AsNO“ 


= (AaO)-  \ 

H j 


N 

0* 


or  perhaps 


(A«0^)'^q  (B^champ,  Compt.  rend.  Ivi.  1172). — When  the  product  obtained  by 


heating  arsenate  of  aniline  is  treated  with  a solution  of  sodic  carbonate,  carbonic 
anhydride  is  evolved,  and  a viscid  precipitate  is  formed,  consisting  of  aniline  and  colour- 
ing matters,  and  the  filtered  solution,  wlien  evaporated  and  mixed  with  nitric  acid, 
deposits  phenyl-arscnamic  acid,  which  may  l>e  naidered  colourless  by  crystallisation 
from  water,  with  addition  of  animal  charcoal.  It  is  decomj>o8cd  by  heat,  dissolves 
without  alteration  in  alkalis,  but  is  decomposed  by  fusion  with  alkalis,  into  aniline  and 
an  alkaline  arsenate:  it  decomposes  carbonates,  forming  crystalline  salts.  Thcaorf/ww- 
salt,  C*H*AsN0*.  and  tho  fwlassium-salt  crystallise  in  rectangular  prisms  ; the6an'«m- 
salt  in  oblique  prisms.  The  silver-salt  is  anhydrous  aud  likewise  crystallisable.  The 
had-  and  copper-salts  are  bulky  precipitates. 


^w*^*-^**^^*^^*^^'***^-  Amides  containing  benzoyl  and  phenyl  or  its 
derived  radicles. 

C*H*  ) 

Pbenji-1»e&>amlde  or  BenxanlUdet  C”H"N0  = C^H^OIK.  (Qcrhardt, 

U j 


r 
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Ann.  Ch.  Phys.  [3]  xxxTi'i.  327-)— by  the  action  of  chloride  of  benzoyl,  or  of 
benzoic  anhydride,  on  aniline : 

(TH^Cl  + CTIMP.N  » (C«H»XC»HK»nN  + UCl. 
(Cn*0)*0  + 2(C«H\H».N)  « 2[(C‘H‘)(C^HK))HN]  + U*0. 

The  product  obtained  by  either  of  these  reactions  is  washed  with  water  and  the  residue 
is  purified  by  rc-czystullisAtion  from  boiling  aleoboL 

Pheoyl-bcnjuimidecrystallises  in  shining  scales  insoluble  in  water.  Heated  with  melting 
piftushy  it  is  resolved  into  aniline  and  benzoate  of  potassium.  When  heated  with  chloride 
of  benzoyl^  it  gives  off  hydrochloric  acid  and  is  converted  into  pheuyl-dibenzamido. 

Phenyl~nitrohenzamide  or  Hitrobcnzanilidf^  (C*H*)IC’H\NO*)0]UN,  ap- 
pears to  be  formed  by  the  action  of  aniline  on  chloride  of  nitroWozoyl  (i.  668).  The 
Hrlion  is  attended  with  great  rise  of  temperature  and  evolution  of  hydrochloric  acid, 
and  the  product  is  a solid  body,  which  crystallises  from  alcohol  in  shining  needles. 
(Bertagnini,  Ann.  Ch.  rhann.  Ixxix.  269.) 

Vlienyl-tUbeiiumlde  or  B11>enxanlllde«  C^H'*NO*  = (Ger- 

hardt  and  Cbiozza,  Compt.  rend,  zxxvii.  90,)— Prepared  by  heating  phenyl- 
benzamide  with  chloride  of  benzoyl,  removing  the  excess  of  the  latter  with  carbonate 
of  sodium,  and  rccrystuUising  the  residue  from  boiling  alcohol.  It  forms  slender 
shining  needles,  sometimes  grouped  in  rounded  graius.  It  is  but  slightly  soluble  in 
cold  ulcuhol  of  ordinary  strength. 

l>lpheajl*bczizainlde«  C'*H‘*NO  = (Hofmann,  Ann.  Ch. 

Pharm.  cxxxii.  166.) — Pnxlucc<l  by  heating  chloride  of  benzoyl  with  diphenylamine. 
It  is  a thick  oil  which  st)lidifi(^  in  the  crystalline  form  on  cooling.  By  washing  witt) 
water  and  recrystalliKation  from  boiling  al«>hol,  in  which  it  is  but  slightly  soluble, 
it  is  obtained  in  fine  crystals. 

When  treated  with  cold  nitric  acid  of  ordinary  strength,  it  is  converted  into 

C»H‘ 

phenyl-nitropbenyl*benzamide,  C*H\N0*) 

(7HH) 


rN,  a light  yellow,  easily  crystal- 


lising componnd,  which  dissolves  with  scarlet  colour  in  alcoholic  soda,  and  is  thereby 
resolved  into  benzoic  acid  and  splendid  yellow-red,  neutral  needles  of  pbenyl-nitro- 

C41*  J 

phenylamine  or  nitrodiphenylamine,  C*H*(NO*)VN. 

H S 


If,  on  the  other  hand,  diphenylbenzamide  be  treated  with  the  strongest  fuming  ni/r»'c 
acid^  a solution  is  formed  from  which  water  precipitates  a deep  yellow  crystalline  ma5s 

rC*lPfNO*)l*f 

consisting  of  dinitrodiphenyl-benzamide,  [H,  which  dissolves 


in  alcoholic  potash,  funning  a (w>Iution  of  a splendid  crimson  colour,  which  on  addition 
of  water  deposits  a yellow  cnstollino  powder,  while  pot assic  benzoate  (?)  remains  in 
solution. 

The  yellow  powder,  when  crysbilliscd  from  alcohol,  yields  reddish-yellow  needles 
with  blue  metallic  reflex,  consisting  of  dinitro-diphcnylami  ne, '•  jj >N. 


PlieDjl«tolxl«1>enxamlde  or  Plienyl-beiixyl-beasuuiildet  “ 

OH*  ) 

CHI*  [N.  (Hofmann,  Ann.  Ch.  Pharm.  cxxxii.  293.) — Produced  by  the  action  of 
C’ITO) 

chloride  of  benzoyl  on  phenyl-tolylamine  (p.  464).  The  action  is  brisk,  and  the  pro- 
duct remains  fluid  fur  a long  time,  but  when  treated  with  water,  alkali,  and  alcohoX  it 
ultimately  solidifies,  and  when  dissolved  in  boiling  alcohol,  separates  in  wcU-dcveloped 
ciystals  which  are  more  soluble  than  diphenyl-bt-nzamide. 

Pbenyl-tolyl-benzamide  is  more  easily  attacked  by  nitric  acid  than  the  diphenyl- 
compound.  On  treating  it  with  ordinary  strong  nitric  acid,  the  crystals  immiKiiately 
lx>come  fluid;  and  if  the  addition  of  nitric  acid  be  continuKl  till  they  dissolve,  and 
waliT  be  then  added  to  the  solution,  a yellow  crystalline  precipitate  is  formed  consisting 

C-HXNO*)) 

of  di ni trophony  1- tolyl-benzamideCHl*i  NO^) which  crystallises  from  boil- 

C*HH)  \ 

ing  alcohol  in  small  yellowish-red  needles.  This  componntl  dissolves  with  faint  carmine 
colour  in  ulcohulic  soda,  being  thereby  deprivtHi  of  its  bi-nzoyl-atom,  and  converted  into 
C•H^NO*) 

dibit rophenyl-tolylamine,  CH^^NO*) 
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BimtropheDyl-toljrl-benzamide  treated  with  reducing  agenta  is  conyerted  into  a baaie 
compound  which  crystallisi's  in  beautiful  white  needles. 

Fuming  nitric  acid  converts  phenyl-tolyl-benzomide  into  a nitrated  amide  which 
appears  to  contain  6 at. 

VHnm-BBWXOTX,  C**H'*0  * Thia  body,  the  ketone  of 

benzoic  acid,  has  been  already  described  as  Bbnzoke  or  Brnsophenoxb  (L  562).  It 
was  discovered  by  P61igot,  and  has  been  further  examined  by  Chancel,  and  re- 
cently byLinnemann  (Ann.  Ch.  Pharm.  cxxxiii.  1).  It  c^stallises,  according  to  Uan- 
dehm  orthorhombic  prisms  exhibiting  the  combination  P*  . Pao  . odP.  ^P®  .P . o P, 
Katio  of  principal  to  secondary  axes  = 1 : 0 8496  : 0*6535.  Angles  «P  : ®P  *» 
80®  42'  and  99-  18'.  It  melts  at  48®  to  48*5®  and  boils  at  296®  under  a pressure  of 
0'741  mm.  (compare  Chancel’s  determinations,  i.  562).  Vapour-density,  obs.  :s  6*22 
(Linnemann);  calc.  (2  vols.)  « 6*28. 

Bonzophenone  heated  with  excess  of  bromine  in  sealed  tubes  to  150®,  is  converted, 
with  separation  of  hydrobromic  acid,  into  a brominated  compound  containing  41*39 
per  cent,  carbon,  2 08  hydrogen  aud  62*18  to  62*23  bromine,  probably  therefore 
C**H'*BrK)*  which  re<juirc8  41*10  carbon,  1*97  hydrogen,  62*70  bromine  and  4*21 
oxygen.  It  dissolves  in  boiling  alcohol,  and  separates  on  cooling  as  a snow-white 
silky  mass  composed  of  microscopic  needles.  It  melts  at  125®,  cannot  be  distilled 
witliout  decomposition,  and  yields  with  sodium-amalgam  an  oil  tree  from  bromine. 
(Linnemann.) 

Benzophenone  treated  in  alcoholic  solution  with  ndphuric  acid  and  rtnc,  is  converted 
by  the  nascent  hydre^en  into  bcnzopinacone,  a substance  related  to  l^nzophenone 
in  the  same  manner  as  pinacone,  C**H'*0*,  to  acetone: 


2c»»H'*o  + n*  - c»n»»o*. 

Bsutophenooe.  Beotoplnacone. 

The  benzopinacone  is  very  slightly  soluble  in  alcohol  and  is  deposited  on  the  zinc  in 
the  form  of  a white  crust  (see  Pinaconi.) 

When,  on  the  other  hand,  benzophenone  dissolved  in  alcohol  is  treated  with  todium- 
amalgam,^  different  reaction  takes  place,  resulting  in  the  formation  of  benzhydrol, 
C’*H"  1 

> 0,  a monatomic  alcohol  capable  of  exchanging  its  typic  hydrogen 
for  alcohol*  and  acid-radicles: 


C’*n>*0  + H*  « C'>H‘*0. 


Benshydrol.  This  body  is  sparingly  soluble  in  trafer,  1 part  of  it  requiring  fur 
solution  2000  pts.  of  water  at  20®  ; but  in  alcohol,  (thcr^  chloro/omiy  beneene  or  sulphide 
of  carbon,  it  dissolves  with  facility,  and  cr}'stallises  therefrom  in  groups  of  slender  silky 
nctdles.  It  dissolves  in  alkaline  liquids  more  easily  than  in  pure  water;  a concentnited 
solution  of  caustic  potash  saturated  with  benzhydrol,  deposits  the  compound  in  the 
cr}*stalHne  form  on  addition  of  water  or  neutralisation  with  an  acid.  Benzhydrol 
melts  between  167  6®  nud  168®,  and  boils  between  297®  and  298®  under  a pressure 
of  748  mm. 

Benzhydrol  heated  with  dilute  oqueous  chromic  acid,  is  reconverted  into  Wnzopbenone. 
Fuming  nitric  Oidd  converts  it  into  dinitrobenzophonone,  C**Il*(NO*j*0.  which 
cr}*stalTises  from  boiling  alcohol  in  needles  having  a faint  cbamois-colour  and  melting  at 
129®.  With  bromine  it  yields  dibromobenzhy  drol,  C**H'*Br*0,  which  crystallises 
from  alcohol  in  a light  mass  of  white  microscopic  needles  bi'coming  soft  at  about  168® 
and  melting  at  163^. 

Benzhydrol  is  resolved,  partially  by  distillation  or  by  heating  to  300®  in  scaled  tubes, 
and  completely  by  prolonged  healing  under  the  ordinary  pressure,  into  vrater  and 
benzhyarolic  ether,  C*‘1I*^0  ™ 2C'*Il*'0  — H*0.*  The  same  d«*hydration, 
resulting  in  the  formation  of  benzhydrolic  ether,  is  effi'ctcd  by  the  action  of  chloride  or 
iodide  of  phosphorus. 

//in*' </Acr  separates  from  solution  in  boiling  alcohol  in  plumose  tufts  of 
microscopic  crystals ; it  dissolves  easily  in  btmene  and  separates  therefrom  by  spon- 
taneous evaporation  in  very  small  but  distinct  ciystals;  and  by  immersing  one  of  these 
in  the  solution  during  evajxiratioD,  larger  crystals  may  be  obtained  which  exhibit  the 
form  of  monoclinic  prisms,  -t-  P . — P , — . ( ceP®  ) . »P® . Katio  of  clino- 

diagonal,  orthodiagoual  and  principal  axes  0*6820  : I : 0*523.  Angle  of  inclined 
axes  = 81®  25'.  It  melts  at  111®,  n'maining  liquid  for  a long  time  after  cooling ; 
Ix^ius  to  volatilise  above  300''  and  boils  at  316'' under  a pre  ssure  of  746  mm.  It 

• ThU  is  the  first  known  instance  of  the  conversion  of  a nonatomic  alcohol  into  the  corresponding 
aub)drld«  or  ether  bj  the  action  of  heat  alotie. 
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diaaolTes  in  fuming  nitrio  acid,  and  is  decomposed  thereby  on  heating,  yielding  a 
nitrogenous  product;  also  in  strong  sidphuric  acta. 

BcnzhydroHc  Ethylate^  1 0,  is  produced  by  mixing  a solution  of  bonzhydrol 

in  absolute  alcohol  with  ^h  of  its  volume  of  strong  sulphuric  acid,  avoiding  rise  of 
temperature,  and  leaving  the  liquid  to  itself  for  several  days.  On  then  adding  water, 
the  ether  separates  as  an  oil,  which  may  be  purified  by  washing  with  dilate  potash  and 
with  water,  and  subeequent  rectification.  It  is  an  inodorous  syrupy  liquid,  of  specific 
gravity  1029  at  20^,  and  boiling  at  183^  under  a pressure  of  736  mm.  It  is  strongly 
refractive,  and  when  newly  prepared  quite  colourless ; but  by  exposure  to  dififusod  day- 
light for  some  time,  or  to  direct  sunshine  for  a few  seconds,  it  becomes  coloured, 
appearing  of  a fine  green  colour  by  reflected  and  faintly  yellow  by  transmitted  light. 
The  colour  is  destroyed  by  leaving  the  liquid  for  some  time  in  the  dark,  or  by  gentle 
beating,  or  by  agitation,  but  may  be  restored  by  exposure  to  Ught.  After  keeping  for 
a few  months,  however,  the  colour  disappears  alto^ther,  and  is  no  longer  restored  even 
by  exposure  to  bright  sunshine.  In  either  state,  the  liquid  exhibits  strong  fluorescenco 
when  a beam  of  light  is  transmitted  through  it  in  a dark  room,  the  emergent  light 
being  of  a bright  light  blue  colour.  Benzhydrolic  ethylate  dissolves  in  twenty  times 
its  volume  of  alcohol  of  80  per  cent.,  and  in  all  proportions  of  ether  and  bensene.  It  is 
not  altered  by  distillation  with  concentrated  bydriodic  acid.  When  fused  with  potash 
it  gives  off  a burning  with  a smoky  flame,  and  is  converted  into  an  acid  which 
is  precipitated  on  neutralising  the  alkali  with  hydrochloric  acid,  but  redissolves  with 
fiicility  m caustic  potash  or  carbonate  of  potassium. 

BenzhydrUie  AcetaUyC'^yVK)^  =>  — Produced  by  boiling  bcnzhydrol  for 

several  hours  with  glacial  acetic  acid.  It  is  precipitated  by  water  and  purified  like 
the  preceding  compound.  It  is  an  inodorous  viscid  liquid  of  specific  gravity  1*49  at 
20^,  colonrless  when  first  prepared,  but  afiTected  by  light  exactly  in  the  same  manner 
as  the  ethyl-compound.  It  remains  liquid  at  150^,  boils  at  301 — 302*^  under  a 
pressure  of  731  mm. ; dissolves  easily  in  alcohol,  ether,  and  l)encene.  Alcoholic  potash 
decomposes  it,  even  at  urdina^  temperatures,  into  acetic  acid  and  benzliydroL 

Benzhydrolic  Benzoate,  — Produced  by  fusing  3 pts.  bcnzhydrol  with 

2 pts.  benzoic  acid,  continuing  the  heat  till  the  mass  begins  to  boil  quietly,  dissolving 
the  cooled  product  in  ether,  agitating  with  potash,  and  evaporating.  The  residue  is 
then  pulverised,  washed  with  mcobol,  dissolved  in  ether,  and  the  solution  is  mixed 
with  an  equal  volume  of  alcohol  and  left  to  evaporate.  This  compound  is  not  produced 
by  treating  benzhydrol  with  chloride  of  benzoyl,  which  indeed  acts  just  like  chloride 
of  phosphorus,  prancing  nothing  but  benzhydrolic  oxide. 

licnznydrolic  benzoate  forms  trimetric  crystals  in  which  the  principal  is  to  tho 
secondary  axes  as  1 : 0*4770  : 0*6682.  They  are  usually  four-sided  prisms,  aep,  with 
angles  of  61^  and  129^,  and  terminated  by  a brachydome  with  angles  of  67^ 
30'  and  112“  30'.  It  melts  between  87*5°  and  89°;  dissolves  easily  in  ffA/rand 
benzene,  sparingly  in  cold,  more  easily  in  hot  alcohol.  It  is  decomposed  by  distillation, 
leaving  a carbonaceous  residue  and  yielding  a distillate  containing  benzoic  acid,  ben- 
zoic anhydride,  an  oily  body  slightly  soluble  in  cold  alcohol,  and  a small  quantity  of 
a hydrocarbon,  By  evaporation  with  alcoholic  potash-solution,  it  is  completely 

resolved  into  benzoic  acid  and  benzhydrol. 

Benzhydrolic  Succinate,  ■»  1 0** —Produced,  similarly  to  the 

preceding,  by  fusing  an  intimate  mixture  of  30  pts.  benzhydrol  and  9 pts.  succinic 
acid.  It  separates  from  boiling  alcohol  as  a very  light  mass  of  small  shining  scales  ; 
melts  at  141^— 142^,  and  solidifies  on  cooling  to  a transparent  amorphous  mass, 
immediately  becoming  crystalline  when  gently  heated.  It  is  insoluble  in  vater, 
sparingly  soluble  in  cold  alcohol,  ether,  and  benzene,  more  easily  when  heated.  It  bums 
with  u smoky  flame,  leaving  no  residue.  By  alcoholic  wtash  at  the  boiling  heat,  it  is 
completely  resolved  into  succinic  acid  and  benzhydrol  By  distillation  it  is  partly 
nwuived  into  succinic  acid  and  a hydrocarbon  which  may  be  called  benz- 

hydrolcne: 

C«1W<  C*H“0*  + 

Another  kind  of  decomposition  appears,  however,  to  take  place  at  the  same  time,  for 
the  quantity  of  benzhydrolene  obtained  is  but  small,  and  it  is  accompanied  by  a con- 
siderable quantity  of  an  oily  product. 

To  prepare  benzhydrolene,  benzhydrolic  succinate,  or  a mixture  of  succinic  acid 
and  benzhydrol  is  repeatedly  distilled ; the  semisolid  distillate  is  freed  from  liquid 
products  by  cold  alcohol,  from  succinic  acid  by  potash,  and  from  undecomposed 
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Wnzhydrolic  succinato  by  treatment  with  alcoholic  potAsh,  and  the  residual  product 
crystallisixl  from  boiling  benzene.  It  is  also  produced,  as  already  observed,  by  the 
dry  distillation  of  benzhydrolic  benzoate. 

Benzhydrolene  melts  at  209® — 210°.  It  is  nearly  insoluble  in  cold  afeoAo/,  and  only 
slightly  soluble  in  boiling  alcohol,  from  which  it  is  deposited  in  small  nee<lles  on 
cooling.  It  diKsolres  sparingly  also  in  tihtr^  but  easily  in  hot  bmsrne,  whence  it 
ciysullises  for  the  most  part  on  cooling.  It  does  not  combine  with  picric  acid. 
(Linuemann.) 

>H»am»«ll»'WaTXiA  HIM  Ml  Syn.  with  PhbxtL'Toltiaioxb,  or  Toltl> 

▲MILINB  (p.  454). 

>HMnrf>*BMyXT]Liaf  AJmfC,  or  rather  I)iphextl-dibb}(ZTlexb*di4V1kb  or 
DiPHBXTL-DrroLTt.EifE-DUisiXB,  (C*H*)*(C^H*)^*  (see  page  458). 

VBSJm-SBOMZSnSATXV.  See  PasKTL-twESATiKS  (p.  485). 

C«U^O) 

>HmJi TX.-BPTTB AMTPa.  C'*H'*NO  - In.  (Gerbardt,  Ann.  Ch. 

H ] 

Phys.  [3]  xxxriL  329.)— Produced  by  the  action  of  aniline  on  butyric  anhydride  or 
chloride  of  butyrrL  It  is  insoluble  in  water,  but  easily  soluble  in  alcohol  and  ether, 
and  crystallises  from  weak  lH>iling  spirit  in  beautiful  uacri-oos  lamiose.  It  melts  at 
90®,  anil  distils  without  alteration.  It  is  scarcely  attacked  by  boiling  potashdey,  but 
gives  off  aniline  when  fused  with  hydrate  of  potassium. 

VKZWTXt-OABBAJISXO  ACZB.  See  Carbaxic  Acid  (i  751). 

FBBNVXi-CAJtBAltKZBXS.  See  Carbauide  (I  755). 

FHBJnX*C8XTXA9Cm  or  Cktylaniline.  (See  Phenylahikes,  p.  450.) 

PHgyY^-CHXOBTMBEATXy.  See  PuBXTLUESATtNS  (p.  485). 

PBEirrz.-CBXtOKOC'rAirAMCXBX:.  See  Phen-ixaxixes  (p.  442). 

PBEZnrZt-CZimABCXSX.  See  CiNNAKiDB  (i.  989). 

PBnnrXt-CZTBACOirAlBXBBS.  See  Citraconic  Acm,  Amides  of  (i.  993). 

PBBJm-CITBAMZBBS.  See  Citric  Acid,  Amidf.s  of  (i,  1000). 

PHBZTYZi-BIAMZVBS.  See  Phk.vtlamix£.s  (p.  451). 

PHZZirsXZSmL  C*IP. — A liquid  having  this  composition  and  boiling  at  91°  was 
found  by  Church  (p.  415)  among  the  products  of  the  distillation  of  phenylic  chloride 
with  so^um-amalgam. 

PBBVTBBBB-BZAimrB.  C‘11'^*  - | N*  (Hofman n, Proc.Boy. 

Soc.  xi.  618;  xii.  639.) — Tliis  base  is  obtained  by  the  action  of  reducing  agenU  on 
nitniniline : 

C‘H*(KO*)y  + H*  = C*n»N*  + 2U’0, 
and  exhibits  the  isomeric  modifications  a and  3,  according  as  it  is  produced  from  a-  or 
^-nitrauiline. 

Alpha-phonylenc-diaminc  is  easily  prepared  by  the  action  of  ferrous  acetate  on  a- 
nitraniline,  or  by  the  prolonged  action  of  the  same  reagent  on  dlnitrobcnzene,  that 
compound  being  converted,  first  into  nitmuiline,  and  then,  by  a continuation  of  the 
same  action,  into  pbenylene-diamine  : 


C'U'NOM 

CH'NOM 

C'H'NnM 

NO>( 

NH»| 

NU*i 

Dinilrobensene. 

S'itrAniliue. 

Fheojlcnti-dl.ttuine. 

The  substance  colled  semibenzidam,  which  Zinin  (J.  pr.  Chem.  xxxiii.  44) 
obtained  by  the  prolonged  action  of  sulphide  of  ammonium  on  diuitrobenzene.  some- 
times in  brown  flakes,  sometimes  us  a yellow  resin,  exhibiting  the  composition  C*H*N*, 
Wiis  propably  impure  a-phenyicne-diamine. 

Befu-phenylenc-diaraine,  the  product  of  the  reduction  of  jS-nitranili no  (obtained  from 
nitrophenyl-acetamide,  &c.,  p.  418),  may  also  be  prepared  by  two  other  processes,  viz., 
a.  By  the  action  of  ferrous  acetate  on  dinitranilinc  : 

C-nXNO>;*X  + 7U»  « C‘H\N*  + NH*  + 4IIK) 

h.  By  the  action  of  zinc  and  sulphuric  acid,  or  other  powerful  reducing  agents,  on  dini- 
tnizobenzene  (i.  478),  or  dipheninc,  C*H*N‘(ii.  336),  which  is  the  first  product  of  the 
same  kind  of  action  on  dinitrazobenzene: 

C'"n“NXNO*)»  + 6H’  » 4U''0  2C*H*N’. 

U.ititidiuUocscuc.  Dipheuioe. 


Digitized  by  Google 


PHENYLENE-DIAMINES. 


481 


C*H*N*  + H*  - C*H*N>. 

Dipbcoloe*  Phetiyiru«> 

diamine. 

Tto^tu*. — AlpKa>phenylene-diamiD6  when  freshly  distilled  is  a slightly  coloured 
heavy  ^oil  which,  like  aniline,  has  a tendency  to  assume  a brown  colour  on  exposure 
to  the  air.  It  often  remains  liquid  for  days,  and  then  gradually  solidifies  to  a mass  of 
crystals  which  become  bard  and  white  by  washing  with  ether.  It  melts  at  63^,  boils 
at  near  and  distils  without  decomposition.  It  is  very  soluble  in  waUr  and  in 

akohol^  forming  solutions  which  have  a distinctly  alkaline  reaction ; much  less  solublo 
in  ether. 

*Beta-phenyleae-diamine  crystallises  much  more  readily  than  the  o-base.  It  melts 
at  140^,  boils  at  267*^.  and  sublimes  even  below  its  boiling  point,  in  splendid  crystalline 
plates  resembling  pyrogallic  acid. 

A solution  of  3'phenylene*diamine  in  sulphuric  acid  mixed  with  peroxide  of  man- 
ganese  yields  quinone,  which  distils  over  on  heating  the  mixture  and  ciystallUes  in 
the  receiver : 


C*IPN»  + 2H*SO* 

3'phcttjU 


+ Mn'O*  - 


QuldODt. 


Mn"SO<  + (NH‘)*SO\ 


Alpha^phenylene-diamine  when  siinilarly  treated  evolves  a faint  odour  of  quinone, 
but  does  not  yield  crystals. 

Both  modifications  of  phenylene-diamine  are  di-acid  and  form  salts  which  crystallise 
easily  and  well.  The  ^-salts  are  more  soluble  than  the  o-salts.  jB-phenylene- 
diamine  and  its  salts  are  remarkable  for  the  facility  with  which  they  are  converted 
into  violet  and  blue  compounds  under  the  influence  of  oxidising  agents,  such  as 
chlorine,  bromine,  chromic  acid,  ferric  and  platinic  chloride,  &c.  The  salts  of  both 
modifications  are  easily  decomposed  by  the  fixed  caustic  alkalis,  the  3 base  crystallising 
immediately,  whereas  the  a base  separates  in  oily  globules  which  only  gradually 
solidify.  The  base  is  also  separated  from  its  salts  by  ammonia,  but  rcdissolves  in 
excess,  forming  a solution  which  gradually  turns  brown  and  decomposes.  This  may 
perhaps  explain  why  the  diamine  cannot  he  conveniently  obtained  from  dinitrobenzene 
by  reduction  with  sulphide  of  ammonium. 

HydrociUoraU  of  a-pKentflene-diamine^  C*H*N*.2HC1  or  (C*H*)"H"N’Cl*,  is  very 
soluble  in  water,  but  ciyst^lisos  easily  from  concentrated  hydrochloric  acid.  The 
0’hi/drochlorate  is  also  extremely  soluble  in  water,  sparingly  in  hydrochloric  acid,  and 
crystallises  in  huge  prisma  The  a-chloropl/xtinate,  C*H'*NK^l*.rt‘*Cl*,  crystallises  in 
splendid  needles.  The  fi-$alt  of  the  same  compcMiition  forms  light  yellow  plates 
extremely  soluble  in  water  and  easily  decomposed  by  heat. 

The  $-h^drobromate,  OH*N*.2HBr,  resembles  the  hydrochlorate  in  every  respect. 
The  a-kydrobromate  and  a‘hydriodate  separate  immediately  in  crystalline  masses  on 
bringing  the  base  in  contact  with  the  respective  acids ; they  crystallise  splendidly  from 
water  and  more  especially  from  alcohol.  The  nitrate^  oxalate^  and  Midpn  jU  also  crys* 
tallisc  weU. 

Both  o-  and  B-phenylene-diamine  are  readily  attacked  by  the  alcoholic  iodides.  By 
alternate  treatment  with  iodide  of  methyl  and  oxide  of  silver  (or  distillation  with  sod.*\) 
twice  repeated,  and  one  more  treatment  with  iodide  of  methyl,  each  base  yields  a well 

crystallised  iodide  containing  C'*H**N*I*  «»  jN*.2CH*I,  or  iodide  of  hex- 

niethyl-phcnylene-diammonium  crystallising  in  plates 

extremely  soluble  in  water,  less  soluble  , in  alcohol.  It  exhibits  the  same  properties 
whether  prepared  from  a-  or  from  3-phenyleDe-diamine,  excepting  that  the  $ compound 
is  the  more  soluble  of  the  two. 

Intermediate  compounds  may  of  course  be  obtained  by  stopping  the  action  at  an 

C*H*  ) 

earlier  stage.  ^-tetramethyl-phcnylcne-diamine,  treated  with  methylie 

iodide  yields,  before  being  converted  into  the  hexmetbylated  compound  alx)ve  men- 
tioned,  a rather  difficultly  soluble  pcntamethylated  iodide  containing  C"H'*NU  » 

(CH*)*  ( : and  this,  when  treated  with  hydriodic  acid,  is  converted  into  tho 
m-iodide  of  pentamethyl-phenylene-diammonium, 

rimvr  (nI-p 

L(ch«)‘h{^j 

J)cripaiiv€4  of  Phenyiene^diamine, 

Vitropbenylen^-dlaiBliiet  C*H'N*0*  — [C*H^NO  I N*.  Azophmylamine 
VoL.  IV.  I I 
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(Gottlieb).  Nitrasophfnytamine  (Gerhardt\ — Thi«  compound,  di8<N5vcred  by 
Gottlieb  (Ann.  Ch.  Phann.  Ixxxv.  27)»  in  protiuecd  b)'  the  action  of  sulphide  of  am- 
monium on  diuitraniline : 

C«H\NO»)»K  + 3IIVS  - C-n^X*0»  4 2U»0  + S». 

“When  dinitraniline  is  l>oiled  foral)out  two  hours  with  a large  excess  of  solution  of 
sulphide  of  ammonium,  the  liquid  acquires  a dark  nal  (x>lour,  and  the  crystal  of  dini- 
tninilinc  di.sappear,  being  succeeded  by  a network  of  delicate  shining  dark  red  neetlles, 
which  {piduuilv  increase  in  quantity,  and  ar«*  likewise  abundantlv  deposited  after  the 
action  is  compleied  and  the  liquid  has  cooh’d.  The  eom|>oun<1  is  obtained  pure  by 
j»reripitating  it  from  the  hydroclilorate  or  oxalate  purifi«\l  l*y  several  crystallisations, 
and  then  rterystallising  it  two  or  tliree  times  from  hot  alctdioL 

Nitrophenylene-diamine  crystallises  in  groujw  of  long  slender  needles  having  a slight 
red  colour  when  dry,  and  exhibiting  a golden  iritlesconee  on  their  brtmiii-r  fm'es. 
"When  separated  by  ammonia  from  a saturated  solution  of  one  of  its  salts,  it  takes 
the  form  of  a dull  brick-rt*d  jsjwdi  r;  but  dilute  solutions  deposit  it  in  small,  reddish- 
yellow,  shining  plates.  It  melts  at  n high  temperature  and  volatilis*^  in  great  part 
without  decomposition,  fonuing  a woolly  sublimate.  When  suddenly  heated,  it  explodt»s 
slightly,  leaving  n residue  of  charcoal.  It  dissolves  readily  in  water,  alcohol  and 
ether,  forming  (leep  red  solutions. — Sitrou9  ocirf  converts  it  into  azonitropheny • 
leoic  acid  (p.  484). 

It  combines  with  ociV/s,  forming  mono-ncid  salts  which  are  decomposed  by  water  and 
by  alcohol,  with  separation  of  the  base  : hence  in  prq^ring  them,  it  is  necessary  to 
let  them  crystallise  in  pr<‘sencc  of  an  excess  of  acid. 

Sulphate  of  yitroplunyUnf’diamine,  (C*IPN*0*,*J1’80*,  is  obtain<*d  by  dissolving 
the  base  in  warm  dilute  sulphuric  m'id,  and  Rcpamtes  on  cooling  in  yellowish  scales, 
having  a fatty  lustre  and  containing  8-20  per  cent,  sulplfur. 

A mixture  of  the  solution  of  this  milt  with  sulphate  of  alumina,  does  not  yield  any 
double  salt  when  left  to  evaporate. 

The  Hydrochlorate,  OH’N’OMICLH’O,  may  be  prepared  by  boiling  the  crude  base 
with  dilute  hydrochloric  acid,  which  dissolves  it,  leaving  only  a residue  of  sulphur  and 
a secondary  piwluct  of  a dull  green  crystalline  as|>ect,  fuirt  of  which  also  passes  into 
the  solution.  To  free  the  salt  completely  from  tliis  impurity,  it  must  be  repeatedly 
dissolveil  in  boiling  dilute  hydrochloric  acid  and  recry  si  iiUised.  Trom  a coneentrateil 
acid  wdution,  it  separates  in  yellowish-brown  needles;  from  a dilute  solution  by  spon- 
ttneous  evaporation,  in  oblique  prisms  often  four  or  five  millimetres  in  length  and 
united  in  groups.  These  crj'stals  exhibit  a light  hrowiiish-green  colour  by  transmitted 
light,  and  a peculiar  blue  iride«t*enc«  on  some  of  their  faces  t>_v  reflected  light.  The 
arid  solution  has  a greenish-brown  colour.  The  er^'stnls  contain  1 at.  water  which 
they  give  off  at  100°,  or  in  vacuo  or  over  oil  of  vitriol  at  onlinaiy  tempenitures.  At 
100^,  however,  partial  decomposition  takes  place  and  hydnwhloric  acid  i«  given  off. 

Chlor<*platinatf,  2(C*lPN*OMICl)PtCl*. — A dilute  solution  of  the  hydroehlomfe 
mixed  with  tetrachloride  of  platinum,  does  not  yield  a double-^lt,  the  platinum  being 
reduced  to  the  metallic  slate  (Gottlieb);  but  on  adding  the  chloride  of  platinum  to 
a concentrated  solution  of  the  hydroclilorate,  the  ehloroplntinate  is  obtained  in  splendid 
long  brown-red  prism**.  (Hofmann,  Proe.  Koy.  Soe.  x.  499.) 

Cyuin^latinate,  2(C‘IPN’0-.IICy VPtCy^^H’O. — Oblaine,!  by  adding  the  erj’stal- 
lised  hydroehlorate  of  nitrophenylene-diamine  to  a iKiiling  aqueous  solution  of 
platinoej-anide  of  magnesium.  The  solution  scparaled  hy  filtration  from  a small 
quantity  of  dark  in.suluble  matter,  gradually  deposits  a mixture  of  the  cyanoplatinale 
and  the  free  base,  which  latter  may  l>e  removetl  by  digestion  with  a small  quantify  of 
dilute  hydrochloric  acid.  It  formn  large  lamiine,  having  a light  brownish-yellow  colour 
and  strong  lustre,  and  giving  of  their  water  at  112®.  They  cannot  be  recry  stall  isod 
fn,>m  water  without  partial  decomposition. 

yUrate,  C*H*N"0*.NHO\ — Warm  dilute  nitric  acid  readily  dissolves  nitrophenylene- 
diamine,  but  the  solution  soon  acquires  a dark  cedour  and  deposits  flakes,  indicating 
paitial  decomposition.  The  pure  siilt  may  however  be  obtained  by  moistening  the 
base  with  water,  and  pouring  dilute  nitric  acid  upon  it  by  small  portions : it  is  then 
immediately  c<jnverfe<i  into  a thick  magma  of  mienceoua  scales,  which  may  W fr»etl 
from  the  mother-li<pior  by  pressure  between  paper.  The  salt  thus  prepared  is  nnhy- 
dn>u8,  and  may  l>e  kept  fijr  months  over  oil  of  vitriol  without  losing  its  lustre. 

Oxalate,  20iPNH)’.(^HK)*. — Obtainc<l  by  dissolving  the  base  in  aqueous  oxalic 
arid.  From  conoeiilrdtetl  solutions  it  separates  in  yellow  needles  ; from  more  diluto 
solutions,  in  brownish-yellow  prism.s,  exhibiting  a bluish  iridescence  on  certain  faces. 
It  is  anhydrous,  and  dissolves  but  sj^iiringly  in  cold  water. 

T\\o  Aulphnte,  2C*II’N*0*. IP.SO\  is  obtained  by  dissolving  the  base  in  warm  dilute 
iulphuric  acid,  and  separates  on  cooling  in  yellowish  scale.s  having  a fatty  lu.slre. 
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(c^o*r  > 

Nitrophbxtlbkk-oxamide,  C"U*N*0*  *=  [C^H^N’O*)]"  vN*.  Ojala^ovhtnulamide 

II*  j 

(Gottlieb)^  ^itr<t20phtnyl-oxafnuU  (Gerhardt). — Whon  nitrophenylcne-diarainp 
is  dis9olv<xl  ia  excess  of  oxalic  iicid,  and  the  liquid  is  evaporated  over  the  water-buth,  a 
browuish-green  residue  is  obtained,  consisting  ptirtly  of  uitropUenyleno-oiidiamic  acid, 
and  partly  of  nitrophenylene-oxamido: 


C-H'N*0’.C»H»0‘ 

Acid  oxalnto  of  Mtro- 
^lieiiylene-diamlue. 

- II-O 

» C*H-N*0» 

KiCrophenylene-oxl* 

JUmlc-scid. 

and; 

CU’S'O* 

- I1‘0 

C*IPN>0*. 

KiirophenyleDe- 

oxamide. 

If  kept  for  some  time  at  100®  it  is  almost  wholly  converted  into  the  latter  compound, 
without  chango  of  aspect.  (Gottlieb,  Ann.  Ch.  Phanu.  Ixxxv.  38.) 

II*[C*H>(NO*)]" 

NiTKOPIIENTLBKE-OXimAMIC  AcH),  C*H’N*0'  — 

H 

phenylamic  acid  (Gottlieb).  Kitrazophaii/l‘Cxamic  acid  (Gerhardt). — The  am- 
monium'SHlt  of  this  acid  is  obtaiueil  by  treating  the  brownish-green  residue  al>ove- 
Tn<*ntioned  with  aqueous  ammonia.  It  is  sparingly  soluble,  and  crystallises  fn^m  u’hot 
aqueous  Solution  in  yellow  ncetlles.  The  ftarium-sail,  C'*lP*lia‘’N*U’*.3lI*0,  is  ob- 
taiiii**!  as  a light  orangc-coloured,  sparingly  soluble,  crystalline  precipitate  on  mixing 
the  ammonium-salt  with  chloride  of  barium.  It  retains  3 at.  water  at  100-^,  and  b«- 
cornes  anhydrous  at  160®.  By  decomposing  this  salt  with  hydrochloric  acid,  the  free 
acid  is  precipitated  in  small  light-yellow  granular  crystals.  (Gottlieb,  loc,  cU.) 

(C-HT1 

JLmoplMB7leM-4llmmlae«  C*I1*N*  <■  N " /‘N*,  or  Dtazof)cnzoUmidet 

II  i 

^ ^ 1^’  (Griess,  Phil.  Trans.  1864,  [3]  682.) — This  compound  is  produced  by 
the  action  of  aqueous  ammonia  on  perbromide  of  azophcnylammouium : 
enPN^Br*  -t-  4NH»  « C*IPN*  + 3NH^Br. 

The  action  is  attended  with  considerable  evolution  of  heat,  bromide  of  ammonium  posting 
into  solution,  and  azophenylene-diumine  sejxiniting  os  a heavy  brown  oil,  which  may  be 
nearly  decolorised  by  repeated  distillation  with  water,  then  dried  over  chloride  of 
calcium,  and  finally'  redistilled  under  diminished  pn*ssure. 

Axophenylene-diamiue  is  remarkable  for  its  narcotic  oromatic-nmmoniaeal  odour. 
It  volatilises  by  distillation  with  water,  or  when  hentM  in  a vacuum,  but  on  attempt- 
ing to  distil  it  under  the  ordinary  atmospheric  pressure  it  decomposes  with  explosive 
violence.  It  is  not  solidified  by  a frigorific  mixture  of  nitre  and  sal-ammoniac.  Alcohol 
and  ether  dissolve  it  with  some  difficulty.  Hydixw^hloric  acid  even  when  concentrated, 
and  aqueous  potash  have  no  action  umu  it.  Strong  nitric  and  sulphuric  acids  dissolve 
it  without  decom])osilion.  Nas»cent  hydrogen,  genemtetl  by  sine  and  sulphuric  acid  in 
an  alcoholic  solution  of  the  diamine,  nduces  it  to  aniline  and  ammonia : 

+ n>  - c*u'N  + 2>’U>. 

(C*H*Bp)"] 

AaobromopbeBjl«ne*Alainlaef  OU'BrN*  *«  N'"  >X*,  or  Dia:of>rom<h- 

11  i 

fttnzoiimide^  II | (Griess,  Phil.  Trans.  1864  [3]  700.) — Perbromide  of 

azobromo-phenylammonium  (p.  437)  is  converted  by  aqueous  ammonia  into  a yellowish 
oil  which  by  a single  distillation  with  water  yields  pure  azobroinophenylcnediamino. 
This  compound  generally  forms  a white  or  slightly  yellowish  mass  of  small  crystalline 
plates  which  melt  at  2u®  to  a heavy  oil.  It  is  insoluble  in  water,  rather  sparingly 
soluble  in  alcohol,  easily  soluble  in  ether  and  bi  nrene.  It  distils  readily  in  pres^mee 
of  water,  but  explode.s  feebly  whon  distilled  alone.  When  exposevl  totho  air  it  appears 
to  Tolntiliflo  gnuiually,  emitting  the  same  aromatic  ammoniacal  cslour  as  azophenylene- 
diamine.  It  resembles  tho  latter  moreover  in  its  behaviour  with  various  reagents; 
caustic  potash,  hydrochloric  acid  and  bromine  have  no  action  upon  it;  strong  sulpimric 
and  nitric  acids  decompose  it  readily. 

Nascent  hydrogim  generated  by  zinc  and  sulphuric  acid  in  an  alcoholic  solution  of  the 
diamine,  converts  it  into  bromaniliiie  and  ammonia: 

C«II‘BrN*  + IP  « C‘IPBrN  + 2NIP. 

1 1 2 


S’ 


Oxalazo- 
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By  acting  upon  pcrbromide  of  nzuhroniophenylamnionium  with  ethylaroine,  aniline, 
&C.,  corresponding  substitution  products  of  azobromophenylene-diamine  are  obtained. 

(C*H*Br)”^ 

Ethy^^<u<}~bromopheny^ene•dianiine,  N"*  vN*,  forms  a yellowish  oil  which  dooa 

C*H*  ) 

not  solidify  even  when  cooled  much  below  0^. 

The  corresponding  phenyl-compound^  N~  forms  orange-yellow  crystals. 

C*H*  ) 

(C^*Br»)"-v 

AsodltoronioplMnjlen«»diamiBe9  N*"  vN*,  is  produced  by  the  action  of 

H 1 

aqueous  ammonia  on  perbromide  of  azodibromu-phenylammoninm,  and  after  repeated 
crystallisation  from  alcohol,  forms  white  needles  which  melt  at  62^,  and  detonate  slightly 
at  a higher  temperature.  It  is  very  little  soluble  in  water,  more  soluble  in  hot  alcohol, 
easily  in  ether.  (Griess.) 

Aaoeblorophanyleaw-dlamlnef  N"  vN*,  forms  easily  fusible  crystals. 

H i 

Aso-ledp-phanjleae-dlamliiei  N"’  >N*  forms  yellowish-white  crystals 

II  ) 


which  are  easily  fusible,  and  pass  over  on  distillation  with  water  as  a yellowish  oil 
which  soon  solidifies.  It  has  an  aromatic  ammoniacal  odour  like  that  of  the  analogous 
compounds  previously  described. 

[C*n»(KO*)]") 

Aso-Bltro^beBylena-dUunliie,  C*H*N^O*  — N***  >K*.  Viaxonitro- 

H ) 


Ifentolimide.  (Griess,  Phil.  Trans.  1864,  [3]  708,  710.)— This  compound,  like  nitrani- 
line  and  all  its  other  derivatives,  exists  in  two  isomeric  modifiestions,  which  are  obtained 
by  the  action  of  aqueous  ammonia  on  the  perbromides  of  a-  and  ^azonitrophcnylam* 
moniun.  The  o-componnd  crystallises  in  orange-coloured  needles  which  melt  at  52®. 
It  is  somewhat  soluble  in  hot  water,  from  which  it  ciystallisca  on  cooling  in  whitish 
needles.  It  has  somewhat  of  the  odour  of  nitrobenzene. 

The  iS-compound  is  obtained  by  repeated  ciystallisation  from  hot  alcohol  in  very  bril- 
liant yellow,  rounded  plates,  which  are  so  soluble  in  hot  alcohol  that  a saturated  solu- 
tion deposits  a magma  of  crystals  on  cooling ; they  also  dissolve  as  readily  in  ether. 
In  boiling  water  they  melt,  forming  a yellow  oil  but  slightly  soluble  in  water,  the  dis- 
solved Mition  yielding  very  fine,  almost  white  crystals  on  cooling.  The  crystals 
obtaineu  by  recrystalhsation  from  alcohol  melt  at  71®,  a temperature  much  higher 
therefore  than  the  melting  point  of  the  a-compound.  The  /8-compound  explodes  when 
heated  a little  above  its  melting  point. 

AwBiiStroplieiijleaio  aetd.  (Hofmann,  Proc.  Hoy.  Soc.  x.  496.) — This  acid, 
isomeric  or  metameric  with  azonitrophcnylene-diamine,  is  producr*d  by  the  action  of 
nitrous  acid  on  nitrophenylene- diamine,  the  change  consisting,  as  in  other  cases  of 
nitrous  substitution,  in  the  replacement  of  3 at  hytbt^en  by  1 at.  nitrogen: 


C«U»NK)*  + NHO*  - 2H»0  + C\H«N"’)N»0* 


On  passing  a current  of  nitrous  acid  gas  into  a moderately  coucentmted  solution  of  nitrate 
ofnitrazophenylene-diamine,  the  liquid  becomes  slightly  warm,  and  on  cooling  depoeitsa 
considerable  quantity  of  briliiant  white  needles,  which  are  sparingly  soluble  in  cold, 
e4vsily  in  boiling  water,  and  may  be  purified  by  two  or  three  recrystallisations. 

The  acid  thus  purified  forms  long  prismatic  crystals,  often  interlaced,  white  as  long 
as  they  are  immersed  in  the  liquid,  but  assuming  a slightly  yellowish  tint  when  dried] 
especially  at  100®;  they  dissolve  readily  in  alcohol  and  in  ether.  It  melts  at  211®  and 
sublimes  in  prismatic  crystals  with  partial  decomposition  at  a somewhat  higher  tem- 
perature. It  is  remarkably  stable  and  may  l>e  boiled  either  with  potash  or  with  hydro- 
chloric acid  without  undergoing  any  change ; neither  is  it  decomposed  by  passing 
nitrons  acid  gas  into  the  aqueous  or  alcoholic  solution. 

The  crystals  have  a distinct  acid  reaction,  and  dissolve  at  a gentle  beat  in  potash  or 
ammonia,  without  however  neutralising  these  liquids  The  acid  also  dissolves  in  alka- 
line carbonates,  but  without  expelling  the  carbonic  acid,  lihe potassium-xalt  contains 
C^fl’KN^O*,  and  iho  sili^er-xalt  C*II*AgN*0’. 


>H»M ACZ».  Sec  Sclphavic  Ethers. 

C*H‘*  - C*H*CW.  (Tollens  and  Fittjg,  Ann.  Ch. 
Pharm.  czxxi.  310. — Fittig,  ibid,  cxxxiii.  222.) — This  compound,  isomeric,  but  not 
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identical,  with  xvlene(7.  v.\  is  obtained  by  the  action  of  sodium  on  a mixture  of  bromo- 
benxcDC  (bromide  of  phenyl)  and  bromide  of  ethyl,  diluted  with  pure  other.  The 
action  is  rather  ene^etic  and  requires  to  bo  moderated  by  external  cooli^.  The  distillate 
after  l>eing  freed  from  ether  coD.sists  almost  wholly  of  phenybetbyl,  with  only  traces  of 
free  ethyl  and  phenyl. 

Pheuy  l-othyl  is  a colourless  mobile  liquid,  rery  much  like  toluene  and  boiling  at  1 33®. 
By  oxidation  with  chromate  of  wtassium  and  sulphuric  acid  it  is  converted  into  ben* 
soic  acid  (xylene  treated  in  too  same  manner  yields  terephthalic  acid,  C*H*0*). 

Bromine  acts  slowly  on  phenyl-ethyl,  with  rise  of  temperature  and  evolution  of  hydro* 
bromic  acid,  and  forms  a heavy  colourless  transparent  liquid,  boiling  at  200®,  uud 
exhibiting  the  composition  of  monobromophenyl-ethyl,  C*J{*Br.  Heated  in 
sealed  tubes  with  excess  of  bromine,  it  is  converted  into  a heavy  viscid  oil  consibting 
of  a mixture  of  several  more  highly  brominated  compounds. 

Phenyl-ethyl  treated  with  fuming  nitric  acid  in  a vessel  externally  cooled  is  converted 
into  mononitropheny  1-ethyl,  C*H"(NO*),  which  when  precipitated  by  water  and 
purified  by  washing,  drying  over  chloriae  of  calcium,  and  rectification,  forms  a light 
yellow  oil  heavier  t^n  water  and  boiling  without  decomposition  at  233®  (nitroxylene 
is  decomposed  by  distillation).  It  is  easily  reduced  by  tin  and  hydrochloric  acid,  y\Ad» 
ing  the  hydrocblorate  of  a base  which  in  the  free  state  forms  a colourless  oil,  turning 
brown  on  exposure  to  the  air,  but  not  solidifying.  The  oxalate  of  this  base  crystallises 
in  large  colourless  needles,  only  slightly  soluble  in  cold  water.  The  chlorojdatinate 
crystallises  in  shining  scales. 

Hiuitrophenyl-etbyl,  C*H*(NO*)*,  is  produced  by  heating  the  mononitro-com- 
pound  with  nitric  acid,  or  when  phenyl-ethyl  is  gradually  dropped  into  a mixture  of 
2 vol.  strong  sulphuric  and  1 vol.  fuming  nitric  acid,  and  the  clear  liquid  is  gently 
heated.  It  then  separates  on  the  surface  as  a yellow  oil  which  cannot  be  distilled,  but 
may  be  purified  by  washing  with  water,  solution  in  alcohol,  and  drying  over  sulphuric 
acid.  It  then  forms  a light  yellow,  perfectly  transparent  oil,  which  dissolves  in  Ixiiltr.g 
alcohol,  separates  almost  completely  on  cooling,  and  is  decomposed  by  distillation. 

Trinitrophenyl-ethyl,  C"H^(NO*)*,  is  produced  in  small  quantity  in  the  pre- 
paration of  the  dinitro-compound,  as  above  described;  and  the  latter  may  be  almost 
wholly  converted  into  the  trinitro-compound  by  dissolving  it  in  a mixture  of  strong 
sulphuric  and  fuming  nitric  acid,  boiling  the  liquid  for  an  hour  with  repeated  addition 
of  fuming  nitric  acid,  then  adding  sufficient  fuming  nitric  acid  to  dissolve  the  oil  which 
has  risen  to  the  surface,  leaving  the  solution  to  itself  for  24  hours,  and  then  pouring 
it  into  water.  The  trinitro-compound  thus  prepared  is  an  oil  resembling  the  uinitro* 
compound,  but  still  more  viscid,  and  exhibiting  no  traces  of  crystallisation,  even  after 
long  standing.  (Xylene  is  easily  converted  by  fuming  nitric  acid,  even  in  the  cold, 
into  a crystalline  trinitro-compound.)  It  is  r^uced  by  sulphide  of  ammonium  to  a 

base,  probably  |N*,whichciy8taUisesfromboiIingwaterinorange-yellow 

lamin»,  and  forms  a hydrochlorate  easily  soluble  in  water,  alcohol  and  ether. 

Phenyl-ethyl  dissolves  quickly  in  gently  heated/uminy  sulphuric  acid,  and  the  solut  ion 
if  left  to  itself  for  some  time,  deposits  slender  colourless  needles  of  a sulpho-acid, 
C"H**SO*,  very  deliquescent,  having  a strongly  acid  and  bitter  taste,  melting  when 
heated,  and  blackening  at  a higher  temperature.  The  same  solution  neutralised  with 
carbonate  of  barium  yields  a very  stable  barium-salt,  which  crystallises 

ill  beautiful  stellate  groups  of  fiat  silky  needh'S,  much  less  soluble  than  sulphotuluylate 
of  barium  ; it  does  not  suffer  any  loss  of  weight  at  150®.  The  calcium-salt  of  the  same 
acid,  C'"H**Ca"SK)*,  is  very  soluble  in  water,  and  is  obtained  by  spontaneous  evapor- 
ation as  a shining  translucent  saline  mass. 

V BSVT^BTU  I &AMZWaS.  See  Ethtl-anilixb,  &c.,  under  PuEKTLAMurBS 
(p.  4S0). 

rHOm-rOKMAimSB  or  rosin AVZX.Z9B.  See  Forkamide  (ii.  682). 

PKnrruo  AOZS.  Syn.  with  Phenol. 

rammxitx  or  Bsirzon.  Syn.  with  Phentl- benzoyl  (p.  478). 


rBEMTTZ.ZSB  or  BUZiPBOPBEim.  See  Si'LPUO-bknzide. 
PBBmrii-XlKZSATIirS.  Compounds  produced  by  treating  isatin  (iii.  406), 
bromisatin  and  chlurisatin,  dissolved  in  boiling  alcohol,  with  aniline  and  its  substitution- 
derivatives.  Their  relations  to  imesatio  (iii.  246)  and  their  mode  of  formation  are 
exhibited  by  the  Iblluwing  equations ; 

CH‘N'0  = eiPNO’  + NH«  - H'O 


Imetatin. 

Fhcnjliineiathi. 


Katin. 


C«H»NO« 

Kalin. 


+ 


OH’N  - 

Aniline. 


H’O 
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C»*n*BrX'0 

Phenyl-nrom- 

lmcs.ttin. 

** 

C'IPBrKO’ 

firoraiAAtin. 

-»• 

Aniline. 

IPO 

C'*1I'C1X*0 

Pbenyl-chlor- 

tmftatin. 

“ 

CIPCIXO’ 

Chloris.itui. 

+ 

CTI-X  ^ 

Aniline. 

no 

C"H*BrN'0 

Bromoph^njl- 

in>eMtin. 

CH*X0* 

U4tln. 

+ 

C'H'BrX  - 
Broni  aniline. 

IPO 

C‘ipnN’0 

Chloroplirnyl- 

imrutiii. 

*= 

C“H'XO» 

Uslin. 

-t- 

C^*CIN  - 

Cbloraailine. 

H-0 

Tho  compounds  thus  formod  crystallise  from  the  alcoholic  solution  on  cooling  mostly 
in  yellow  or  orange-yellow  neodUs.  They  are  insoluMe  or  sparingly  soluble  in  water, 
easily  soluble  in  hot  alcohol.  Wlien  treaUnl  with  acids  at  the  boiling  heat,  they  are 
resolved  into  isalin,  bromisatin  or  chlori.satin,  which  is  precipitated,  and  a salt  of 
aniline,  chloraniline,  or  bromaniline  which  remains  in  solution.  With  alkalis  they 
yield  u soluble  isatate,  bromls«itate,  orchlorisatatc,  with  separation  of  aniline,  bromani- 
line  or  chloranilinc.  Isatin  treated  with  nitraniliue  or  tribromaniline  does  not  yield 
corresponding  compounds  (Kngelhardt,  J.  pr.  Chem.  Ixv.  260).  See  also  Gmclin's 
Jhndf>ot>^ (xiii.  83). 


PBSSm-ZTACOXrAKXC  ACZS. 
PHEBTZ>-ZTACOBiUIXXl>E. 


See  ItAD>yic  Aai)  (iii.  435). 


PKZnrrZ.-MAl»AMZC  ACXO.)  Xf  A T>  4 

PHENYX-M&1.ABIXID&S.  [ I Ahiobs  ..r  • 

(iii.  797). 

pazOTTZi-MaACAPTAK.  See  rBK.XYi^  Sclphydratk  of  (p.  418). 


PM»BTl>-aaiTHTlM  eil“  “ C’lP.CH*.  (Tollens  and  Filtig,  .\nn.  Ch. 
Pharni.  cxxxi.  3U4.) — Produced  by  the  action  of  sotlium  on  a mixture  of  bromolfen- 
seno  and  bromide  of  metliyl  diluttnl  with  pure  anhydrous  ether,  in  a vessel  externally 
cooled.  The  distillate  is  freed  from  ether  by  heating  it  in  the  water-bath  to  60®,  and 
then  rectifie<l  two  or  three  times  in  contact  with  sodium. 

Phenyl-methyl  is  a transparent  colourless  liquid,  smelling  like  benzene,  haring  a 
specific  gTHvirv  of  0*881  at  6®,  and  boiling  jx)int  U P,  which  is  tho  same  as  that 
Bssignod  by  wilbrand  and  Beilstein  (Ann.  Ch.  Pharm.  cxxviii.  259)  to  f4>luene. 
In  fact  phenyl-methyl  appears  to  l>e  identical  in  every  wspecl  with  toluene  obtainetl  from 
coid-tar(i.  674).  It  is  converteti  by  fuming  n»fnc<icfrf  into  a nitro-compound, 
haring  tlie  jxruliar  bitter-almond  <xlour  of  nitrotoliiene,  l»oiHng  at  222® — 223® 
(nitrotoluene  boils  acconling  to  Derille  at  226®,  acconling  to  Wilson  at  220® — 226®); 
and  converted  by  sulphitleof  ammonium  into  a crystalline  base,  C'lPN,  having  nil  the 
pro|)erties  of  orainary  toluidine  or  btnzyhimine  (i.  676).  I*henyl-methyl  dissolves  m 
fuming  sulphuric  fonning  sulphotoluylic  acid,  C’H\SO*;  and  (like  toluene) 
it  is  converted  by  oxidation  with  au/jikuric  acid  and  ckramaic  of  potoi-sium  into 
benzoic  acid. 

In  its  identity  with  tolnene,  phenyl-methyl  differs  remarkably  from  phenyl-ethvl 
and  phenvl-amyl,  the  fornn  r of  which  is  isomeric,  but  not  identical  with  xyl^^ne,  tho 
latter  with  cumene. 


See  MKriiTLAXiUNT.,  &c.,  under  PuBxviJk- 

MINES  (p.  463). 

PB£Xm-I7AFaTBn»SVZ>PBOCAR8A»m>E. 

or  i<lontical  with  sulphocyanate  of  phcnjl-naphtlijlammonium  (ace  Xafuthvijisiime, 

p.  22). 


N*.  Iwmcric 


FBZim-M'mOBBVZABCXBlI.  Sec  Piie.vtl-iib.vu«ii>k  (p.  47C). 
FHBVTX.-OXBXimAMZSB.  Sec  0.\.u.i-iUMiUE  (p.  278). 
FHSHTXr-OXBMIC  ACXB.  ScD  Ox.v»IC  Etiiebs  (p.  282). 


FBSimi-FBOBFBAINCIC  ACIB.  See  PiiosrnAMic  Acin, 


FBBBYB-FBOSFBAIBXBX.  See  Puosi'iUMinr.. 

FBBirTI.-FBTBAX.AMXC  ACXB.) 
FBBlrTX.-FBTBAX.XMXBB.  J 


See  PuTii.ujc  Acm,  .Amioks  of. 
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PHSK7X.-PT&OTARTRAMZO  AOZB. 
PBXarrX.-PTJlOTARTRAMZDE. 

OF. 


Sro  PvBi)TAUTAnic  Acin,  Amidm 


PBEBTZ.-8AZ.ZCTZIAKZOB.  See  Salicylamidbs. 

PBZarTZ^SimO'AnXZBE.  See  .Six.VAUiNR, 
PBEN7Z.-STZIARAMIBZ].  Sec  Stkakic  Ahd,  Ahidka  of. 

PBZnrSX-SlTBXlBAMZC  ACZB.j 
PB£lTTZ.-SnBZiaAiaZX>ZL  ( 

PBZirrXt-SVCCZBAMZC  ACZB.- 
PBZUrTZr-SUCCZBAMZBB. 
PBSWTZ.-SUCCZBZMZDB. 

PBBB7X»-8VXPBAMZC  ACZ1>. 


See  SrnKBic  Aa»,  Amidf.s  of. 

y See  Sucasic  Acm,  Amides  of. 
I 

See  SoLPUAMic  Ethkus. 


PBBSr7Z>-sn»PBOCAJtaABCZOS8.  See  Cardamidr  (i.  75C). 

PBBVra-StTBPBOPBBH  YJUAPCZBSi*  See  SuLpuuruRXYi.AMiDR. 

PBSByXi-SITXtPBUBXC  ACZB.  See  Sulphuric  Ethrrs. 

PBmrTZf-SBXfPBUBOVB  ACZB.  See  Sulphcbous  Etiif.us. 

PBEI7TZ.-TABTRA1BZC  ACX3>.) 

PBEBTXi-TABTJlAMZZIfi.  > See  Tautauic  Acid,  Amides  uf. 

PBEiinrxH.TARTBziazi>z:.  3 

PBXBT^TBXOBXZa’AnZZKB.  See  TuiosiKAMIXR. 

PBEBTZ»TOX.TZ.AMmB.  Sco  Phexti„\mixe5  (p.  451). 

Pa£X7Yl.-iniiEAS.  See  Cabhamidb  (i.  755). 

PBBBTXi-VAX«BBAMZZ>Zl.  See  Valbramidb. 

PBZZiZiXP8ZTB«  Lime-harmotome  (sec  Harmotomb,  iii.  13). 

PBZXX7GBBXB.  C^'IP'O".  (Eertagn  ini.  Ann.  Ch,  Pharm.  xcvii,  109.)— A 
resinous  substance  produced  by  boiling  philiyrin  with  dilute  hydrochloric  acid,  or 
better,  bv  the  lactic  fermentation  of  philiyrin.  It  ciystallises  readily  in  a white  nacri*ous 
mass.  It  is  insoluble  in  cold  watfr^  verj'  little  soluble  in  boiling  \rat»T,  but  dins^dvea 
easily  in  b/coW  and  It  is  polymeric  with  saligeuin  : C**1P'0*  = 3CUPO*. 

With  chlorine^  hrominf.  and  «i7r/c  acid,  phillypenin  forms  aubstitutioiDderivatirea 
similar  to  those  obtained  in  like  manner  from  pliillyrin  (De  Lucu).  Monottrupkdly- 
gcniiif  C^’lI^UrO*,  crystallises  in  shining  needles. 

PBZX«Z(7BIB.  (Caropona,  Ann.  Ch.  Pharm.  xxiv,  212. — Per- 

tngnini,  ihid,  xcii.  109. — De  Luca,  ioid.  cx\*iii.  124.)— A substance  contained  in 
bark  of  Phdlgrea  latifofia,  whence  it  is  extracted  by  treating  the  aijueous  decoction  of 
the  Iwirk  with  qiiick-lime  or  oxide  of  lead,  evaporating  the  filtrate,  and  leaving  it  to 
crystalUse.  Aoconling  to  De  Luca,  the  raother-liqnor  contains  mannite. 

Piiiilvrin  i.s  white,  crystalliaable,  inodorous,  bitter,  s|»aringly  soluble  in  cold  water, 
more  soluble  in  boiling  water  and  in  alcohol  (Campon  a).  1 pt.  of  philiyrin  dissolves  at 
9®  in  1300  pts.  water,  and  in  40  pts.  alcohol  (De  Lucn\  It  is  nearly  insoluble  in 
ether,  quite  insoluble  in  oils  both  fixeii  and  volatile  (Ciimpona).  It  melts  at  160® 
to  a colourless  liquid,  which  begins  to  decompose  at  250®.  (De  Lnca.) 

Accopfiing  to  llertagnini,  the  formubi  of  crystnllised  philiyrin  is  C*'H*‘0*’.3^H*O 
(analysis,  57-66— 57‘8H  C and  6-63-6-S2  II ; calc.  5775  C,  6 C3  H and  35'G2  O). 
The  water  of  crystallisation  is  given  off  between  50®  and  60®.  Acconling  to  De  Luca, 
the  amount  of  water  in  pliillyrin  varies  accorfUng  to  the  humidity  and  temperature  of 
the  air,  and  it  is  all  given  off  nt  onlinary  temperatures  over  sulphuric  acid  or  in  a 
stream  of  dry  air.  I’liillyriu  melts  at  about  160®  to  a colourless  mobile  liquid.  By  boil- 
ing with  dilute  it  is  transformed  into  phillygenin  and  glucose: 

c’-n>'0"  + n=o  « c*'ir-‘0«  + mx'-o\ 

PhlUrrit).  riiillygeiiin.  Glucose. 

It  undcrgoe.s  the  same  transformation  by  lactic  fermentation.  Synaptaae  has  no  action 
upon  it,  (Bertagnini.) 

Stdphuric  acid  first  dis«)lTC8  it  with  nxl  colour  and  then  decomposes  it  (Campona). 
I)ilut<’  nitric  add  forms  w’ifh  it  yellow  silky  crystals  ; with  a less  dilute  acid,  crystal- 
line grains  are  obtaine<l;  with  strong  boiling  nitric  acid  the  products  are  oxalic  acid, 
and  a substance  which  crystallises  in  yellow  shining  laminre  (Bertagnini).  Accord- 
ing to  Df  Luca,  it  forms  mono-  and  di-nitro-phillyrln. 
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PIILEGMA— PIILORAMINE. 


Chlorine  and  bro7nine  traoRform  phillyrin  into  Bubstitntion*deriratire8  containing 
1 and  2 at.  chlorino  and  bromine,  and  capable  of  splitting  up,  like  phillyrin  itself,  into 
glucose  and  chlorinated  or  brominated  derirativea. 

PHI>EOMA«  An  old  name  for  the  watery  residue  left  in  the  distillation  of 
spirituous  or  acid  liquids. 

PBUClkC.  See  Grasses  (i.  943). 

PBZiOBAPBSra.  (From  bark,  and  $d<pv,  colour).  A brown  substance 

obtained  from  the  bark  of  c<Tt«in  trees,  Pimu  eyivrstris,  Phianus  aceri/oiia, 
China  Jlava  and  Dttula  alha.  It  is  said  to  have  the  composition  C’*H*0*,  and  to  form 
a hydrate  containing  ^ to  |at.  water.  (Uofs  tetter  and  St  a he  1 in,  Anu.  Ch.  Pharm. 
li.  03. — Ilandw.  d.  Chem.  vi.  226.) 

PBEOaxSTOir.  See  CoKiivsTioif  (i.  1089),  and  Qas  (ii.  774—782). 

PBXtOOOFXTS.  Rhombic  Mica  (see  Mica,  iii.  1012). 

PHZ.OBAHIX1BS.  C*H’NO*  = (Hlasiwetz  and  Pfanndler, 

Ann.  Ch.  Pharm.  cxix.  202.) — A compound  produced  by  the  action  of  ammonia  on 
pliloroglucin : 

C*H*0*  + mV  « C‘H’NO*  + 11*0. 

Phlopc^lucin,  over  which  drj'  ammonia  gas  is  passt^,  absorl»s  large  quantities  of  it, 
and  meU.s ; and  if,  as  soon  as  the  formation  of  water  has  ceased,  the  result!^  crystal- 
line mass  be  dissolved  in  warm  water,  ciystals  of  phloramine  are  obtained. — The  brown 
solution  of  pliloroglucin  in  5 pts.  warm  aqueous  ammonia,  depc^its,  after  standing  for 
some  time,  crystals  which  must  be  purified  by  n'ciystallisatiou  from  warm  water,  and 
dried  as  quickly  as  possible  in  vacuo  over  oil  of  vitriol. 

Phloramine  forms  thin,  delicate,  micaceous  lamias,  which  separate  from  the  filter 
in  the  form  of  a film  having  a silky  lustre.  It  has  a slightly  astringent  taste,  and  is 
permanent  in  dry  air.  It  is  sparingly  soluble  in  cold  tcaier,  easily  soluble  in  alcohol, 
insoluble  in  ether, 

Dreompoeitions. — 1.  Phloramine  heated  over  the  water-bath  acquires  a lemon-jellow 
and  ultimately  a dirty  brown  colour,  losing  weight  at  the  same  time  and  becoming  in- 
soluble in  water. 2.  Phloramine  either  moist  or  dissolved  in  water  toms  brown  when 
exposed  to  the  air. — 3.  Fuming  nitric  acid  acts  violently  on  phloramine,  producing  a 
yellowish-red  solution  from  which  dark  brown  crystals  separate,  probably  a nitro-compound 
The  same  crvstals  are  produced  when  nitrate  of  phloramine  is  kept  in  the  moist  state. 

4.  When  phloramine  is  heated  over  the  water-bath  with  oil  of  vitriol^  a conjugated 
sulphuric  acid  is  formed,  whose  barium-salt  c^stallises  in  needles.  This  barium-salt, 
and  the  solution  obtained  by  heating  phloramine  with  oil  of  vitriol,  dilating,  nentral- 
ising  with  carbonate  of  barium,  boiling  and  filtering,  aconires  a fine  violet  colour  on 
addition  of  ferric  chloride,  even  if  the  liquid  is  very  dilute.  By  chlorate  of  potae^ 
§ium  and  hydrochloric  acid,  phloramine  is  converted  into  a dark  brown  resin  which 
gnidually  becomes  lighter  in  colour,  and  when  distilled,  gives  off  a small  quantity  of 
oil  having  an  intensely  strong  odour  (perhaps  chlorinated  acetone)  and  leaves  a resin. 
No  chlonvnil  is  formed  in  this  reaction. — 6.  When  ammonfacal  phloroglucin  is  exposed 
to  the  air,  the  phloramine  formed  in  the  first  instance  disappears,  ana  the  liquid  dries 
up  to  a black  shining  brittle  mass,  which  dissolves  in  aqueous  ammonia  and  is  thrown 
down  by  acids  as  a black-brown  precipitate. — 7.  By  aqueous  alkalis,  phlommine  is 
coloured  dark  and  decomposed. — 8.  The  solution  does  not  colour  ferric  chloride  or  form 
a precipitate  with  neutral  acetate  of  lead  or  nitrate  of  silver ; neither  does  it  reduce 
silver  from  its  solution  when  heated  therewith. 

Phloramine  unites  with  acids,  forming  salts  which  crystallise  well,  and  arc  all  soluble 
in  alcohol. 

Acitate  of  Phloramine. — The  solution  of  phloramine  in  glacial  acetic  acid  dries  up  to 
a yellow  varnish  without  forming  crystals.  When  water  is  poured  upon  it,  there  re- 
mains a yellow  powder  which  when  heated  partly  melts  to  u resin  and  partly  dissolves. 

Hydrochlorate,  C*H’N0*.HC1. — Phloramine  on  wliich  strong  hydrochloric  acid  is 
poured  crumbles  to  a sandy  powder  which  dissolves  when  heated,  and  separate.s  on 
cooling  in  yellow  shining  lamina*,  perhaps  consisting  of  the  anhydrous  salt.  After 
solution  in  water,  white  needles  and  lamimo  are  slowly  obtained,  which  turn  yellow  at 
100^  and  give  off  1016  per  cent,  water  (1  at.  = 10  02  per  cent). 

Fitrate, — Phloramine  dissolves  rapidly  in  warm  moderately  concentrated  nitric  acid, 
thf  solution  yielding  the  salt  in  shining  bronze-coloured  lamina*  and  needles. 

The  oxalate  is  a crystalline  salt. 

iSuliihate,  2C‘ll*N0*.ll’i50*, — A solution  of  phloramine  in  dilute  sulphuric  acid  yields 
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by  spontaneons  evaporation,  lone  yellowish  brittle  needles,  which,  when  heated  over 
the  water-bath,  acquire  a bright  yellow  colour  and  give  off  9 38  per  cent,  water 
(2  at  = 9'37  per  cent). 

H*  ■)  JT 

YB&OUITAatXC  AOXS.  C*H"NO’  — (lllasiwet*,  Ann. 

Ch.  Pharm.  cii.  162.)— An  acid  produced  by  the  prolonged  action  of  strong  ammonia 
on  ethyl-phloretic  acid  (p.  491): 

(C*H*0)"l0«  + NH*  - (CIP0)"|N  + '"^$0. 

After  being  freed  from  ammonia  and  alcohol  by  evaporation,  it  crystallises  from  hot 
water  in  slender  shining  prisms.  It  dissolves  in  alcohol  and  ether,  melts  between  1 10“ 
and  1 1 1“,  and  sublimes  partially  with  loss  of  ammonia.  Its  aqueous  solution  is  coloured 
blue  by  ferric  chloride.  It  appears  to  unite  with  alkalis,  but  does  not  decompose 
carbonates,  and  is  altogether  but  every  feeble  acid.^^ 

VH&OBBTXO  AOXS.  C*H"0*  — (Hlasiwetz,  Wien.  akad. 

Ber.  xvii.  382;  xxiv.  237;  Om.  xiii.  308.) — An  acid  produced,  together  with  phloro- 
glucin,  by  the  action  of  caustic  potash  on  phloretin : 

C“H»0  + H’O*  - C*H“0*  + C^'O*. 

Phloretlo.  Phloretic  acid.  Pbloroglucln. 

It  is  prepared  by  dissolving  30  gm.  of  phloretin  in  about  200  c.  c.  of  potash-ley  of 
specific  gravity  1'26,  and  evaporating  with  ebullition  till  the  mass  has  become  thick. 
The  product  is  then  dissolved  in  boUing  water,  carbonic  acid  gas  passed  through  the 
solution,  the  liquid  evaporated  to  dryness,  and  the  residue  treated  with  boiling  alcohol, 
which  dissolves  the  phloretate  of  potassium  and  leaves  the  greater  part  of  the  phloro- 
glucin  undiasolved.  Ether  is  then  add<-d  to  the  solution,  which  palpitates  the 
phloretate  of  potassium  as  an  oily  liquid  ; the  ether  is  decanted ; water  is  added ; and 
the  liquid,  after  concentration,  is  mixed  with  hydrochloric  acid,  which  precipitates  the 
phloretic  acid : it  may  be  purified  by  repeated  crystallisation  from  alcohol  and  from 
water.  , , 

Phloretic  acid  forms  long  brittle  prisms,  having  a sour  and  slightly  astringent  taste. 
From  alcohol,  and  especially  from  ether,  it  is  deposited  in  very  large  prisms.  The 

crystals  are  monoclinic,  exhibiting  the  combination  oP . ooPoo,  -Poo.  + |Poo.  [Pool. 

+ P,  &c.  Angle  —Poo  ; ®Poo  — 138“  61’;  + fPoo  : odPoo  — 143“  19';  [Poo]: 
oP  _ 1140  It  melts  between  128“  and  130“,  and  solidifies  in  a.crystallino  mass 
on  cooling.  It  is  somewhat  less  soluble  in  miter  than  in  alcohol;  the  solution  may  be 
boiled  continuously  without  decomposition.  When  mixed  with  ammonia  and  agitated 
in  the  air,  it  assumes  a reddish  colour.  With  solution  of  calcic  kyjxKhloriU  it  assumes 
a transient  brown  colour:  with  ferric  chloride  a green  colour.  The  solution  super- 
saturated with  ammonia  reduces  nitrate  of  tileer  on  application  of  heat. 

Decompotitiom.~l.  Phloretic  acid  when  strongly  heated  gives  off  suffocating  odours, 
burn^  and  leaves  very  Dittle  charcoal.— 2.  With  bromine  it  forms  dibromophlo- 

reticacid. 3.  Pulverised  phloretic  acid  placed  in  a flask  filled  with  chlorine,  melts,  with 

disengagement  of  heat,  the  colour  of  the  chlorine  disappearing,  and  hydrochloric  acid 
appearing  in  its  place.  The  product  dissolves  in  alcohol  and  in  ether,  but  not  in 
water  • the  solution  when  evaporated  leaves  a soft,  sticky  mass,  which  forms  with  soda 
a comi»und  solidifying  after  some  time  to  a deliquescent  crystalline  mass.—  4.  With 
hydriKhloric  acid  and  chlorate  of  potauium  it  assumes  at  first  a reddish-brown  colour, 
gives  off  abundance  of  gas  when  heated,  again  becomes  yellow,  and  partially  changes 
into  yellow  flakes.— 6.  Triturated  with  pentachluride  of  photphonu,  phloretic  acid 
becomes  warm  and  liquid,  and  gives  off  much  hydrochloric  acid  gas  with  effervescence. 
On  distillation,  oxychloride  of  phosphorus  passes  over  at  10U“,  and  a fuming  liquid 
remains,  which  decomposes  with  water,  into  phloretic  add,  hydrochloric  acid,  and 
phosphoric  acid ; and  at  a higher  temperature  becomes  brown,  froths  up,  and  gives 
off  a small  quantity  of  oxychloride  of  phosphorus,  leaving  charcoal  as  a residue.—  6.  By 
exposure  tothe  vapour  of  tulphnric  anhydride,  it  is  converted  into  sulpho-phloretic 
acid,  C'U'*0*BO*  (Nachbaur,  Wien.  akad.  Ber.  xxx.  122). — 7.  When  concentrated 
nitric  acid  U poured  on  phloretic  acid,  it  dissolves,  forming  a red  solution,  with  disen- 
gagement of  heat,  intumescence,  and  liberation  of  red  vapours  ; the  solution  on  cooling 
becomes  filled  with  yellow  crystals  of  dinitrophloretic  acid.  If  the  temperature 
be  not  kept  down,  oxalic  acid  is  also  formed.  I’owdered  phloretic  acid  gradually  added 
to  cold  concentrated  nitric  acid,  is  dissolved  without  formation  of  red  vapours,  and  after 
some  time  dinitrophloretic  acid  crystallises  out  If  nitric  acid  be  ailded  to  warm 
aqueous  phloretic  acid,  effervescence  takes  place,  nitric  peroxide  is  disengaged,  the 
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]i(]uul  t>ecomes  coloured, and  brown  resinous  drops  separate,  which  by  continued  heating 
with  addition  of  ii  little  nitric  acid,  disappear,  w liile  dinitrophloretic  acid  crj  jjtidlisi*^*  out 
after  a little  time.  — 8.  riiloretute  of  barium  mixed  with  lime,  and  a lillle  powden-d 
glass,  and  heated,  yields  pbloretol  us  a brown  oily  distillate. 

4-  Ba"0  = C*H'«0  + Ba'CO*. 

The  same  compound  is  obtained  by  distilling  phloretate  of  calcium  with  formate  of 
calcium. — 9.  ckhride  of  actti/(  (or  chloride  of  butyryl  or  chloride  of  benzoyl)  it 

gives  otf  hydrochloric  acid,  and  forms  peculiar  acids  (Hlasiwetz).  The  product 
forraeil  with  chloride  of  acetyl  is  ncctylphlorotio  acid,  C'II*(C’H*0)0’  (r.  Gil  m, 
Ann.  Ch.  Phartn.  cxii.  180). — 10.  Phloretate  of  potassium  or  phloretate  of  silver  heated 
with  Ufdide  oj' ithyl  or  iodide  of  amyl,  yields  ethy  1-phloretic  acid, 
or  amvl-phlorctic  acid,  C*lPlC*U'*)0*.  (iflnsi wetz.) 

11.  i’hloretic  acid  heated  with  plUoroylucin  yield.'*,  not  pldoretin  but  roetapblo- 
pctin.  (Hlasiwotz,  p.  492). 

pRi-oRKTATES.  Phloretic  acid'  is  dibasic,  forming  nentml  salts.  C’lPM’O*  or 
C'‘H\M"Oh  and  iicid  salts,  C'lPMU"  or  = C^IPM''0’.(-^H"’0*.  according 

to  the  atomicity  of  the  metal.  It  decomposes  carl>onates,  mostly  fonning  acid  salts. 
The  phloretutes  are  all  ciystallisable.  The  acid  salts  have  a neutral,  the  neutral  salts 
an  alkaline  reaction.  When  heated  they  emit  an  odour  like  that  of  phenol. 

Phloretates  of  Barium.  The  neutral luilt,  CiPHirO^  is  formed  by  precipitating 
a lx)iling  solution  of  the  acid  salt  with  very  strong  Iwryla-water.  It  crystallises  from 
boiling  water  in  necilles  containing  5 at.  water,  four  of  which  are  given  off  at  160®. 
The  acid  roll,  obtaiiitd  by  aatursiting  a warm  aqueous  solution  of  the 

acid  with  carl>onate  of  biirium,  crystallLscs  in  long  flat  trjrnspareut  prisms,  which  be- 
come dull  at  100®. 

Vhloretates  of  Calcium.  The  neutral  gait  is  precipitated  on  adding  a solution 
of  lime  in  sugiir-wator  to  a concentratcil  solution  of  lime  in  phloretic  acid  till  the  liquid 
becomes  alkaline.  It  crystallises,  by  evaporation  in  vacuo,  in  white  himinse  having  an 
alkaline  reaction.  It  is  de-composed  by  carbonic  aci<l. 

Phtoretat es  of  Copper.  The  acid  salt,  C*’'n'"Cu''0*.'2n'0,  obtained  b}'  de- 
conqwsing  a solution  of  the  sulphate  w’ith  phloretate  of  barium,  forms  emeraJd-grc»*»i 
ciystaU  which  give  off  their  water  at  100®,  dissolve  sparingly  in  water  and  alcohol,  but 
readily  in  ether,  with  emenild-grecn  colour.  The  mutral  salt,  C*H*Cu”0*,  separates 
out  when  an  ethereal  solution  of  the  acid  salt  is  continuously  warmed  or  Isjiled.  in  beau- 
tiful shining  bluish-green  spangles  containing  1 uU  water,  half  of  which  is  given  off  at 
loo®,  leaving  a hydmte  containing  2C’IPCu"0’.li  O. 

Phloretates  of  Lead.  The  nfuiral  gait,  2C*ll’'Pb”0Ml*0,  is  obtained  as  abeai'y 
bulky  precipitate  on  saturating  the  acid  with  carbonate  of  lead,  and  mixing  the  hot  fil- 
tntto  with  basic  acetate  of  lead.  It  retains  its  water  at  100®.  A basic  gait  having 
nearly  the  conipo-sitiun  2C’*II*Pb"0’.Pb"0.2H*0,  is  pneipituted  on  tulding  basic  acetate 
of  I<  ad  to  a cold  solution  of  phloretic  acid  saturated  witli  carbonate  of  lead. 

Phloretate  oJ  Magnesiu  m separates  from  a solution  of  magnesic  carlwnate  in 
aqueous  phloretic  acid,  in  colourless  crystalline  geodes  resembling  wavellito. 

Phloretatesof  yfcrcury,  Phloretic  acid  forms  with  wcrcMrowvfnrVrrt/cacrystalline 
precipitate  consisting  of  needle.8 ; with  neutral  mercuric  nitrate  a crv’htalline  precipitate 
forme<l  of  transparent  plates. 

Phloretate  of  Potassiu7n,  C*TI®K0*,  is  obtained  by  mixing  the  aqueous  acid 
with  caustic  {K)tash,  satuniling  tlie  liquid  with  carbonic  aci»l,  evajwniting,  exhausting 
the  dry  muss  with  strong  alcohol,  and  purifying  by  pressure  and  rccrystallisation.  By 
spontaneous  evaporation  of  the  alc<jholic  solution,  it  is  obluined  in  colourless  radiating 
htminio  or  in  rather  loige  prisms.  It  has  a warm  saline  taste,  effloresces  in  the  air,  and 
gives  off  all  its  water  at  100°.  Its  alkaline  solution  turns  brown  on  exposure  to  the  air. 

Phloretate  of  Silver,  0"ll*AgO’.  is  obtained  by  precipitating  the  sotHum-salt 
witli  nitnite  of  silver.  The  liquid  solidifles  to  a cirstalliue  magmai,  which  must  W 
lilten‘<liu  the  dark,  waslu-d  with  cold  water,  and  then  dried,  first  between  jmper,  and 
ufterwartls  at  lU(t®.  It  forms  dazzling  white  nec*dics,  wltieh  when  moi.st  blaeken  readily 
in  the  light;  dij«?<dvc8  easily  in  ammonia  and  in  acetic  acid. 

P kloretate  of  Sodium,  C*H*NaO*,  prepared  like  the  potassium-salt,  crjstallises 
from  a highly  concentrnteil  solution,  which  soon  turns  reiidish  in  contact  with  the  air,  in 
rndialing  efflorescent  prisms. 

Phloretate  of  Zin  c. — The  neutral  salt  appears  to  be  formed  as  nn  in.«oluble  precipi- 
eolvM.en  phloretic  acid  is  l*oiled  with  exc*‘ss  of  carlnmatc  of  zinc,  and  remains  undis- 
solvod,  while  the  acid  salt  passes  into  solution. 
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acid  salt,  C**II'"Zn"0*,  crystalliws  immcdmtely  from  a solution  filt<>red  at  tbe 
l>oiliQg  licHt,  in  flat  prisms  and  laminte  of  a velvety  lustre,  and  rt.'sembling  cbolcsterin  ; 
permanent  in  the  air;  very  spiringly  soluble. 

PhloTftaie  of  Urea,  is  obtained  by  mixing  a solution  of  3 pts. 

of  urea  and  1 pt  of  pliloretic  ,acid,  in  broad,  lustrous  laminae,  or  feathery  striated 
crystals. 

Dcrivatices  of  Phlorctic  acid^ 

Blbromopliloretlo  acid.  C"H"Br*0’.  (Hlasiwetx,  Ann.  Ch.  Pharm.  cii.  145.) 
— Obtained,  by  uddiug  bromine  to  pulverised  pliloretic  acid  a.n  long  as  hjdrobroniic 
acid  continues  to  e.scape,  as  a slightly  coloured  powder,  which  ciystallises  from  alcohol 
in  Imrd  colourless  prismatic  grains,  and  may  be  completely  purifled  by  washing  with 
water,  and  precipitation  with  hydrochloric  acid  from  its  solution  in  ammonia.  It  melts 
in  an  atmosphere  of  chlorine  gas,  becoming  hot,  giving  off  hydrochloric  acid,  and  form- 
ing an  uncrystallisable  pnsluct  insoluble  in  water,  soluble  in  alcohol  and  ether. 

The  am7nonium-$alt,  C*H^(XH*)Br’0*,  is  sparingly  soluble  in  cold  water,  and  easily 
decomposible.  The  barium-salt,  6‘*H'*Ba"BriO*  (at  120°),  precipitated  from  the  uni- 
monium-sult  by  chloride  of  barium,  forms  prismatic  crystals. 

Binitropbloretlo  aoid«  CH'N’O'  » C*I1*(N0*)*0*.  (Hlasi wet^, //v. c/f.) 
— This  comptjund,  produced  by  the  action  of  nitric  acid  on  pliloretic  acid,  exhibits  two 
different  m<^ifications  according  to  the  manner  in  which  the  action  takes  place. 

The  first  modification  («)  is  formed  wlien  phloretic  acid  is  dissolved  in  nitric  acid 
slightly  concentrated  and  kept  cool.  Yellow  ^.lins  then  form  in  the  red  solution;  and 
on  recrystallising  these  from  water  and  alcohol,  the  acid  is  obtained  in  shining  lemon- 
yellow  prisms,  easily  soluble  in  alcohol  with  yellowish-rcd  colour,  fusible,  not  deton.oting, 
having  a slightly  bitter  taste,  and  colouring  like  picric  acid. 

The  detonating  salts  of  this  acid  are  obtained  by  saturating  its  a<]ueoiis  solution  with 
the  respective  carlKinates,  or  by  precipitation  from  concentrated  solutions  of  the  am- 
monium-salt. The  potiVssinm-saH,  (at  120°),  ciT^taUises  from 

dilute  alcohol  in  deep  orange-coloured  prisms.  The<iWri«OT-tf<7//,  2C"H‘Ihi‘'(N0*)*0MI*0, 
forms  orange-coloured  nettles;  the  calcium-salt  yellow  needles.  The  lead-salt  is  a 
deep  red,  the  silcer-salt  a red,  the  copprr-salt  a yellow  precipitate.  The  ammonium- 
stilt  forms  with  mercuric  chloride  a yellow  precipitate  amorphous  at  first,  becoming 
crystalline  afterwards ; with  stannoiu  chloride  a yellowish,  and  with /rrrfc  cA/t^nV/fc’ a 
light  brown  precipitate. 

The  second  mo<iifioation  (3)  of  the  acid  i.s  produced  by  dropping  nitric  acid  into  a 
warm  aqueous  solution  of  phloretic  acid.  The  cry»l4iU  which  separate,  form  when  ro- 
crvstollised  from  alcohol,  dark  yellow  shining  lamina*  and  scull's. 

Tljt*  compounds  of  this  acid  with  the  alkaline  t artlis  can  be  obtained  only  by  satur- 
ating the  acid  with  the  corresponding  hydrate’s  or  carlx>nates,  whereas  those  uf  the  a 
modification  are  obtained  in  tiie  crystalline  state  by  precipitation  from  the  ammonium- 
salt. 

The  $-am7n/tmu}n-sall,  2C•I^*^NH*J^  N0*)’0*II*0,  effloresces  in  dark  yellow  nowlles; 
the  l/arium-salt,  2C*li*Ba*'(N0*)*0*.H*0,  separates  in  nodular  groups  of  orange-yellow 
crystals. 

FB^OSSTZe  ETBERS.  Tlu-se  are  compounds  produci*d  by  the  substitution  of 
1 at.  of  an  organic  radicle  for  1 at.  hydrogen  in  phloretic  ixcid. 

Acetic  Fhloretate  or  Aoetyl-pbloretlo  add*  - C"II*(C^H’0)0* 

(H.  V.  Gilm,  Ann.  C'h.  Pharm.  exit.  180.) — Proiluced  by  the  action  of  chloride  of 
acetyl  on  phloretic  acid.  When  crystallised  from  dilute  alcohol,  it  forms  thin  colourless 
intiTlaced  prisms  having  a vitreous  lustre  ami  an  acid  rt*action.  It  is  insoluble  in  cold 
water,  soluble  in  alcohol  and  ether;  melts  below  the  boiling  point  of  w'ater,  and  partly 
sublimes;  decomposes  carbonah*s;  is  not  coloured  by  ferric  chloride. 

Nitro-acetylphlorrtic  acid,  C*II"i^C^n*OXN0*)0*,  is  obtained  by  dissolving  acetyl- 
phlon'tic  acid  in  nitric  acid  of  onlinary  stn'ngth,  and  immediately  mixing  the  product 
with  water.  It  crystallises  fr\>m  alcohol  in  golden-yellow  shining  lamina*. 

Etliyllo  Fbloretatc  or  Ethyl-pliloretlc  acid*  » C*II*(C-IT*)0’. 

(Illas  iw  etr,  Ann.  CIl  Pharm.  cii.  151.) — This  comjmund  is  easily  prepare<l  by  heat- 
ing  phlori’tatc  of  |>ota*‘«ium  or  .silver  with  ethylic  io«lido  to  100°  in  a seali’d  tube.  It 
is  colourU^s  and  viscid;  has  a faint  odour  and  irritating  tuffte  ; boils  al>ove  205° ; is 
not  inflammable;  dissolves  in  alcohol  and  ether,  but  is  insoluble  in  water.  It  has  the 
same  index  of  refraction  as  Siilirj-Uc  ether  for  a p;irticular  ray  in  the  orange,  but  its 
dis|>ersive  power  is  much  le.*w  than  that  of  salicylic  ether. 

Ethyhc  IHnitrophlitreiatr,  C*il'(CUI*)(XO0‘G\  i.s  obtained  by  treating etlivlicphlo- 
retate  with  nitric  acid,  as  a golden-yellow  oil  which  solidifies  In  the  crystalline  form 
after  a while,  and  crystallises  from  alcohol  in  light  yellow  crystals. 
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AmjUc  Ftaloretata  or  Amjl-pbloretlo  aeld« 

prepared  like  the  etliyUcompound,  is  colourless,  vei^  viscid,  has  a slightly  raucid  odour, 
a sharp  taste  and  boils  above  290^.  With  nitric  acid  it  yields  a crystalline  nitro- 
compound. (Ulasiwetz,  loc.  cit.) 

PBLORXTXV.  C'*H'*0*  (Stas,  Ann.  Ch.  Fharm.  xxx.  200. — G.  Hoser,  iStd, 
Ixxxiv.  178. — Ulasiwetz,  iWrf.  xcvi.  118. — Om.  xvi.  8.) — A substance  produced  by 
the  action  of  dilute  acids  on  phlorizin  (p.  493).  To  prepare  it,  phlorizin  is  dissolved  in 
a cold  dilute  acid,  and  the  liquid  subs^uently  heated  to  90*^ : it  is  then  deposited 
in  tho  crystalline  state. 

Phloretin  crystallises  in  small  white  laminie,  having  a saccharine  taste,  nearly  in- 
soluble in  cold  water,  very  sparingly  soluble  in  boiling  water,  and  in  anhydrous  ether, 
soluble  in  all  proportions  in  boiling  alcohol,  wood^spirit,  and  acetic  acid,  whence  it  is 
deposited  in  shining  grains.  (Analysis  64‘5— 65'4  C and  6*2 '-5*4  H ; calc.  66*7  C,  5*1 
H,  and  29-2  0.) 

Phloretin  melts  at  180^,  and  decomposes  at  a higher  temperature.  Strong  acids,  for 
the  most  part,  dissolve  it  without  alteration.  Hitric  acid,  however,  converts  it  into 
nitro-phloretin.  Chromic  actW  resolves  it  into  formic  acid  and  carbonic  anhydride 
(Stas).  When  pulverised  phloretin  is  treated  with  bromine  under  ether,  a mixture  of 
tri-  and  tctra-bromophloretin  is  produced;  but  when  phloretin  is  heated  with  excess  of 
bromine,  a number  of  bodies  crystallising  in  needles  are  formed,  which  appear  to  be 
substitution-products  of  phloroglucin  (Schmidt  and  Hesse,  Ann.  Ch.  Pharm.  cxix. 
103).  It  is  dissolved  without  alteration  by  alkalis ; the  solutions  have  a very  decided 
saccharine  taste,  and  in  contact  with  the  air,  absorb  oxygen  and  form  an  orange- 
coloured  body.  But  by  boiling  and  evnporating  with  strong  potash-icy^  phloretin  is 
resolved  into  phloretic  acid  and  phloroglucin  (pp.  491,  495). 

Phloretin  rapidly  absorbs  13  or  14  per  cent,  ammonia  gas,  witbont  losing  water.  It 
dissolves  in  strung  aqueous  amtaonia,  but  separatf's,  after  a few  seconds,  in  shining 
yellow  laminae,  which  give  off  ammonia  when  exposed  to  the  air,  or  when  heated.  The 
solution  of  the  amraoniacal  compound  precipitates  the  salts  of  manganese,  iron,  zinc, 
copper,  lead,  silver,  &c.  The  Uad-compouna,  obtained  by  adding  basic  acetate  of  lead 
to  an  excess  of  phloretin-ammonia,  ana  drying  the  precipitate  at  140*^  in  a current  of 
air,  contains  2C**H'*0*.6Pb''0.  (Stas.) 

Tetrabromophlorctin,  C'‘H'*Br^O*. — When  finely-pulverised  phloretin  is  covered 
with  ether,  and  bromine  added  to  the  mixture  cooled  from  without,  the  bromine  is 
absorbed,  with  evolution  of  heat,  and  a mixture  of  tri-  and  tetm-bromophloretin  is  formed, 
which,  after  removal  of  the  ether  and  the  resulting  hydrobromic  acid,  may  be  completely 
converted  into  tetra-bromophloretin  by  renewed  treatment  with  bromine  at  a gentle  heat. 
The  product  is  boiled  with  water;  the  residue  is  dissolved  in  boiling  alcohol ; the 
solution  precipitated  with  water;  and  the  pale  yellow  crystalline  precipitate  is  purified 
by  boilingwith  weak  alcohol  and  recry staJlisation  from  boiling  alcohol.  Phlorizin,  treated 
with  bromine  under  ether,  likewise  yields  tetrabromophlorctin,  a mixture  of  mono- and 
poly-bromopbloro-glncin  being  formed  at  the  same  time. 

Tetrabromophluretin  crYstallises  in  small  pale  yellow  needles,  which  do  not  lose 
weight  at  100°  ; it  is  decolorised  by  animal  charcoal,  but  soon  turns  yellow  again.  It 
is  insoluble  in  boiling  water,  sparingly  soluble  iu  boiling  alcohol,  easily  soluble  in  ether. 
It  melts  between  205*^  and  210°,  acouiring  a dark  rt-d  colour,  and  decomposing  with 
efien*esecnce.  It  dissolves  with  yellow  colour  in  aqueous  amtnonia  and  soda,  the 
ammoniucal  solution  turning  brown  after  a while.  In  boiling  lime-wattr  it  turns  violet, 
and  forms  an  amorphous  violet  substance. 

Niirophloretin,  C'*H‘“(N0*)O*  (?),  called  also  pA/orrfic  oritf  (by  St  as),  and  nitro~ 
phloretic  acid,  is  produced  by  the  action  of  strong  nitric  acid  upon  phloretin.  It  is 
brown,  amorphous,  insoluble  in  water  and  in  dilute  acids,  soluble  in  alcohol,  wood- 
spirit,  and  alkalis.  It  decomposes  at  150°,  giving  off  nitric  oxide.  Sulphuric  acid 
dissolves  it  with  blood-red  colour. 

(CJ'H'O)*’  ) 

BSwtaptiloretin.  (C*H*0*)n0*  (?)  (Hlnsiwetz,  Ann.  Ch. 

H*  j 

Pharm.  cxix.  199.) — This  compound  (not  named  by  Ulasiwetz,  but  calletl  a-phloretin 
in  (fmc/in’s  Handbook,  xvi.  10)  is  produced  by  heating  phloretic  acid  with  phloit^lucin. 
The  mixture,  heated  to  160°  in  an  air-batb,  melts  tc^ether,  and  gives  up  water.  If  kept 
fur  six  hours  between  160^  and  180°,  it  deposits  a granular  muss,  and  ultimately 
becomes  quite  solid.  The  brown  mass,  when  boiled  with  water,  dissolves  slowly,  and 
the  solution,  even  before  it  is  quite  cold,  deposits  crystalline  scales,  which  may  be 
purified  by  washing  with  worm  water,  and  recrystullisation  from  boiling  water  with 
help  of  animal  charcoal 

The  compound  forms  nearly  colourless  microscopic  luminse,  having  a rough  taste, 


PHLORETOI^PnLORIZIX.  493 

with  gwectiflh  &ftor*taste.  It  is  neutral;  unalterable  at  160°;  colours  aqueous  ferric 
chloride  violet. 

FH&ORBTOXm  C*H'*0-^Hlasiwetz,  Ann.  Ch.  Pharm.  cii.  166.)— This  com- 
pound, metameric  withmethylic  phennteor  phenetol  (p  391),  is  produced  by  distilling  a 
mixture  of  phloretate  of  ba^um,  caustic  lime,  and  a little  powdered  glass,  in  small 
TOrtioDs  over  an  open  fire.  The  brown  oily  distillate  is  dehydmted  by  decantation  and 
drying  over  oil  of  vitriol,  and  then  rectified. 

Phloretol  is  a colourless,  strongly  refracting  oil,  which  becomes  thicker  at  18°  and 
boils  at  190° — 200°.  Specific  gravity  1*0374  at  12°.  Vapour-density,  obs.  - 4*22; 
calc.  B 4*23.  It  has  an  aromatic  Mour,  suggestive  of  phenol,  and  a burning  taste. 
Placed  on  the  skin  it  causes  a bum.  It  coagulates  albumin  almost  as  rapidly  as  phenol. 
A splinter  of  pine-wood  dipped  in  aqueous  phloretol,  and  then  soaked  with  hydrochloric 
aei^  assumes,  when  dried  m the  sun,  a colour  similar  to  that  of  one  soaked  in  phenol. 
It  is  only  slightly  soluble  in  toaUr^  but  mixes  in  all  proportions  with  alcohol  and 
ether. 

Dteompocitioni. — 1.  In  vessels  containing  atr,  it  becomes  yellowish,  and  then  smells 
of  styroL — 2.  When  soaked  np  into  a wick  it  may  he  inflamed,  and  then  bums  with 
a bright,  fuliginous  flame. — 3.  Dissolves  in  oil  of  vitriol ; the  solution,  after  standing 
some  time,  is  no  longer  precipitated  by  water,  but  then  contains  a conjugated  sulphuric 
acid  which  forms  with  baryta  a soluble,  easily  crystallisable  salt.  — 4.  When 
bromine  is  poured  on  it,  hydrobromic  acid  is  liberated,  and  after  the  excess  of  bromine 
is  expelled,  a white  crystaJline  substitution-product  is  left,  which  is  soluble  in  alcohol, 
but  not  in  water. — 6.  With  chlorine  it  forms  a substitution-product. — 7.  When  dropped 
into  strong  nitric  acid  it  hisses  like  a red-hot  metal,  and  forms  trinitrophloretol, 
C*H'(NO’)K),  with  violent  action  and  disengagement  of  nitric  peroxide. 

PB3^0&BTTXi>  C*H*0. — The  hypothetical  diatomic  radicle  of  pbloretic  acid  and 
its  derivatiTcs. 

Chloride  of  phloretyl,  (C*H*0)"C1*,  appears  to  be  formed  by  the  action  of  penta- 
chloride  of  phosphorus  on  pUoretic  acid,  according  to  the  equation, 

“ 3C*H'OCl*  + 2POC1*  + 3HC1  + PH*0‘. 

On  distilling  the  product,  oxychloride  of  phosphorus  passes  over  at  110°  and  the 
residue  can  no  longer  be  heated  without  decomposition.  When  treated  with  water, 
however,  it  yields  pbloretic,  phosphoric,  and  hydrochloric  acids.  (Hlasiwetz.) 

PBXiOBXXBXW.  C*’H**N*0'*.  (Stas,  Ann.  Ch.  Pharm.  XXX.  206.) — Produced  by 
the  simultaneous  action  of  air  and  ammonia  on  phlorizin : 

+ 2NH*  + 0«  *=  C»'H“N*0'*. 

It  is  precipitated  on  adding  an  acid  to  the  product  of  the  reaction.  To  obtain  it  pure, 
Stas  (Ann.  Ch.  Phys.  Ixix.  367)  precipitates  the  crude  product  of  the  above  reaction 
with  alcohol ; dissolves  the  precipitate  in  the  smallest  possible  quantity  of  water  ; and 
adds  alcohol  sciduLtted  with  acetic  acid  to  the  solution  drop  by  drop.  The  precipitate 
is  then  washed  with  alcohol  of  continually  increased  stren^h. 

Pblorizein  is  a re>ldish-brown,  uncry stallisable  solid,  differing  in  aspect  according  to 
the  state  in  which  it  is  examined.  Its  taste  is  slightly  bitter.  It  dissolves  easily  in 
boiling  water,  but  is  nearly  insoluble  in  alcohol,  ether,  and  wood-spirit.  It  yields  by 
analysis  48*1 — 48*6  C,  6*6 — 5*4  H and  6 0 — 5*4  N : (calc.  48*6  C,  6*8  H,  6*4  N,  and 
40-2  O). 

Pblorizein  is  decomposed  by  heat.  Fixed  alkalis  gradually  alter  its  colour,  trans- 
forming it  into  a brownish  substance. 

Phioriceate  of  ammonium  is  difficult  to  obtain  pure.  The  best  mode  of  preparation  is 
to  place  phlorizin  under  a bell-jar  above  a solution  of  carbonate  of  ammonia,  into  which 
fragments  of  caustic  potash  are  thrown  from  time  to  time.  If  care  be  taken  to  avoid 
an  excess  of  ammonia,  a blue  crystallisable  substance  very  soluble  in  water  is  some- 
times obtained ; but  more  frequently  the  product  is  brown-red. 

The  compound  is  decolorised  by  sulphyaric  acid,  sulphide  of  ammonium,  and  stonnate 
of  potassium,  but  the  decolorised  solution  gradually  resumes  its  blue  tint  on  exposure 
to  the  air.  The  solution  of  phlorizeate  of  ammonium  is  likewise  decolorised  by  hydrate 
of  aluminium,  the  alumina  acquiring  a blue  colour. 

The  solution  precipitates  salts  of  iron,  zinc,  lead,  and  silver.  The  silver-precipitata 
is  blue,  and  is  decomposed  by  water. 

BBZiO&XXnv.  — Phlorrhizin,  Phloridzin  (from  ^Xoi6s,  bark,  and 

root).  [Stas  and  De  Koninck  (I836X  Ann.  Ch.  Pharm.  xv.  75.  -Sta8,  Ann.  Ch. 
Phys.  [2]  Ixix.  367. — Mulder,  Rev.  Scient,  iii.  60.— Roscr,  Ann.  Ch. Pharm.  Ixxxiv. 
178. — Strecker,  t6c<f.lxxiv.  184 Gm.  xvi.  11.] — A substance  existing  ready  formed  in 
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th»^  root-Imrk  of  the  apple,  pear,  plum,  anJ  cherry-tree.  It.  is  extracted  by  weak  alcohol, 
Hiul  the  alcoholic  solution,  deco!ori'‘<d  by  animal  chaiwal,  and  concentmted,  depoiits 
eiystaU  of  phlorizin  on  cooling.  The  root-bark  of  the  apple-tree  is  the  best  suun.*o 
of  phlorizin,  because  it  «x>ntaiiis  less  colouring  matter  than  that  of  the  other  trc*es. 

Phlorizin  crvsiallises  in  lung  silky  needles  or  tufts,  it  has  a slightly  bitter  ta-ste,  is 
sparingly  soluble  in  cold  wafer,  but  diasolres  in  all  pnjportions  in  boiling  water, 
Alcithoi  and  w<x»d~^pirU  <liasoIve  it  readily,  but  it  is  quite  insoluble  in  fther. 

The  crystals  of  phlorizin  contain  2 at.  water,  C*‘U*'0'*2H*()  (analysis,  52  8 — 53  9 C 
and  6'0 — 62  II ; calc.  53  4 C,  5 9 JI,  and  40  7 0).  At  100°  they  give  off  their  water 
(7  6 percent.)  and  h*ave  anhydruus  plilorizin,  (anal.  67  4 C and  5*7  H; 

calc.  57‘8  C and  5'5  H),  which  melts  at  109°  and  decomposes  at  200°  yielding  a red 
substance  called  rufiu  and  other  products. 

^ Strong  sulphuric  acid  at  60°  or  70°  converts  it  into  a red  subsbince  called  rofi-  or 
rutilo-sulphuric  acid.  (Mulder.) 

Hv  prolonged  contact  with  dilute  sulphuric,  phosphoric,  or  hydrochloric  arid  it  is 
resolviHi  Into  glucose  and  phiuretiu.  The  same  change  is  induced  by  oxalic  acid 
at  90° : 

C**n**0'*  + 11*0  - + C’»H"0*. 

Fhtoriiin.  Glucoia.  Fhloreiio. 

100  pts.  of  phlorizin  thus  treated  yield  from  41  to  42  pts.  glucose  (calc.  4P3  pts.). 

Strong  nitric  acid  coiiverts  it  into  oxalic  acid  and  nitrophlorctin, 
C*^H'*(NO»)(n?) 

Strrmg  hydrtK'hloric  acid  converts  phlorizin  into  a dirty  red,  amorphous  'sub.stanco 
without  dissolving  it.  (I>e  K oni  nek.) 

When  phlorizin  is  iriturattd  with  of  its  weight  of  iWfnc,  a greyish-violet  ma.«s  is 
formed,  from  which  water  separates  black  Hocks  (Vogel,  N.  Br.  Arch.  xvi.  155). — 
When  j)hlorizin  is  coven*d  witli  ether  and  bromine  is  an>pf>ed  into  the  liqui<l,  as  long 
as  it  is  dccoloristd  thereby,  the  phlorizin  dissolves  completely  ; and  on  evnjoraling  the 
solution,  boiling  the  resulue  with  dilute  sulphuric  acid  (to  decomj>ose  phlorizin),  and 
recrj'stallisiug,  tetrabromophlorctin  (p.  492)  is  obtainiKl  (Schmidt  and  Hesse, 
Ann.  Ch.  Pharm.  cxix.  105). — Cklorinr,  bromine  and  iodine  evolve  heat  from  dry 
phlorizin,  and  convert  it  into  a brown  viscid  resin  (l)e  Koni  nek).  Phlorizin  treated 
with  chloride  of  iodine  yields  only  amurpitous  products  (Stenliou  se,  Ann.  CTi.  PLarm. 
cxxxiv.  218). 

Alkalis  dissolve  phlorizin  without  altersition,  and  the  solutions  are  permanent  in  the 
air.  Boiling  potash  produces  a black  substance. 

Phlorizin  absorbs  11  or  12  jw  r cent,  of  dry  a/jfwemVi-^ojr.aml  the  product  e^vjscd  to 
the  air  gradually  assumes  an  orange  then  a red  tint,  ultimately  brooming  dark  blue, 
and  then  consists  of  phlorizeato  of  ammonium  (p.  493). 

Phlorieate  of  Barium  is  obtained  by  mixing  the  solutions  of  phlorizin  and  baryta  in 
wooil-spirit.  A precipitate  is  then  formed  which  Iojm's  its  alkaline  reaction  on  ex|K>Miro 
to  the  air,  and  Ix-couk^s  brownish-red,  yielding  carbonic  anhydride,  acetic  acid,  and  a 
pecidiar  colouring  matter.  It  appears  tocontainX'*‘IP^O’*.BH''0.(Hnal.  40  3 C,  4T  11, 
ami  29-8— 30*2  BaO;  calc.  42  8 C.  4T  II,  and  25  8 BaO). 

Vhlvrixate  of  Coldum  appears  to  contain  2C”H’*0**.3Ch"H'(P  (anal.  15  2 — 14  pi^r 
cent,  lime;  calc.  15  3.)  It  is  obtained  by  eviiponiting  a solution  of  phlorizin  or 
lime-water.  Bv  exposure  to  the  air,  it  is  decomposed  like  the  bariom-o<)mj‘oun<l. 

Pklorixaie  of  jAttd  appears  to  contain  C*’ll*'0’*  3Pb"0  (anul.  24  9 C,  2T  II,  and 
59'2 — 60  0 PbO;  calc.  22‘7  C,  2T  H and  60  6 PbO).  It  is  produced  as  a white  pn> 
cipitato  on  adding  basic  acetate  of  lead  to  a boiling  solution  of  phlorizin,  the  latter 
being  in  excess. 

VB&OaOOXiiroXir.  C«IPO".  (Hlasiwetz,  Ann.  Ch.  Pharm.  xc\i  118;  cxii. 
96;  cxix.  199. — Om.  xv.  65.) 

FurmatUm, — 1.  Phloretin  boiled  with  potash-ley  is  rewdved  into  phlorctic acid  and 
pliloroglucin. — 2.  Quercetin,  under  the  same  circumstances,  is  resolvt^d  into  (luercelic 
acid  and  pbloroglucin.  According  to  Hlasiwetz: 

C7>H’*0'»  -f  H^O  = + c*n*o*: 

Qucrccliu.  Quercoiic  Pbloroglucin. 

sciil. 

according  to  Zwenger  and  Bronko  (Ann.  Ch.  Pharm.  cxxiii.  154) : 

SC’H'HP  -b  IPO  = C='n'*0«  + 3C*H"0>. 

Quercetin.  Qurrceiic  Phloro- 

ACi«J.  glucin. 

3.  Quercetin  in  alkaline  solution  treated  with  Eodium-nmalgnm  is  also  converted 
into  pliloroglucin,  It^etber  with  a colourU«s  product  difllnnt  from  qucrcctic  acid 
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(Tllasi  w^tz.  Aim.  Ch.Pharm.  cxxir.  358). — 1.  Morintannic  aci<l  or  maclnrin  (ill.  1049), 
niixfd  with  liydrate  of  potassium  and  pvaporattnl  to  :i  pasty  mass,  is  njsolvi'd  into 
phloruglucm  and  protocutochuic  acid  (Ulasiwptz  and  Pfaundler): 

+ IPO  = C-H-0*  + C^H'0\ 

HorioUnnIc  Phluro-  ProC<>cat«>- 

»cid.  glucin.  chuic  acid.  I 

"Prfparation . — 1.  The  mixture  of  phloroglucin  and  carbonate  of  potassium  obtained 

aa  deacribed  in  the  preparation  of  phloretic  acid  (p.  489)  from  which  all  the  phloro- 
tiite  of  potaasium  has  been  extractcil  by  alcohol,  is  dissolved  in  water ; dilute  sulphuric 
acid  is  added  in  slight  excess;  and  the  mass  is  evaponited  to  dryness  over  the  water- 
bath,  and  then  well  lx)ili*d  with  alcohol  (better  with  ether-alcohol).  The  alcohol  is 
distilled  off  and  the  residue  left  to  cr}'»tallise,  wliereby  strongly  coloured  crystals 
are  obtained,  the  mother-liquor  also  yielding  an  additional  quantity.  They  are  dis- 
solved in  water,  and  the  solution  is  mixed  with  acetate  of  lead  (which  pr^ui.*os  no 
precipitate),  and  saturated  with  sulpbydric  acid,  the  precipitatod  sulphide  of  lead 
carrying  down  nearly  the  whole  of  the  colouring  matter,  so  that  the  crystals  whicli 
afterwards  separate  have  only  a yellowish  tint.  By  re-crystallisation  from  ether  and 
afterwards  from  water,  they  may  bo  obtained  quite  colourl<‘«s, 

2.  Quercetin  is  added  to  a hot  coucentratod  solution  of  3 pts.  h3*drate  of  potassium, 
the  liquid  evaporated  down  at  the  Is^iling  heat,  and  the  residue  further  heated,  till  a 
sample  of  it  taken  out  no  longer  )'ielda  a flocculent  precipitate  w'ith  hydroclilorie  acid, 
blit  quickly  assumes  a deep  red  colour  wln  ii  dissolved  in  water.  The  whole  is  then 
imnuHliately  dissolved  in  water;  the  solution,  which  instantly  turns  red,  is  neutralised 
with  hj'drochloric  acid;  and  the  flocks  (of  alpha-quercetin  and  undecomjiosed  quercetin) 
which  are  depositetl  from  the  liquid  on  standing  and  cooling,  are  separut<*d  by  filtration. 
The  filtrate  is  eva|'*orated  to  dryness,  the  residue  exhausted  with  alcohol;  the  alcohol 
distilled  off  from  the  bmwn  tincture;  the  residue  dissolved  in  water,  and  mixeil  with 
acetate  of  lead,  whereby  quercetate  of  lead  is  precipitated,  while  phloroglucin  n mains 
in  solution.  The  latter  is  obtained  in  the  crystalline  state  by  removing  the  lead  from 
tho  filtrate  with  sulphydric  acid  and  quickly  evaporating,  and  is  purified  by  re- 
cry.stallisHtiou,  with  help  of  animal  cliarco;il. 

Jh'iyprrti($. — Phloroglucin  separates  from  aqueous  solution  in  hydrated  crystals 
C*II*0*.2IP0,  belonging  to  the  trimetric  system;  bv  slow  evunoration  they  may  be  ob- 
tained of  the  size  of  peas,  and  with  irn  gnlar  prihinatic  faces,  'nie  crystals  grate  between 
the  ellloresce  in  warm  air  and  in  vacuo,  or  more  quickly  at  90®,  giving  off  22  25 
to  22'47  per  cent,  water  (2  at.  = 22  2 per  cimt.),  and  leaving  anliydruus  phloroglucin. 
The  anhydrous  compimnd  also  I'Ciuirates  dir<*ctly  from  solution  in  anhydrous  ether, 
Phloroglucin  is  sweeter  than  common  »ug;ir,  neutral  to  vegetable  colours,  permanent 
in  the  air  at  onlinary  temperatures,  melts  at  about  220®,  suldimcs  without  particular 
o<lour  and  solidifies  on  cooling.  It  dissolves  in  water  juid  ak'oh<d,  and  readily 
It  is  not  nlterctl  by  hi/drixhloric  acid ; does  not  precipitate  any  metallic  salt  except 
basic  acetate  of  had  witli  which  it  forms  the  compound  (.'•lI*0*.2Pb”0.  It  is  coloured 
dt*ep  violet-red  by  ftrric  chhridc,  and  produces  with  chJtMdeoflimf^  a reildish-yeliow 
colour  which  however  soon  disappears.  It  forms  a compouud  with  potash,  which  gra- 
dually separates  in  red-hrown  drops  from  the  alcoholic  extract  of  the  product  obtained 
bj'  boiling  phloretin  with  potash. 

' Ammoniacal  phloroglucin  shaken  up  with  air,  becomes  red-brown 
and  afterwanls  opaque.  Phlon^glucin  in  concentrated  aqueous  solution  is  converted  by 
bromine  intot  ri  bromo -phloroglucin,  which  immediately  scfnimtes  in  the  crj'stnllino 
form,  the  liquid  becoming  hot,  and  emitting  a highly  tcar-exciting  odour.  AVVric  acid 
dissolves  it  with  brown  colour,  and  converts  it  into  nitrophloroglucin  (p.  496). — 
Ammonia  converts  it  into  phloramine,  C*H’NO*  (p.  488).  Jt  mluci‘8  an  alkaline  solu- 
tion of  cupric  oxide,  like  grape-sugar.  It  reduces  mercurous  nitrate,  when  heated  with 
it,  and  likewnsc  nitrate  of  silver,  with  peculiar  quickness  on  addition  of  ammonia. 
With  chloridi  of  acetyl,  c^oridc  of  btnzoyl,  &c.,  it  forms  substitution-products,  p.  496). 

Derivatives  of  Phloroglucin. 

Trlbromopbloreirlocln.  C*IT*Br*0*.  (Tllasiwotz,  Ann.  Ch.  Phnnn.  xevi. 
118.)— Pnaluced  by  dropping  bromine  into  concentrated  aqueous  phlorc^lmin  till  tho 
colour  of  the  bromine  is  no  longer  deslroj'cil.  and  tho  liquid  Inis  solidified  to  a crystalline 

f)ulp;  the  pnxluct  is  then  colh'cted  on  a filter,  washed  with  cold  water,  and  rocrystal- 
ised  from  i>oiling  water  with  help  of  animal  charcoal. 

It  cr\'8taUises  from  water  in  long  neiKib  s (mostly  brownish),  from  alcohol  in  con- 
centrically united  prisms,  cont.\ining  C‘lI*Br^0*.3H*0,  wliich  give  off  their  water  in 
warm  air,  or  at  100®,  and  are  reduced  to  anh^’droua  tribronjopliloroglucin.  The  com- 
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pound  dissolrcs  reiy  slightly  in  cold,  more  freely  in  boiling  water,  but  appears  to  be 
partly  dcMX>mposed  by  continued  boiling.  It  dissolros  yeiy*  p^ily  in  alcohol,  and  with 
Drown  colonr  in  aqueous  alkalis  and  aUtaliue  carbonates. 

jrttroptUorofflaoin.  OH*NO*  — C*H*(N0*)0*.  (Hlasiweta  and  Pfaundler, 
Ann.  Ch.  Pharm.  cxix.  199.)^ When  phloroglucin  is  added  by  small  quantities  to  some- 
what  dilute  nitric  acid  moderately  heated  and  kept  at  a uniform  temperature,  a deep 
red  solution  is  formed,  which  deposits  the  nitro^compound  in  small  nodules:  by  recrys* 
tallisation  from  hot  water  it  may  be  obtained  in  reddish-yellow  shining  scales  and 
laminae,  having  a slightly  bitter  taste.  It  is  slightly  soluble  in  water,  forming  a yellow 
solution. 

Aoetjl-pbloroglnein.  C'*H’*0*  • C*H*(C*H*0)*0*?  (Hlasiwets  and 

Pfaundler,  Ann.  Ch.  Pharm.  cxix.  20l.)~Chloride  of  acetprl  acts  on  phloroglucin  even 
at  mean  temperatures,  and  at  higher  temperatures  converts  it,  with  evolution  of  hydro- 
chloric acid,  into  a white  crystalline  mass  of  the  acetyl-compound  which,  after  the 
excess  of  chloride  of  acetyl  has  been  expelled,  may  be  recrystallised  from  alcohol.  It 
forms  small  colourless  prisms  which  give  off  acetic  acid  when  heated,  and  are  insoluble 
in  water.  Its  rational  formula  is  deduced  from  the  analogy  of  benzoylphloroglucsn, 
analysis  giving  no  means  of  determining  whether  1,  2,  or  3 at.  acetyl  have  enter^  into 
the  phloroglucin  in  place  of  hydrogen,  inasranch  as  all  three  products  would  have  the 
same  per-centage  composition.  (Hlasi  wetz.) 

Benmoyl-ptiloroglaoln.  C*^H'*0*  — C*HVC^HK))*0*.  (Hlasiwets  and 

Pfaundler,  loc.  at.) — Prodnced  by  the  action  of  chloride  of  benzoyl  on  phlorc^Iucin, 
and  purified  by  boiling  with  alcohol,  in  which  it  is  nearly  insoluble.  CiystallLies  in 
small,  white,  shining  scales. 

IPBXOKOIVB.  C*H*0*.  (Rommier  and  Bouilbon,  Compt  rend.  Iv.  214.) — 
This  compound,  homologous  with  quinone  (C*H*0*),  is  produced  by  distilling  2 pts.  of 
coal-tar  creosote  (the  portion  of  crude  carbolic  acid  boiling  between  195*^  and  220^), 
and  3 pts.  oil  of  vitriol  in  a capacious  retort,  adding  chromate  of  potassium  (or  better, 
peroxiae  of  manganese)  from  time  to  time.  A yellow  distillate  is  thos  obtained  mixed 
with  yellow  drops  which  quickly  solidify,  and  may  be  purified  by  pressure  between 
paper  and  recrystallisation  from  water  at  60^.  It  forms  splendid  yellow  flexible  needles, 
soluble  in  alcohol,  only  slightly  soluble  in  cold  water,  and  smelling  like  quinone.  It 
melts  at  60^ — 62^,  and  volatilises  with  vapour  of  water,  part  of  it  however  being 
blackened  and  decomposed  at  the  same  time. 

The  solution  of  phlorone,  like  that  of  quinone,  is  turned  brown  by  alkalis,  and  then 
yields  a brown  fiocculent  precipitate  with  acids.  Phlorone  is  decolorised  and  reduced 
by  tulphuroui  acid,  yielding  a very  soluble  crystalline  body,  probably  homologous  with 
hydroqulnone ; it  does  not  act  on  polarised  light. 

Metaphlorone.  This  is  a less  soluble  isomeric  modification  of  phlorone,  which 
remains  l^hind  when  phlorone  is  dissolved  in  water  at  60°,  but  crystallises  in  small  needles 
from  water  at  90°.  It  melts  at  125°,  dissolves  in  hot  water  somewhat  more  readily 
than  in  cold,  and  behaves  to  acids  and  alkalis  like  phlorone. 

PBoesmo  ACXD.  Syn.  with  Delphinic  Acn>  (il  309). 

PBOCBBU  or  paocxwnr.  Syn.  with  Drlphin  (ii.  309). 

PBCS2VXCZV*  Syn.  with  Sulpuopbcenicic  Acm.  See  Ikdioo-sulphcbic  Acids 
(hi.  261). 

PB<BVXCXTB  or  PBIEIXXBOCBBOZTB*  Syn.  withMELOXACUBOiTB  (iil  866). 

PBOIkBBZTB.  A kind  of  clay,  not  differing  much  from  Kaolin  in  composition, 
but  occurring  in  soft,  white  nacreous  scales.  Specific  levity  2 35 — 2*67.  Infusible. 
Occurs  at  Fins  in  the  dept,  of  Allier,  and  at  Rive  do  Gier,  dept,  de  la  Loire,  France, 
filling  fissures  in  nodules  of  iron  ore  in  the  coal  formation  ; also  at  Cache-Apres,  at 
Hons  in  Belgium  ; with  emery  at  Naxos,  and  with  diaspore  at  Schemnitz  (I)ann):  in 
flssues  of  the  bluish-grey  sandstone  of  Xi^^ro  in  U6rault  (Pisan  i)  near  Freiberg,  &e. 
(R.  Muller,  Jahresb.  1861,  p.  1003.) 

PHOBOUTS.  Syn.  with  Clixestoxe  (i.  1025). 

PBOBBSXBB  or  Peeudomorphine.  See  MoRpuiyB  (hi  1051). 

PBOROBB.  Syn.  with  Cakpbobokb  (i.  733). 

PBOBOXSBB.  Syn.  with  Oxtcbixibidb  of  Cabbon  or  Chlobxdb  of  Cabdoxtl 
(i.  774). 

PBOSOBXfXTB.  Chlorocarbonate  of  Lead  (hi.  339). 

PB08PBACBTXC  ACXB.  One  of  the  acide  which  Zeise  obtained  by  the  action 
of  pboephorus  on  acetone  (i  28). 
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VBOSraAat.  PHN*.  (H.  Rose,  Pogg.  Ann.  zxriiL  629. — Gerhardt,  Ann. 
Ch.  Phys.  [:)]  xviii.  188. — Schiff,  Ch.  Pharm.  ciii.  188.) — This  compound  is  the 
nitrile  of  phosphoric  arid,  its  relation  to  that  acid  being  similar  to  that  of  acetonitrile 
to  acetic  acid : 

C*H'0*  + NIP  - 2H'0  = C’H'N. 

Areiic  acid.  Acidoniirile. 

pn>0‘  + 2NH*  - 4H*0  - PHN». 

Phosphoric  acid. 

Itisobtam^:  1.  By  passingammonia-gns  orerpentachlorideof  phosphorus, and  hrating 
the  product  iu  a Mtnnim  of  carbonic  anhydride  (IL  Kose).  Ac'cording  to  Rose  the 
(X>mpound  thus  formed  is  a dinitride  of  phosphorus,  PN“;  but  according  to  Gerhardt  it 
has  the  oompositiou  above  given,  its  formatiou  taking  place  as  shown  by  the  equation  : 
PCB  + 2NH*  - 6HC1  + PHN» 


2.  By  saturating  phosphoric  anhydride  ns  completely  as  possible  with  ammonia-gas, 
and  beating  the  product  in  a dry  current  of  that  gas  (Sch  i ff) : 

P*0*  + 4NII*  - 2PHN>  + 6U*0. 


On  treating  the  product  with  cold  water,  phosphoric  acid  dissolves,  and  phospbam 
remains. 

Phospham,  prepared  by  the  first  process,  isabulky  powder,  white  if  moisture  has  been 
carefully  excluded  during  its  preparation,  reddish  in  the  contrary  case;  as  obtained  by 
the  second  process  it  is  yellowish-red.  When  heated  in  a close  vessel  it  neither  fuses 
nor  volatilises.  Water  decomposes  it  at  a high  tompc>rature,  foiTning  ammonia  arid 
pliosphoric  acid,  and  it  is  decooiposed  in  like  manner  by  fusion  with  hydrate  of 
potassium. 

PBOSPSAjaXC  AOZB.  PH’^NO^  — (PO)*'Vq. — This  compound  is  produced, 

according  to  Schiff  (Ann.  Ch.  Pharm.  ciii.  168),  by  the  action  of  ammonia-gas  on 
phosphoric  anhydride,  according  to  the  equation : 

P*0»  + 2NH*  = 2PH*KO*  + H*0. 

also  by  the  action  of  water  on  chloronitrido  of  phosphorus  : 

NPCl*  + 2H*0  - PH*NO*  + 2HCL 


Gladstone,  however  (Chem.  Soc.  J.  xvii  229),  has  shown  that  the  product  formed  in 


both  those  reactions  is  pyrophosphodiamic  acid,  P*K*H*0* 


(P’0‘ 

II* 


H*  ) 

> 

II*  ) 


Qx*  according 


to  the  equations: 

P»0*  + 2NII*  = 

2N>P’CP  + 16H^O  - SP^N^HKP  + 12HC1. 


(See  Ptb0pho8PUamic  Acu)s.) 

C*II' 

riunt/l-phogpha)iiic  acid,  (PO)" 

apparently  producing  this  compound  (Schiff)  [or  perhaps  phenyl-pyrophosphodiamic 
acid]. 

pgQSPH  AMTP8S.  These  are  compounds  formed  from  one  or  more  molecules  of 
ammonia,  by  the  substitution  of  phosphalyl,  PO,for  3 atoms  of  hydrogen,  (Gerhardt, 
Ann.  Ch.  Phys.  [3]  xviii.  188.^H.  .Schiff,  Ann.  Ch.  Pharm.  ci.  300.) 

1.  Phospho  monamide,  N(PO)''*.  {Gerhaidt's  Bipk^>8phamide.) — This  compound, 
which  contains  the  elements  of  roono-ammonic  phosphate  mimat  3at,  water  [PJl*(NH^) 
O*  — 311^0],  is  obtained  by  heating  phosphodiamido  or  pbosphotriamidc  without  access 
of  air: 


N*H>PO  - 
Ph'>«phodl> 
amiiie. 

NH*  - 

NPO. 

N’II*PO  - 

Phusptio-trUiinide. 

2NH-  - 

NPO. 

It  is  a pulverulent  substance  noembling  phospho-triamide  in  its  reactions,  but  still 
more  difficult  to  discompose. 

2.  Phosphodia  midc,  |n*.  (Gerbardt's  PAos^Aam/rfe.)— This  amide  which 

may  bercgard»>dasdiammonieplii>sphate,  PH^NI1*)*0‘,  wiitus  3 at.  water,  is  pn>duced: 
1.  By  saturating  peutacUloride of  phospliorus  with  ammonia-gas,  whereby  the  so-chUihI 
VoL.  IV.  K K 


Aniline  acts  strongly  on  pho.sphoric  anhydride, 
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cMorophosphamidf,  N*IPPC1*,  appears  to  be  first  formed,*  and  boiling  this  product  with 
water : 

m*  + 4NH*  = Nnppci*  + 2Nn*ci. 

and  ' N»H*PCP  + H*0  « K^H’PO  + 3Ha 

The  product  is  purified  by  boiling,  first  with  caustic  potash,  then  with  nitric  or  sul- 
phunc  acid,  and  finally,  oy  washing  with  water.  It  is  a white  powder,  insoluble  in 
water,  alcohol,  and  oil  of  turpentine.  When  heated  without  access  of  air,  it  gives  oflF  am- 
monia, and  leaves  phosphonionamidc ; but  if  moisture  be  presfut,  it  yields  ammonia 
and  metaphosphoric  acid.  FusikI  with  hydrate  of  potassium,  it  gives  off  ammonia  and 
leaves  phosphate  of  potassium.  It  resists  the  action  of  most  oxidising  agents ; but  is 
slowly  oxidised  by  fusion  with  nitre,  and  deflagrates  with  chlorate  of  potassium. 

Liebig  and  Wohler,  who  discovered  this  compound,  supposed  it  to  be  a hydrate  of 
phosphide  of  nitrogen,  PN*.H*0. 

3.  Phosphotriamide,^^^}  |n*  — P(NH*/0*  — 3H*0. — When  dry  ammoniacal 

gas  is  slowly  passed  into  oxychloride  of  phosphorus  (chloride  of  phosphatyl,  POCl*), 
and  the  product  afterwards  treated  with  water,  a solution  of  sal-ammoniac  is  obtained, 
together  with  a snow-white,  amorphous  insoluble  substance,  which  is  phosphotriamide : 
POCl*  + 6NH»  » 3NH*a  + N>H«PO. 


This  componnd  is  scarcely  attacked  by  continued  boiling  with  wafer,  potash* ley,  or 
dilute  acids.  It  is  very  slowly  decomposed  by  boiling  with  strong  nitric  or  hydro- 
chloric acid,  more  readily  by  aqua-rt^a.  Strong  sulphuric  or  nitro-sulphuric  acid 
dissolves  it  easily  at  a gentle  heat,  forming  a solution  which  contains  ammonia  and 
phosphoric  acid.  It  is  not  completely  decomposed  by  beating  with  soda-lime.  When 
fusoa  with  hydrate  of  potassium,  it  gives  off  a large  quantity  of  ammonia,  and  leaves 
phosphate  of  potassium.  Heated  alone,  out  of  contact  of  air,  it  also  gives  off  ammonia, 
and  leaves  phosphomonumide,  which,  on  being  heated  with  potash,  evolves  more 
ammonia,  ana  loaves  phosphate  of  potassium. 

(por  j 

THphcnul-phosBhotriamidf,(C‘ll‘)'\H',  is  obtained  by  the  actaon  of  anbydroos  ani- 
H>  ) 

line  on  oxychloride  of  phospbonis ; it  is  a vbito  moss,  more  easily  dccomposible  than 
phosphotriamide. 

(Por ) 

Trinaphihvl-phospho(riamidc,{0*W'f\^\  is  obtained  in  like  manner  by  the  action 

n>  j 

of  naphthylamine,  (C'"IP)H*N,  on -oxychloride  of  phosphorus. 

Stdphophosphotriamidf,^^^}  obtained  by  treating  sulphochloride  of  phos- 

phorus, PSCF,  with  ammoniacal  gas ; it  is  also  a white  mass,  which  is  decomposed  by 
water,  with  evolution  of  sulpbydric  acid  gas. 

Triphenpl-atdphophosphotriamidf,  ; is  obtained  in  like  manner,  by  the 

action  of  aniline  on  sulphochloride  of  phosphorus.  (Schif^  Ann.  Ch.  Pharm.  ci. 
300.) 


VBOBrXADKMOWXUlKS.  Bases  formed  on  the  mixed  type,  | i fer  ex- 

ample,  ethpUnf’(rimtthyldruthpl~p/iospha7n7noniian^ 

VB08PHABKTX>-TUZTBTXdnnC  and  PBOSrKAam-TRXMSTBT- 
XXtnvX.  (See  PuusruoHUS-bASES.) 

PBOSPBABZliXC  ACZD.  Syn.  with  PiiENTL-riinsPHAVic  Acid  (p.  498). 


PBOSPBABTZMOWZO  ACZ1>«  This  name  is  applied  to  the  solution  obtained 
by  dropping  pcntachloridc  of  antimony  into  Hqu<H)us  phosphoric  acid.  It  precipitates 
certain  alkaloids,  morphine,  narcotine,  nicotine,  dec. 

-„TT«p  ) 

PB0flPH4B80BIUM8.  Bases  formed  on  the  mixed  type, 
ent‘h<^xcthpt-pho9pharaoniumf 


* The  Action  of  ammonia  on  pentachloride  of  phniphorus  U complicated,  Mveral  prodaeU  being 
formed,  one  of  which  U cbloronltrkle  of  phoipborui,  P*M*C1*. 
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PHOSPBATX8*  See  PHOspnoRi'P,  Oxidbs  akd  Oxygen-actda  of. 

PB08PHATZC  ACZO«  Hypophtupkoric  acid.  Ptihtier's  Phosphorous  acid. — 
These  immee  Jire  ap|»lied  to  the  syrupy  mixture  of  phosj)horic  and  phoflphorous  acids 
produced  by  the  slow  combustion  of  pliosplionis  in  moist  air.  A convenient  way  of 
preparing^  it  i«  to  intixxiuce  a number  of  sepnnito  6tick.<i  of  phosphorus  into  glass 
tubes  an  inch  long,  open  aV^ove  and  below,  but  drawn  out  ftinned-shape  at  tlie  bottom, 
these  tubes  being  arranged  in  a funnel,  and  the  funnel  insert^H!  into  n lx)tt]e  which 
stands  in  a dish  containing  water.  The  whole  nrrangemout  is  covered  with  a boll-jar, 
but  in  such  a manner  as  to  give  access  to  the  external  air,  which  however  should  not 
be  very  warm  as  in  that  case  the  phosphorus  may  melt  and  take  fire.  The  acid  w hich 
collects  in  the  l>ottle  is  equal  to  tbree  times  the  weight  of  the  phc«phorus  cousutuKl, 
but  may  bo  obtiuned  in  a more  concentrated  state  by  evaporation.  It  is  a mixture  of 
about  1 at.  pho.sphorous  acid  to  4 at.  phosphoric  acid. 

PHOSPHSTHZC  ACZS.  The  name  given  by  Zeiso  (Ann.  Ch.  Phnrm.  xli.  31) 
to  an  acid  which  he  abtainiKl  by  the  action  of  finely  divided  phosphorus  on  ether. 


See  Phosphobcs-hases. 


PBOSPHETHTZ.ZI7M.  > 

PBOSPHBTHTl^TRZimiTHTUirXK.  ( 

PBOSPBTDES.  Compounds  of  phosphorus  with  more  basic  elements  or  com- 
pound-nulicles.  The  phosphides  of  hydrogen  have  b<*en  already  describtHl  (iii.  11*9); 
also  the  general  characters  of  the  metallic  phosphides  (iii.  941);  for  the  spe<*ini 
descriptions,  see  the  several  metals.  The  phosphides  of  the  alcohol-radicles,  e.y.  tri- 
ethyl-phosphine (C*IP)*P,  will  be  described  under  PiiosrnoRus-BABBs. 


VBOSPHZXZSS.  See  Phosphorus,  Oxtoen-acids  of. 

PH08PH0*8BMXABCZC  ACZX>«  An  acid  produced  by  the  action  of  phos- 
phoric anhydride  on  oil  of  bergamot  (i.  581). 

PBOSPBOCSRZTB.  Native  phosphate  of  cerium.  (See  Phosphates.) 
PB08PB0CBAECZTB*  Native  hydrated  cupric  phosphate.  (See  Phosphates.) 
PBOSPBOGZiTCEBZC  ACXZ>.  Syn.  with  Gltcxropuosphosic  Acid  (iL  891). 
PB08PH0-BYZ>R0QUZW0BZ0  ACZB.  OH’PO\  (Sec  Derivatives  of 
Htdroquinonb,  iii.  217.) 


See  Phosphorus-bases. 


M08PB0-mTHTX»ZUaZ. 

PK08Pa0XSTHTZ.-TBZ8TB'IXZiniZ. 

PBO8PB0»X0ZiTBl>ZC  AC11>.  See  MoLTnDRN'UM  (iii.  1037). 

PHOSPBOKE8CE77CZL  See  LiGUT  (iu.  690,  632.) 

PB08PB0BZC  ACZXI.  f ^ ^ 

rnosPHOKIc  ethers,  j Puosphobus,  Oxro«i-Acm»  or. 

PBOSPBOBZTE.  A massive  radiated  variety  of  Hpatite(i.  348),  chiefly  obtaine<l 
fri)m  Estremadura  in  Spain  and  Schlackenwald  in  llohemia. 

PB08PH0B0CHAXCZTB.  A variety  of  hydrated  cupric  phosphate.  (See 
Phosphatrs.) 


PB08PB0B08A8CZZ>B8*  Amidi^  in  which  3 at.  hydrogen  are  replaced  by 
1 at.  phosphorus.  Trichloride  of  phosphorus  abscrl^  3 at.  of  ammonia,  forming  a 
white  mass  of  sal-ammoniac  and  phosphoroso-triamide,  N’H*P' ; 


PCI*  + GNU*  - 3NH*C1  + N'IPP. 

This  mass  when  heated  out  of  contact  with  the  air,  gives  off  ammonia  and  sal-ammo- 
niac, leaving  a yellowish  amor|>hous  residue  which  has  been  dt*scrilM*d  as  a pho«.phidn 
of  nitrogen,  but  which  in  all  probability  is  a mixture  of  phosphoroso-diamide, 
N*U*P^,  and  phosphoroso-monamide,  NP*. 

PB08PBOR0V8  ACZX>  AN1>  ETBSRS.  Sec  Piiosl'llORUs,  Oxtork-acids 


PB08PB0BIT8.  Atomic  uuight  31.  Symind  P.  Combininy  wdvmc  Vapour- 
density^  by  calculation  «»  62  referred  to  hydrogen  as  unity ; 4 284  referred  to  air ; by 
observation,  62*1  and  4 35. 

This  clement,  though  very  widely  diflused  in  water,  is  never  found  in  the  uncombined 
state,  but  almost  always  iu  the  form  of  a metallic  pliospliate,  and  chiefly  as  phosphate 
of  calcium,  which  forms  the  princip.il  constituent  of  apatite,  phosphorite,  coprolit<*»,  fee. 
Combined  phosphoric  acid  is  also  found,  though  in  very  minute  proportions,  in  most  of 
the  primitive  rocks,  and  in  soils  produced  by  their  disintegration,  whence  it  is  taken  up 
by  plants,  accumulating  chiefly  in  the  seed.  From  the  vegetable  ii  passe.s  into  the 
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aniirinl  kingdom,  when'  it  exists  in  the  largest  proportion.  It  is  found  in  the  blood,  in 
the  urine,  in  all  the  soft  tissues,  esjjocially  the  iienous  tissue,  and  in  the  bones,  of 
which  indee<l  phosphate  of  calcium  constitutes  the  chief  earthy  ccjustituent.  Traces  of 
phosphoric  acid  haye  also  been  found  in  the  water  of  springs  and  rivers,  and  according 
to  Itarral  (Compt.  rend,  li,  769)  in  rain-water. 

Phosphorus  was  discovered  in  1669  by  Brandt  of  Hamburg,  who  obtained  it  by 
distilling  the  residue  of  evHponited  urine  with  charc*oal.  Gabn  in  1769  showed  it  to 
be  a constituent  of  bones,  and  Scheele,  six  years  later,  founded  on  this  oliservation  a 
pr»x*eas  for  the  extraction  of  phosphorus  from  bones,  namely  by  digesting  white-burnt 
lx>nes  for  several  days  with  dilute  nitric  acid,  removing  the  lime  by  sulphuric  acid, 
evaporating  to  a syrup,  and  distilling  with  charcoal  powder.  This  process  was  simpli- 
fied by  Nicolas  and  Pelleti  er  (J.  Phys.  xi.  and  xxviii.)  who  decomposed  the  bone- 
ash  directly  with  sulphuric  acid;  and  Fourcrov  and  Vauquelin  (J.  Pharm.  i.  9) 
afterwards  determined  the  exact  proportion  of  sulphuric  acid  required  for  the  complete 
decomposition  of  the  bone-earth. 

Bone-earth  consists  mainly  of  tricalcic  phosphate  Ca*P*0*.  Now  earthy  and  alkaline 
phosphates  containing  3 atoms  of  metal  are  not  di^mposed  by  ignition  with  eharooal,  but 
phosphoric  acid  and  anhydride  are  completely  reduced  by  this  treatment,  while  the 
metapliosphates,  which  may  be  regarded  as  compounds  of  triiuetallic  phosphates  with 
jiliosphoric  anhydride  (c.  3CaP*0*  « Cu*P^O"  + 2l’*0*l,  an' partially  reduced,  nio 

first  step  therefoi*e  in  the  manufacture  of  phosphorus  consists  in  the  pn^uction  of  calcic 
metaphosphate. 

Bones  are  burnt  to  a white  ash  which  is  finely  powdered  and  mixed  with  a quantity 
of  dilute  sulphuric  acid  sufficient  to  abstract  two-thirds  of  the  calcium  frt'm  the  calcic 
triphosphate  and  to  decompose  the  whole  of  the  calcic  carbonate  contained  in  the  l»one- 
ash.  About  3 pta  bone-ash  and  2 pts.  strong  sulphuric  acid  mixed  with  13  pta.  water 
are  lb.?  proportions  generally  employed : 

+ 2IHSO*  Ch"H*P»0*  ♦ 2Ca"SO*. 

Afler  subsidence,  the  soluble  monocalcic  phosphate  (superphosphate  of  lime)  is  strained 
and  pressed  from  the  insoluble  gypsum,  which  is  slightly  washed  with  water.  The 
washings  are  added  to  the  phosphate  solution,  which  is  then  evaporated  to  a syrup,  mixed 
with  al>oat  one-fourth  its  weight  of  charcoal  powder,  and  heated  gradually  to  null  re<l- 
ness  in  an  iron  pot,  stirring  all  the  time.  By  this  means  the  basic  water  of  the  mono- 
calcic  phosphate  is  drawn  off,  and  a porous  mixture  of  charcoal  and  metaphosphate  is 
obtained : 

= CoTPH)*  + 2H»0 ; 

and  on  distilling  this  mixture  at  a bright  rod  heat,  phosphorus  is  set  free  and  passes 
over  in  vaf)our,  which  may  be  condensc<l  under  water;  carbonic  oxide  also  esea]>e8  and 
triculeic  phosphate  is  ri'produced  and  remains  behind : 

3Ca"P»0«  + €'•  « Ca>P*0»  + lOCO  + P*. 

By  mixing  sand  with  the  charooal-paste.  as  recommended  by  Wohler,  the  whole  of 
the  pliosphorus  may  be  expelled,  the  calcic  phosphate  being  entirely  converted  into 
silicate; 

2C;rr«0«  + 2S10»  + C"  - 2Ca"SiO*  + lOCO  + P». 

The  distillation  is  performed  in  an  earthen  retort  a (fy,  735),  which  is  coated  ex- 
ternally with  a thin  paste  consisting  of  a mixture  of  equal  parts  of  liorax  and  fire-clay 
to  render  the  retort  less  porous.  The  heat  is  slowly  raised  to  full  redness,  and  the 
phosphorus,  which  rises  in  vapour,  is  conveyed  by  a wide  copper  tube,  bent  as  at  5,  so  os 
to  dip  into  water  contained  in  a vessel  prorided  with  a smaller  tube  for  conveying 
the  uncou<lensod  gases  into  a cliinmey.  The  phosphorus  condenses  in  yellow  drops 
which  sink  to  the  bottom  of  the  water,  without  coming  in  contact  with  the  air.  On 
the  large  scale  a number  of  retorts  containing  the  mixture  are  !ieate<l  in  a galley-furnace. 

According  to  calculation  the  jneld  of  phosphorus  by  the  method  above  described  (not 
u.Hing  sand)  should  amount  to  11  per  cent,  of  the  bone-ash,  and  in  carefully  conduct^ 
OfHTutions  this  amount  is  in  fact  obtuine^l,  but  the  average  yield  does  not  exceed  8 per 
cent.,  the  loss  arising  principally  from  difficulties  in  the  process  of  distillation.  The 
consumption  of  fuel  is  also  very  large,  and  the  cost  of  the  process  is  greatly  increased 
by  the  frequent  breakage  of  the  earthen  r<-torts.  It  has  not  yet  been  found  possible  to  ob- 
viate these  inconveniences  in  the  process,  and  accordingly  the  efforts  of  manufacturers  have 
rather  been  directed  to  make  up  for  the  unavoidable  losses  involved  in  the  preparation 
of  phosphom.s,  by  a judicious  application  of  the  st^con^huy’  products,  especially  by  making 
use  of  ilio  animal  matter  of  the  bones,  which  was  formerly  allowe<l  to  burn  away. 

With  this  view  the  bones  are  first  freed  from  fat  by  boiling  them  with  water  and 
skimming  off  the  liquid  fat  which  floats  on  tlie  surface ; this  fat  may  be  used  for  the 
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pr<?pamtioD  of  MMp.  The  bones  are  tlien  cither  Bubjected  to  the  action  of  soperheated 
Btram,  whereby  the  gelatioouii  matter  is  extracted,  and  the  romainiDg  earthy  matter, 
after  being  dried  and  calcined,  ia  used  for  the  preparation  of  phoephorus  as  above  dt> 

Fig.  735. 


scribed ; or  they  are  treated  with  dilute  hydrochloric  acid,  which  dissolves  out  the  earthy 
matter  and  leaves  the  cartilaginous  substance  in  a state  available  for  the  preparation 
of  gelatin ; and  the  acid  solution  is  precipitated  with  milk  of  lime,  or  better  with  crude 
carbonate  of  ammonia,  whereby  tricalcic  phosphate  is  obtained,  to  be  used  as  aU>vc. 

Another  mode  of  operation  consists  in  subjecting  the  bones  to  destructive  distilbition, 
whereby  ammonium -salts  and  bone-charcoal  are  obtained.  The  latter  is  either  first 
used  in  the  refining  of  sugar,  and  after  it  has  become  unavailable  for  this  purpose  cal- 
cined for  the  preparation  of  phosphorus ; or  it  is  purified  by  exhaustion  with  hot  hydro- 
chloric acid,  and  the  solution  separated  from  the  purih^  charcoal  (notr  purijti)  is 
transformed  as  above  into  tricalcic  phosphate. 

Of  late  years,  processes  of  manufacture  hare  b'^n  proposed  which  dispense  with  the 
necessity  of  decomposing  the  bones  with  sulphoric  acid.  F 1 eck  (Polyteckn.  Ccntralbl. 
1856,  p.  681 ; Pbarm.  J.  Trans,  xvi.  173)  macerates  the  bones  with  dilute  hydrochloric 
acid,  and  evaporates  the  decanted  solution  to  such  a degree  of  concentration,  that  on 
c(H)]uig  it  deposits  ciystals  of  acid  phosphate  of  calcium.  This  salt,  after  being  freed 
from  mother-liquor  by  pressure  between  porous  stones,  is  mixed  with  a fourth  part  of 
its  weight  of  wood-chaiwal  and  distilled. 

Cary-Mantrand  (Compt.  rend,  xxxvi.  854)  passes  hydrochloric  acid  gas  over  a 
mixture  of  bone-phosphate  and  charcoal  at  a red  heat,  whereby  the  whole  of  the  phoe 
phoms  is  set  free  and  chloride  of  calcium  remains : 

aI'P*0“  + C*  + 6Ha  = 3Ca"CP  + SCO  + H*  + P*. 

This  mixture  is  introduced  into  ftre-clay  cylinders  open  at  both  ends,  laid  horizontally 
in  a furnace,  connected  at  one  end  wUh  an  apparatus  fur  generating  hydrochloric 
acid  gas,  and  provided  at  the  other  with  copper  adapters  dipping  into  receivers  con- 
taining water.  At  the  close  of  an  operation,  the  residue  of  chloride  of  calcium  and 
charci^  may  be  removed  from  the  cylinders  and  a fresh  charge  introduced,  without 
putting  out  tlie  fire.  The  chloride  of  calcium  may  be  de.'»>mpos^  by  sulphuric  acid,  so 
ns  to  yield  hydrochloric  acid  for  the  next  operation.  It  does  not  appear  however  that 
either  this  or  the  preceding  process  has  yet  been  adopted  on  the  manufacturing  scale, 
the  old  process  by  Nicolas  and  Pelletier  being  that  which  is  invariably  used. 

Pur^/itaiion. — The  crude  phosphorus  obtained  by  the  6rst  distillation  is  contaminated 
with  oxides  of  phosphorus,  red  phoephoru^  and  other  substances  which  give  it  a red  or 
brown  colour.  It  is  purified  by  mechanical  filtration  or  pressure  through  chamois- 
leather,  by  redistillation,  or  finally  by  chemical  means,  viz.  by  fusion  and  partial  oxi- 
dation, The  old  method  of  pressing  through  chamois-leathf^r  appears  to  be  no  longer 
ia  use,  the  supply  of  chamois-leather  in  fact  nut  being  sufficient  for  the  purification  of 
the  large  quantities  of  pho^honis  now  manufactureiL  Tlie  filtration  through  slabs  of 
ehamoue-stooe,  or  layers  of  chare  ml,  introduced  into  French  manufactories,  bus  been 
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abandoned  as  too  slow.  The  purification  of  phosphorus  by  redistillation  is  simpler, 
but  is  attended  with  some  loss  and  involves  a considerable  expenditure  of  fueL 

In  most  manufactures,  the  purification  of  phosphorus  is  now  successfully  and  econo- 
mically efl'ecled  by  treating  the  crude  product  with  sulphuric  acid  and  chromate  of 
potassium,  as  first  suggested  by  Wohler,  i'or  this  purpose  a mixture  of  chromate  of 
potassiumaiid  sulphuric  acid  is  addedto  the  melted  mass  of  crude  phosphorus.  The  red 
phospliorus  appears  tlieu  to  be  oxidised  first,  and  the  impurities  rise  to  the  surface  in  the 
form  of  a scum,  while  the  pure  phosphorus  remains  colourless  and  transparent  at  the 
bottom  of  the  vessel. 

Moulding. — l^hosphorus  is  frequently  sent  into  the  market  in  sticks.  This  shape  was 
formerly  given  to  it  by  drawing  the  melted  phosphorus  into  glass  tubes  with  the  mouth, 
care  being  taken  to  keep  the  upper  part  of  the  tube  filled  with  water.  This  dangeroxis 
method  has  however  been  entirely  superseded  by  the  following,  deWsed  by  Seubert 
(Ann.  Ch.  i’harm.  xlix.  346). — The  phosphorus  is  liquefied  in  an  elliptical  or  conical 
vessel  containing  water,  which  is  kept  exactly  at  the  melting  point  of  phosphorus  (44®  C. 
or  111®  F.).  From  the  bottom  of  this  vessel  there  proceeds  an  elbow-tube,  connecteil  by 
A socket  and  sto|»cock  with  a horizontal  glass  lube  soldered  into  the  side  of  a vessel 
containing  cold  water.  On  opening  the  cock,  the  liquid  phosphorus  flows  into  the  liori- 
xontal  tube,  where  it  solidifies ; and  by  thrusting  a copper  wire  a little  way  into  the 
tube,  allowing  the  phosphorus  to  solidify  around  it,  and  then  gradually  with- 
drawing the  wire  with  the  stick  of  phosphorus  adhering  to  it,  the  melted  phosphorus 
will  continue  to  flow  into  the  tube  and  solidify,  and  may  then  be  drawn  out  into  u long 
cylinder,  which  may  afterwards  be  cut  into  sticks  of  any  required  length. 

The  same  apparatus  may  be  used  for  the  granulation  of  phospliorus.  For  this  pur- 
pose, the  Vessel  containing  the  horizontal  tube  is  filled  with  cold  water  only  to  just 
Wlow  the  level  of  that  tube,  and  upon  it  is  carefully  poured  a layer  of  warm  water,  a 
thin  board  being  interposed  to  prevent  the  warm  water  from  at  once  mixing  with  the 
cold.  On  opening  the  stopcock  to  a moderate  extent,  the  melted  phosphorus  flows  to 
the  end  of  the  horizontal  tube  and  falls  out  in  successive  drops,  which  solidify  iu  passing 
through  the  cold  water,  and  collect  at  the  bottom  in  grains. 

Phospliorus  may  also  be  granulated  by  agitating  it,  while  in  the  fused  state,  with  a 
warm  liquid  till  it  solidifies.  For  this  purpose,  according  to  Cassarca  (J.  Pharm. 
xvi.  202),  alcohol  of  36*'  B.  is  better  adaptetl than  water.  According  to  Bdttger 
{Bntriige  sur  Chemie  und  Vhysik,  i.  65 ; ii.  127),  the  liquid  whiclj  reduces  phosphorus 
to  the  finest  state  of  granulation  is  human  urine  ; and  it  derives  this  property  from  the 
urea  which  it  contains,  so  that  an  aqueous  solution  of  artificial  urea  may  be  us«l  as  a 
more  cleanly  substitute  for  the  urine.  A tall  cylinder  an  inch  wide  is  half  filK*d  with 
H liquid  of  this  kind,  and  lu-at  appliini  till  the  phu«)phorus  introduced  into  it  is  raelttHl : 
the  phosphorus  is  then  worked  about  fur  two  minutes,  by  means  of  a twirling  stick 
which  pusses  tlirough  the  opening  of  the  wooden  cover  of  the  cylinder;  it  is  thus 
brought  into  a fine  state  of  division.  The  remaining  piirtion  of  the  cylinder  Is  then 
filled  with  cold  water,  the  twirling  motion  ladng  continued  all  the  while.  When  the 
liquid  comes  to  r»*st,  the  phosphorus  is  dt  pjsiteu  in  the  stale  of  powder ; the  liquid  is 
then  poured  off)  and  the  phosphorus  washed  with  water.  Respecting  the  sui>posed 
mode  of  action  of  the  urea,  see  ScUiff  (Ann.  Ch.  Plmmi.  cxviii.  88).  Bloudlot  (J. 
Pharm.  [4]  i.  72)  recommends  the  use  of  sugar  or  of  a salt  iu  place  of  urea. 

To  tlie  larger  manufacturers  of  lucifer-matches  tho  phosphorus  is  often  supplied  in 
solid  cakes  or  Chinese's. 

For  further  details  on  the  preparation  and  purification  of  phosphorus,  s<‘e  Richard- 
son aud  Watts’s  Cktmical  Technology,  vol.  i.  pt.  4,pp.  110-— 125;  also  llofmanu’s 
Report  on  Chimical  Pn^ducU  mid  Prek  ts^s  in  tfie  Exhibition  of  1862,  pp.  93 — 96. 

Properties. — Phosphorus,  when  freshly  prepared  and  quite  pure,  is  almost  perfi^tly 
transparent  and  colourless,  or  with  only  a faint  yellowish  tinge.  It  melts  at  44®,  form- 
ing a viscivl  oily  liquid  which  sometimes  n*tains  its  fluidity  when  cooled  several  d»^re«>« 
below  the  melting  p»iiut,  but  solidiflt's  instantly  when  touched  wdth  n solid  liody.  The 
specific  gravity  of  ordinary  phosphorus  is  variously  stat*  d at  from  1*77  {lierz.  Jxhrh.  i. 
218)to2  09  (Bdttger,  in  Gnulin's  Handboifk).  *Ac<H»rdiiig  to  Gladstone  and  Dale 
(Phil.  Mag,  [4]  xviii.  30),  the  specific  gravity  of  soli«l  phosphorus  at  53®  is  1'823  ; that 
of  pliosphoinis  reniaining  liquid  Ixdow  its  melting  j)oiut,  1763.  It  is  a non-conductor 
of  electricity  in  the  solid  and  in  the  liquid  slate. 

In  warm  weather  phosphorus  is  somewhat  flexible  und  may  be  bent  without  breaking, 
but  near  the  freezing  point  it  laK^omes  brittle.  When  phosphorus  is  broken,  it  exhibits 
a crvstalline  fracture,  out  distinctly  formed  crystals  of  phosphorus  cannot  be  obtained 
by  fusion,  except  when  u wry  large  quantity  is  openit^  on.  Crystals  of  phosphorus 
may  l»e  ohtnine<l  by  cooling  a hot  siiturated  solution  of  phosphorus  in  rock-oil,  or  in 
sulphide  of  phosphorus,  or  by  the  eviqK>ration  of  iU  solution  in  sulphide  of  carbon.  Tlie 
gry  stals  of  phosphoiwi  are  usually  either  regular  octahedi'ons,  or  rhombic  dodecahedrons. 
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Phoephonu  boils  in  closed  ressels  at  '260®  (Heinrich),  288®  (Dalton),  290® 
(Pelletier,  Ann.  Chem.  ir.  3).  Its  vapour-density,  according  to  Devi  lie  and 
Troost  (Bull.  Soc.  Chim.  v.  434),  is  4 35  at  600®  and  4 50  at  104^  referred  to  air  as 
unity.  The  former  number  gives  for  the  specific  gravity  of  the  vapour  referred  to 
hydrogen  as  unity,  the  number  62*1,  which  is  rather  more  than  double  the  atomic 
weight  of  phosphorus.  Hence  it  appears  that  the  atom  of  phosphorus  in  the  gaseous 
state  occupies  only  half  the  bulk  of  an  atom  of  hydrogen  (see  Oases,  Coxhikatiox  op 
BT  VOLUME,  ii.  810). 

Phosphorus  is  insoluble  in  xcat^r,  slightly  soluble  in  ether,  but  more  so  in  benzene,  oil 
of  turpentine  and  other  essential  as  well  as  infxed  nils.  It  is  also  freely  dissolved  by 
chloride  of  sulphur,  trichloride  of  phosphorus  and  sulphide  of  carbon. 

Phosphorus  is  extremely  inflammable,  taking  fixe  in  the  open  air  at  a temperature 
very  little  above  its  melting  point,  burning  with  a brilliant  white  flame,  and  emitting 
dense  white  fumes  of  phosphoric  anhydride.  If  it  contains  impurities  it  takes  fire  still 
more  easily,  the  heat  developed  by  slight  friction  being  often  sufficient  to  inflame  it. 
Phosphorus  must  therefore  bo  handled  with  great  caution ; a bum  from  it  is  verj*  severe 
and  difficult  to  heal  It  must  always  be  kept  under  water  till  wanted  for  use;  it  may 
then  be  taken  out  and  dried  by  gentle  pressure  between  filtering  paper;  it  is  best  also 
to  cut  it  under  water.  When  u solution  of  phosphorus  in  sulphide  of  carl)on  is  dropped 
upon  filtering  paper  and  left  to  evaporate  in  the  open  air,  the  finely  divided  phosphonis 
wliich  remains  on  the  paper  absorbs  oxygen  so  rapidly  that  it  immediately  takes  fire. 

The  flame  of  hydrogen-gas  iinpn*gimt^  with  phosphorus,  as  produced  by  the  intro- 
duction of  free  phosphorus,  hypophosphorous  acid  or  phosphorous  acid  into  Marsh’s 
apparatus  (i.362),  exhibits  when  examined  by  the  spectroscope  two  intense  green  lines, 
one  of  which  coincides  with  a line  in  the  barium-spectrum.  This  reaction  is  so  delicate 
that  it  will  distinctly  indicate  the  presence  of  phosphorus  in  the  hydrogen  evolved  on 
dissolving  ordinary  iron  wire  in  dilute  sulphuric  acid  (Christofle  and  Beilstoin, 
Compt  rend.  Ivi.  399),  see  also  Segnin  {ibid.  liii.  1272). 

Phosphorus,  when  exposed  to  the  air  at  ordinary  temperatures,  gradually  absorbs  oxy- 
gen and  undergoes  a slow  combustion,  giving  off  a white  vapour  which  has  a peculiar 
garlic  odour,  and  consists  of  phospliorous  anhydride  mixed  with  a little  phosphoric 
anhydride,  or  if  the  air  is  moist,  of  the  corresponding  acids  (p.  499).  In  a dark  room 
the  slowly  burning  phosphorus  and  the  vapour  given  off  from  it  shine  with  a greenish- 
white  light. 

The  slow  combustion  of  phosphorus  is  affected  by  several  circumstances.  In  pure 
oxygen  of  ordinary  density  it  does  not  take  place  at  all  at  temperatures  below  15®,  but 
on  rarefying  the  oxygen,  or  diluting  it  with  nitro^n,  hydrogen  or  carbonic  anhydride, 
the  phosphorus  becomes  luminous  in  the  dark  at  Tower  temperatures.  * Id  the  air,  the 
luminosity  is  not  perceptible  at  temperatures  more  than  a few  degrees  below  0®,  but 
becomes  sensible  at  that  temperature  and  increases  at  a few  degrees  above  it.  Slow 
combustion  is  completely  prevented  by  the  admixture  of  certain  inflammable  vapours 
and  gases  in  minute  quantity  with  the  air;  thus  if  air  be  mixed  with  ^ of  its  bulk  of 
olefi^t  gas,  of  rock-oil  or  of  oil  of  turpentine  vapour,  a stick  of  phosphorus 
no  longer  becomes  luminous  when  exposed  to  it. 

Respecting  the  reactions  of  phosphorus  with  chlorine,  sulphur  and  other  elements, 
see  page  606. 

Modifications  of  Phosphorus. — Phosphorus  is  capable  of  assuming  several  diflferent 
forms  under  the  influence  of  causes  apparently  trifling.— a.  When  exposed  for  some 
time  to  light  under  water,  it  becomes  wnite,  opaque  and  scaly,  the  change  proceeiling 
from  the  surface  inwards.  This  white  phosphorus  has  a specific  gravity  of  1’616 ; it  is 
somewhat  less  fusible  than  the  transparent  variety,  and  is  reconverted  into  the  latter 
by  a temperature  not  exceeding  60®. — /3.  Another  modifleution  is  protluced  by  the 
sudden  cooling  of  melted  pliosphorus;  it  then  becomes  perfectly  (duck  and  opaque,  but 
is  restored  to  the  transpare  nt  colourless  condition  by  simple  fusion  and  slow  cooling. 
According  to  Blondlot  (Compt.  rend,  lx,  830;  Boll.  Soc.  Chim.  [2]  iii.  415),  this 
black  modification  is  the  type  of  pure  phosphorus.  He  obtains  it  by  first  purifying  or- 
dinary phosphorus  by  serend  distillations  (in  hydrogen  gas),  then  exposing  it  to  the  sun 
and  distilling  again.  The  product  collected  in  a receiver  cooled  ver>*  slowly  solidifies 
to  a white  mass  which  suddenly  turn.s  black  when  the  temperature  of  the  condensing 
water  falls  to  5®  or  6®.  It  is  important,  however,  to  know  whi  ther  the  hydrogen  used 
in  the  distillation  wa.*!  al)W)lutcly  pure ; since  the  least  trace  of  ci  rtain  met.als  or 
metalloids  would  be  sufficient  to  blacken  the  phosphorus. — y.  A viscous  modification, 
analogous  to  viscous  sulphur,  may  be  obtained  by  heating  very  pure  phosphonis  to 
near  its  melting  point,  and  suddenly  cooling  it. 

8.  Red  or  Amtrphous  Phosphorus. — This,  which  is  the  most  remarkable  modification 
of  phosphorus,  is  produced  wnen  ordinary  phosphorus  is  exposed  to  the  action  of  light 
or  heat  in  an  atmosphere  AOt  containing  oxygen,  or  when  it  is  heated  with  a small 
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quantity  of  iodine.  It  appears  to  hare  l>een  first  noticed  by  Bereelius,  who  found  that 
phosphorus  under  tlie  influence  of  coloured  light  acquires  a red  tint,  without  alteration 
of  weight,  and  at  the  »ime  time  Iom^  its  property  of  shining  in  the  dark.  Solmequently 
in  1844,  Emil©  Kopp  (Compt.  rend.  xlix.  346)  in  preparing  iodide  of  ethvl  by 
treating  alcohol  with  iodine  and  pho?«phoru9,  ohserred  the  formation  of  a red  modifica* 
tion  of  plioctphoms,  amorphous,  destitute  of  taste  and  odour,  Tory  little  disposed  to 
oxidise  at  onlinaiy  temperatures  or  even  at  the  heat  of  the  water-bath,  and  reconvert- 
ible  into  ordinary  phosplionw  by  dry  distillation.  These  obsenations  were  confirmed 
by  Berzelius  {Happort  Annuel,  1856,  p.  435),  and  by  Marcband  (J.  pr.  Cbem. 
rxxiti.  182).  Nevertheless  the  red  modification  of  phosphorus  did  not  attract  much 
attention  till  1868,  when  Schrotter  showed  that  it  might  be  prepared  by  simply  ex- 
posing ordinary  phosphorus  to  light,  or  more  readily  by  heating  it  to  near  its  boiling 
point  in  an  atmosphere  free  from  oxygen,  and  published  a detailed  account  of  its  pro- 
perties (Pogg.  Ann.  Ixxxi.  276).  Brodie  afrorwards  showed  (in  1852)  that  amorphous 
phosphorus  may  be  produced  by  heating  phosphorus  with  a small  quantity  of  iodine  in 
a sealed  tube  or  in  an  atmo.sphere  of  carbonic  anhydride,  or  by  melting  phosphorus 
under  strong  hydrochloric  acid,  and  then  adding  a sm^  quantity  of  iodine.  (Chem.  Soc. 
Qu.  J.  T.  286.) 

Fig.  736. 


Amorphous  phosphorus  may  be  prepared  on  the  laboratory  scale  by  placing  a 
quar.tity  of  driAl  common  phosphorus  in  the  bulb  of  a fiask  A {Jig.  736)  to  the  neck  of 
which  is  attachtni  a long  narrow  tube  b bent  doamwords  and  dipping  into  mercury;  the 
air  in  the  flask  is  displaced  by  means  of  a current  of  carbonic  anhydride,  which  is 
supplied  from  the  bottle  £,  and  dried  by  passing  through  the  tube*  i\  filled  with 
chloride  of  calcium ; the  tube  is  then  scaled  at  the  narrow  portion  a,  and  the  apparatus 
which  supplied  the  carbonic  anhydride  is  removed.  Heat  is  next  applied  to  the  flask 
by  means  of  an  oil-bath  e.  The  phosphorus  melts  readily,  but  by  regulating  the  beat 
steadily  between  23U^  and  235^  by  means  of  the  thermometer  t,  and  maintaining  it  at 
that  tcnipemture  for  thirty  or  forty  hours,  almost  all  the  phosphorus  will  be  brought 
into  the  solid  amorj)hous  state. 

The  apparatus  just  descril>ed  is  similar  in  principle  to  that  invented  niid  patented 
by  Mr.  Albright  of  Oldbury  near  Birmin^ium  for  the  preparation  of  amorphous 
jihosphorus  on  the  large  scale.  In  this  apparatus  the  phosphorus  is  heated  in  a 
conical  glass  vessel  placed  within  an  iron  vessel  of  the  same  sha{>e,  which  is  heated  by 
a b)ith  of  tin  and  lead.  The  mehins  vessel  is  provided  with  a tiglil-fitting  cover,  from 
which  there  proceeds  a safely  tube  dipping  into  mercury,  as  in  the  apparatus  above 
de.scriWd.  It  is  not  found  necessary  to  expel  the  air  from  the  apparatus  by  means  r>f 
C3irl>onic  anhydride,  as  the  small  portion  of  oxygen  contained  in  it  is  s(X)n  consunu'd  by 
the  combustion  of  a portion  of  the  phosphorus.  (For  a figure  and  full  description  of 
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this  apparatus,  Richardson  and  Watts’s  Chcmicnl  Tichn<^rgy,yo\.\.\)i,  A, 
p.  127.) 

Amorphous  phosphorus  prepared  as  abore  always  contains  a certain  quantity  of 
unaltered  phosphorus,  which  is  removed  by  washing  it  two  or  tliree  times  with  sulphide 
of  carbon,  in  which  common  phosphorus  is  soluble,  and  red  phosphorus  insolnble.  It 
has  been  recommendud  by  NiokKs,  in  order  to  avoid  the  use  of  much  sulphide  of 
carbon — a dangerous  as  well  as  disagreeable  snlMance — to  purify  red  phosphorus  by 
suspending  the  finely  divided  mixture  of  yellow  and  red  phosphorus  in  a solution  of 
chloride  of  calcium  of  specific  grurity  about  2*0.  In  such  a solution  common  phos- 
phorus floats,  while  red  phosphorus  sinks. 

Red  phosphorus  is  much  less  fusible  than  common  phosphorus ; it  may  be  heated 
to  250'*  without  alteration,  but  at  260^  it  is  reconverted  into  ordinary  phosphorus.  It 
also  differs  from  ordinary  phosphorus  by  being  insoluble  in  many  liquids  in  which 
the  latter  is  soluble,  such  as  sulphide  of  curl^n,  alcohol,  ether,  turpentine,  and  tri- 
chloride of  phosphorus.  The  two  modifications  differ  also  not  less  in  chemical  than 
in  physical  properties.  Common  pho.sphoni8,  as  already  observed,  oxidises  slowly  in 
the  air  at  common  t4>mperutures,  and  bums  rapidly  when  heated  to  about  60*^;  red 
phosphorus,  on  the  contrary,  is  not  at  all  oxidised  in  the  air  at  common  tempera- 
tures, emits  no  o<lour,  and  does  not  become  luminous  until  heated  to  nearly  260^,  the 
point  at  which  it  is  transformed  into  the  ordinary  modification.  Henco  it  is  not 
liable  to  take  firo  by  moderate  friction,  and  may  be  handled  without  danger,  and 
‘ preserved  in  bottles,  or  even  wrapped  up  in  paper  without  liability  to  alteration.  Its 
properties  differ  however  in  some  respeem  according  to  the  mode  of  preparation.  If 
prepared  hy  heat  it  has  a specific  gravity  of  2*14  : but  that  which  is  obtained  by  the 
action  of  iodine  on  common  phosphorus  has  a specific  gravity  of  2*23.  The  latter 
also  volatilises  like  arsenic,  without  previous  fusion,  and  condenses  to  a hard  black 
mass.  It  is  more  readily  acted  on  by  caustic  potash  than  the  former,  and  precipitates 
certain  metallic  solutions,  sulphate  of  copper  for  example.  (Brodie.) 

ReactionB  of  PhosphorM. — The  action  of  oxygen  on  ordinary  and  red  pboepborus  has 
been  already  described.  With  sulphur  ordinary  phosphorus  unites  rapidly  when  the 
two  bodies  are  melted  together,  the  combination  being  attended  with  vivid  combustion 
nnd  loud  explosion.  R4*d  phosphorus,  on  the  other  hand,  does  not  unite  witli  sulphur 
till  heatiKl  considerably  above  the  melting  point  of  the  latter,  and  even  then  the  com- 
bustion, though  rapid,  is  not  explosive.  SrUnium  unites  with  phosphorus  when  the 
two  are  heated  togt'ther  nearly  to  the  melting  point  of  the  latter. 

Hydrogen  passed  over  ph^phorus  contained  in  a glass  tube  takes  up  a small 
quantity  of  it,  sufficient  to  colour  the  flame  green,  but  no  definite  compound  appears  to 
be  formed.  But  when  phosphorus,  a metric  phosphide,  hypopbosphorons  or  phos- 
phorous acid  is  introduced  into  an  apparatus  for  generating  hydrogen,  the  evolved  giis 
appears  to  contain  a certain  quantity  of  phosphun>tted  hydru^n  (Dusart,  Compt. 
rend,  xliii.  1126). — Ammonia  acts  gTHdually  on  ordinary  pbus|3iom8.  producing  phus- 
phoretted  hydrogen  and  a compound  of  ammonia  with  an  oxide  of  phosphorus,  which, 
when  alcoholic  ammonia  is  us^,  is  deposited  on  the  sides  of  the  tube  as  a deep  black 
metallic  film  not  discomposed  W boiling  potash  or  sulphuric  acid.  Red  phosphorus 
has  DO  action  on  ammouia.  (Fluckigcr,  Anal.  Zeitschr.  ii.  398.) 

Ordinary  phosphorus  unites  directly  at  ordinary  temperature's,  with  rA/oriar,  bromine 
and  iodine,  the  combiuation  taking  place  rapidly  and  being  attendi'd  with  inflammation. 
Red  phosphorus  also  unites  with  these  elements  at  ordinary  temperatures,  the  combina- 
tion Ixdng  attended  with  evolution  of  heat,  but  seldom  sufficient  to  produce  ignition. 

Ckloridr  of  sulphur^  S*CF,  dissolves  ordinary  phosphorus  abundantly,  and  on  heating 
the  solution  a violent  reaction  takes  place,  atteuaed  with  ebullition  and  projection  of  thu 
muss.  The  same  violent  action  is  produceil  on  dipping  a stick  of  phosphorus  into  a 
column  of  chloride  of  sulphur  of  about  the  same  depth  and  volume.  On  gradually  add- 
ing small  pieces  of  phosphorus  to  chloride  of  sulphur  gently  warmed  in  a retort  filled 
with  carbonic  anhydride,  a rapid  action  also  takes  place,  the  liquid  l>econung  hot  and 
distilling  over:  gradually,  however,  sulphur  sep'imtes  and  the  action  becomes  more 
moderate;  and  on  mixing  the  distillate' just  mentiomil  with  that  which  afterwards  passes 
over  on  heating  the  residue,  and  redistilling  the  wlioleover  half  its  bulk  of  phosphorus,  a 
colourless  liquid  is  obtained,  which  separates  by  fractional  distillation  into  poDtacblurido 
and  Bolphooliloride  of  phosphorus,  I’SCl*.  When  chloride  of  suljihur  is  gradually 
poured  into  melU*d  phosphorus  the  only  products  are  pentachloride  of  phosphorus  and 
n yellow  sublimate  which  apjiears  to  be  a sulphide  of  phosphorus:  the  residual  phos- 
phorus is  converted  int<7 the  red  modification.  (W  ohler  and  II  iller,  Ann.  Ch.  Pharm. 
xciii.  274.) 

Most  mrtaU  unite  directly  with  phosphorus  when  the  latter  is  thrown  upon  them 
while  they  are  in  a state  of  ignition  or  when  they  are  In  uted  in  its  vapour. 

Finely  divided  phosphorus,  under  the  influence  of  sunlight,  slowly  decompusc's 
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vHitrr,  forming  pKosphoretUd  hydrogen  and  a red  tmbstADce  commonly  regarded  as  an 
oxide  of  pboftphoriis. 

Many  act<ls  are  decomposed  when  heated  with  phosphoms,  yielding  phosphorous 
acid,  togi'ther  with  other  products. — Pure  conceDtrated  hydrwdic  add  heated  with 
amorphous  phosphorus  to  160°  for  two  hours  yields  phosphorous  acid,  and  sublimed 
crystals  of  hydriwlulc  of  pbosphorelted  hydrogen.— ^yf/rf*4rw;rtic  acid  acts  in  a similar 
manner,  but  somewhat  more  slowly. — Pure  concentrated  kydrochioric  add  heated  with 
amorphous  phosphorus  to  200°  for  sixteen  hours  appears  to  be  decomposed  according 
to  the  equations:  3HC1  + P*  PH>  + PCP;  and  PCI*  + 3H*0  - PH*0»  + SHCh 
Strong  sulphuric  add  is  reduced  to  sulphurous  anhydride,  which  floats  on  the  surface  of 
the  pboepborous  acid  formed  at  the  same  time: 

3SH*0<  4-  P*  - PH«0*  + 3S0* 

Sulphttrous  add  yields  phosphorous  and  sulj'hydric  acids : 

SIPO>  + 3II-0  + r*  - 2P11»0»  + H’S, 

Syrupy  phosphoric  add  heated  to  200°  with  phoRphonts  for  forty  hours,  is  reduced 
to  hypophoBphorous  acid,  which  latter  is  partly  resolved  into  phosphorous  acid  and 
phoRphorett^  hydrogen. — Aqueous  chromic  add  heated  with  phosphorus  is  reduced  to 
chronioso-chromic  oxide ; arscuious  acid  y\e\^  phosphide  of  arsenic.  (Oppenheim, 
Bull,  Soc.  Chim,  [2]  h 163.) 

Phusphunis  buileil  with  aqueous  alkalis  and  alkaline  earths  forms  phosphoretted 
hydrogen  and  a solution  of  a hy^>ophosphite,  e.  g.  with  lime-water : 

3Ca"H-0»  + P*  + 6H*0  3Ca'IPP*0«  + 2PH*. 


Phosphorus  likewise  decomposes  many  other  oxides  and  salts,  both  in  thedry  and  in  tlm 
wet  way.  When  rubbed  with  chlorate  of  pntassiiun,  it  detonates  and  takes  fire,  a eliglit 
friction  being  suflicient  to  induce  the  reaction.  Hifraie  of  potassium,  and  the  prroxtdts 
of  lead  and  manganese  act  upon  it  iu  a similar  manner,  but  less  violently.  Wlien  a 
mixture  of  carltonatc  of  sodium  and  amorphous  phosphorus  is  heati*d  in  a combustion 
tube  to  low  redness,  or  better  to  240°  only,  a brown  muss  is  obtained,  which  takes  fire 
on  exposure  to  the  air,  and  wh<  n thrown  into  water  gives  oflf  a large  quantity  of 
spontaneously  inflammable  phosphoretted  hydrogen,  and  forms  a dark  brown  solution, 
from  which  hydrochloric  acia  throws  down  brown  flocks,  forming  when  dry  a black- 
brown  amorphous  mass  containing  about  40  per  cent,  of  humus-liko  bodies.  When 
carbonate  of  sodium  is  heated  to  redness  with  excess  of  phosphorus,  the  whole  of  the 
carbon  is  set  free ; with  excess  of  sodic  carbonate,  on  the  other  hand,  a mixture  of 
charcoal,  sodic  phosphate  and  sodic  carbonate  is  obtained,  carbonic  oxide  being  given 
off  and  phosphorus  distilling  over.  The  carbon  obtained  in  these  reactions  has  a 
deep  velvet -black  colour,  a specific  gravity  of  1*46  at  14°,  and  possesses  strong  ab- 
sorl^ot  and  decolorising  properties.  Phosphorus  acts  in  like  manner  on  other  carbon- 
ates, also  on  borates  and  silicates.  (Dragendorff,  Jahresb.  1861,  p.  110.) 

Phosphorus  placed  in  contact  with  many  nictiils  in  solutions  of  (he  same  metals, 
pro<luc<*s  an  eU^ctriccurrent,  and  precipitates  the  metals.  In  contact  with  clean  coji{»er 
wire  in  a solution  of  cupric  sulphate,  it  priMjipitatcs  the  copper  on  the  wre  in  octahedml 
crystals  (Wohler,  Ann.  Ch.  Pharm.  Ixxix.  126).  In  like  manner  it  n*duces  si/tvrand 
Uad  from  the  solutions  of  their  nitrates  (Wicke,  ibid.  Ixxii.  146).  Phosphorus  im- 
mersed in  a solution  of  potassic  permanganate  forms  peroxide  of  manganese  and  phos- 
phate of  potassium.  Neutral  and  acid  chromate  of  ^tassium  are  iiicorapletcly 
decomposed  by  phosphorus  at  common  temperatures  with  formation  of  potassic  and 
chromic  phosphati*s.  Ci/prt'c  cArow/ifr  boiled  with  phosphorus  yield«  metallic  copper, 
phosphide  of  copp<T,  and  chromic  phosphate.  A solution  of  potassic  chlorate  boilt-d  with 
phosphorus  isconverttHl  into  phosphite,  phosphate,  and  chloridegf  potassium,  titrate  of 
oariufn  is  not  deeomjKJsed  by  boiling  with  phosphorus ; nitrate  of  lead  yields  n d«*posit 
of  phosphate  of  lead ; nitrate  of  copper  in  conc<  ntrated  solution  yields  cupric  oxide  and 
pbosjihide  of  copper;  in  dilute  solution,  metallic  copper,  phosphide  of  copper,  and  phos- 
phoric acid.  (Slater,  Chem.  Oaz.  1853,  p.  329.) 

Chemical  Ttelaiions  of  Pfu^sphorus. — Phosphorus  belongs  to  (ho  pentad  group  of  ele- 
ments (iii.  967X  including  also  nitrogen,  arsenic,  antimony  and  bismuth.  Its  peutatomic 

t Cl* 

character  is  exhibited  in  the  pentachloride  P’CP,  the  oxychloride  P*  jQ«,  phosphoric 
triethodichloride  (or  chloride  of  tricthyl-phosphine)  ^ phos- 


phoric anhydride  phosphoric  acid  regarded  arf 

wise,  and  perhaj»s  more  frtquently  plays,  the  part  of  a triatomic  element,  as  in  plios- 
phorette<l  hydrogen  or  pliosphine  r U*,  and  its  idcoholic  derivatives  trielhyl-phosphino 
1*^(C*H*)*,  &c.,  also  in  trichloride  of  pliosphorus  P'-CT*,  pbMphorous  anhydride 
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/ O*,  &e.,  phosphorous  add  1 0^  &c. , In  some  few  compounds  also  it  is  diatomic, 

as  in  the  di-iodide  PI*,  and  perhaps  in  liquid  phosphide  of  hydrogen  PH*  (iiu  204) ; in 
many  of  ils  metullic  compounds  it  €>xhibits  still  lowrr  degrees  of  atomicity. 

In  its  triatomic  and  pentatomio  character,  phosphorus  resembles  the  other  membt'rs 


of  the  gn>up  above  mentioned.  It  is  most  clos<‘Iy  rcLuM  to  arsenic  and  antimony, 
each  of  these  elements  forming  a gaseous  trihydride,  and  their  chlorides,  bromides  and 


oxides  being  exactly  uualogous  to  one  another  in  composition.  To  arsenic  it  is  further 
related  by  the  strictly  analogous  composition  and  the  isomorphism  of  the  corresponding 
phosphates  and  arsenates,  and  by  its  anomalous  vapour-volume,  the  spi'cific  gravities 
of  each  of  these  elements  in  the  gaseous  state  being  double  its  atomic  weight  (p.  503  ; 
also  iii  968).  Bismuth  is  also  related  to  phosphorus,  arsenic,  and  antimony  by  the 
composition  of  its  chlorides  and  oxides,  although  its  peotatomic  compounds  am  not  of 
very  stable  character.  To  nitrogen,  phosphorus  is  related  by  its  combinatiou  with 
hydrogen,  and  by  its  formation  of  aniiydrides  with  3 and  5 atoms  of  oxygen. 

The  elements  of  this  group  exhibit  in  many  respects  a regular  gradutiou  of  proper- 
ties in  the  order  of  their  atomic  weights.  Nitrogen  (14)  is  gasi'ous,  while  all  the  rest 


are  solid  at  ordinary  temperatures,  and  of  these  latter  phosphorus  (31)  is  the  most 
fusible  and  volatile;  next  follows  arsenic  (75),  then  antimony  (122),  and  lastly  bis- 
muth (210).  The  acid  properties  of  the  oxidised  compounds  are  most  markeil  in  ni- 
trogen, then  in  phosphorus;  they  are  weaker  in  arsenic,  still  weaker  in  antimony,  and 
scarcely  apparent  in  bismuth.  The  compounds  with  hydrogen  follow  iu  the  Siime 
order ; ammonia  is  a powerful  b;iso,  and  requires  a high  temperature  for  iU  decom- 
position ; phosphine,  PH*,  is  a very  feeble  base ; in  ursine,  AsH*,  the  basic  chanicter 
IS  not  perceptible,  though  manifested  in  triethyl -arsine  and  other  of  its  derivatives ; 
the  same  is  true  of  the  corresponding  antimony-compounds.  £ach  of  the  three  hydridc^s 
last  mentioned  is  decomposed  by  simple  exposure  to  heat>  phosphine  requiring  the 
highest  temp<‘rature,  arsine  decomposing  at  a lower,  and  stibine  at  a still  lower  degree  of 
heat,  while  the  affinity  of  bismuth  for  bydit^en  is  so  feeble  that  it  does  not  appear  to  form 
a hydride. 


Uses  of  Phosphobcs. — The  chief  use  of  phosphorus  is  for  the  preparation  of  the 
paste  with  which  lucifer  mutches  are  tipped ; for  this  purpose  both  the  ordinary  and 
the  amorphous  variety  of  phosphorus  are  employed.  Ordinary  phosphorus,  boiug  in- 
tensely poisonous,  is  also  us^  iu  the  formation  of  compositions  for  poisoning  rats,  cock- 
roaches and  other  vermin;  and  both  kinds  arc  used  in  a variety  of  ways  m chemical 
and  pharmaceutical  preparations. 

A phosphorated  paste  for  poisoning  vermin  may  bo  prepared  by  dissolving  250  pts. 
by  weight  of  gum  arabic  in  600  pts.  of  water  at  140®  F.,  adding  16  pts.  of  phosphorus, 
stirring  as  it  melts,  then  removing  the  vessel  from  the  6re  and  continuing  the 
stirring  as  the  mixture  cools  in  order  to  tlioroughly  incorporate  the  phosphorus.  The 
mixture  is  then  placed  over  the  water-bath,  the  stirring  being  still  continued  ; a paste 
previously  made  up  with  100  pts.  of  (lour,  or  belter  of  potato-starch,  and  100  pts.  of 
water  is  added  to  it,  and  the  whole  is  beaten  up  for  half  an  hour  at  122^  F.,  after  which 


it  is  left  to  cool,  the  agitation  being  still  continued  till  the  temperature  has  fallen  to  86®. 
The  process  yields  from  600  to  6 0 pts.  of  phosphonUKl  f»aste.  To  effect  a still  finer 
division  of  the  phosphorus,  the  paste  may  bo  ground  under  the  muUer. 


Luci/er-matehes. — Ordinary  lucifer-matches  are  simply  wooden  sulphur-matches 
tipped  with  a paste  containing  phosphorus,  and  capable  of  igniting  by  friction.  The 
materials  added  to  the  phosphorus  to  promote  its  ignition  are  chlorate  or  nitrate  of 
potassium,  or  certain  metallic  oxides  which  easily  give  up  their  oxygen,  such  as  the 
peroxides  of  lead  and  manganese.  Chlorate  of  potassium  causes  tlie  paste  to  ignite 
with  detonation  when  rubl>ed,  and  often  occasions  the  projection  of  a portion  of  the 
burning  mutter  to  a considerable  distance.  This  projection,  which  is  rather  dungewus, 
may  be  prevented  by  using  uilrate  instead  of  chlorate  of  potassium ; the  matches  then 
burn  quietly. 

The  phosphorus,  and  the  salt  or  oxide  which  is  to  supply  it  with  oxygen  for  combus- 
tion, are  made  up  into  a pa.Me  with  a strong  solution  of  glue  or  gum,  a small  quantity 
of  Vermillion  or  IVu-ssiau  blue  being  added  as  colouring  mutter,  and  sometimes  a littlo 
fine  sand  to  increase  the  friction. 


The  proportion  of  phosphorus  wries  considerably,  being  sometimes  as  high  a.s  30  or 
oven  60  j>er  cent,  and  sometimes  as  low  as  10  or  even  6 per  ct*nC  The  following  are 
two  compositions  recommended  by  Bbttger  in  1844,  and  still  in  use  for  the  pn^paratiou 
of  noiseless  lucifers : 


Phosphorus  (ordinaiy*)  . • • ^ I Phosphorus  (ordinoiy)  . . .9 

Saltpetre 16  Saltpetre  . . . . , .14 

Ked  lead 3 Peroxide  of  manganese  . . .14 

Strong  gluo  . . . • . 6 • Gum 16 
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phosphorus: 


The  rcducttoa  of  the  proportion  of  phosphonu  in  the  inflammable  mass  to  a mini* 
mum  iii  a great  desideratum,  as  the  process  is  thereby  rendered  less  costly,  and  the 
matches  when  ignited  emit  less  of  the  disagn'oable  (^our  of  phosphorus.  A g»)Otl 
method  of  effecting  this  reduction  is  that  recommended  by  R.  Wagner  (Wagner’s 
Jahresl>ericht,  18.55,  p.  603),  which  consists  in  preparing  the  inflammable  mass  with 
phosphorus  dissolved  in  sulphide  of  carbon.  This  process  not  only  effivts  the  perfect 
molecular  subdivision  of  the  phosphorus,  but  it  enables  the  mass  to  be  pre{>ared  without 
the  use  of  heal,  a further  very  gn*At  advantage.  According  to  E.  Mack  (VerhandL 
des  Vereins  £ Naturicunde  iu  Presburg,  1868,  i.  17),  this  simple  expedient  renders  it 
possible  to  reduce  the  proportion  of  phosphorus  to  of  that  at  present  in  common 
use. 

Some  matches,  instead  of  being  coat«xl  at  the  ends  with  sulphur,  are  impregnated 
throughout  with  stearic  acid,  wax,  or  pnniflfiu.  The  paste  for  dipping  these  niatch>'S 
requires  less  gum  and  u more  active  oxidising  agent  than  that  for  the  sulphur-mutches. 
The  following  are  two  of  the  conqKwitions  in  use : 


Pliosphorus  (ordinary)  . . - 3 0 

Strong  glue  .....  3*6 

Water 30 

Fine  sjind 2 0 

Vermillion  or  IVussian  blue  . 0*lto0’6 
Chlorate  of  Potassium  . . . 3 0 


Phosphorus  (ordinary) 

3-0 

Qnm  tragacanth 

. 0-6 

Water  ..... 

. 3-0 

Fine  sand 

, 2 U 

Dioxide  of  Lead 

. 2 0 

The  dioxide  of  lead  in  the  second  of  these  compositions  may  be  replaced  by  2 pte.  of 
red  lead  and  0'5  pts.  strong  nitric  acid. 

Matches  thus  prepared  bum  more  readily  than  sulphur-matches,  because  the  fatty 
matter  and  the  woocl  take  fln*  together,  whereas  in  sulphur-matcheM  the  wood  does  not 
ignite  till  the  sulphur  is  nearly  consumed.  The  mutches  impreguattxl  with  fatty 
mutter  also  burn  with  a brighter  flame,  and  aru  free  from  the  snflbcating  odour  which 
the  sulphur-matches  evolve  in  burning.  Formerly  these  matches  were  impregnated 
with  wax  or  stearic  acid  or  n*^sin,  and  as  these  materials  are  more  expensive  than  sul- 
phur, their  use  was  conflat'd  to  the  liigher  priced  matches ; ncently,  however,  the  use  of 
paraffin  and  paraffin-oils  for  the  puri)ose,  patented  by  Mr.  Letchford  of  Whitechapel, 
has  greatly  reduced  the  price  of  matches  thus  prepared. 

Taprr  or  Vnia-matchrs^  which  consist  of  tapers  of  wax,  rosin  and  tallow,  or  paraffin, 
require  to  be  tipped  with  a very  inflammable  paste,  because,  having  but  little  rigidity,  they 
oinnot  bear  much  friction  without  l>ending.  The  paste  used  for  tipping  them  is  made 
of  12  pts.  ordinary  phosphorus,  14  gum,  3 sulphide  of  antimony,  36  dioxide  of  lead 
(or  56  pts.  of  a mixture  of  red  lead  36  pts.  and  nitric  acid  21  pts.)  and  0*1  Vermillion. 

Fusees  for  lighting  cigars  are  made  from  strips  of  pulp  or  thin  card-board 
previously  prepared  by  steeping  in  a M^lution  of  saltp<*tre. 

Mntefus  with  Amorpfutus  Phtutphorus. — The  use  of  ordinary  phosplionis  in  the 
manufacture  of  lucifer-matches  is  attended  with  certain  inconveniences,  arising  partly 
from  the  great  facility  with  which  it  is  set  on  fire  by  friction  or  by  a veiy  moderuto 
heat,  partly  from  the  slow  combustion  vhich  it  undergo**s  at  ordinary  temperaturtw, 
wliereby  acid  vapours  are  produced  of  verj’  deleterious  cfiaracter.  From  this  cause,  the 
workpeople  engaged  in  the  manufacture,  espwially  tlie  dij)pers,  occasionally  sufl^er  from 
u peculiar  disease  of  the  jaw,  which  eomtnences  with  pain  and  swelling,  and  ultimately 
produces  necrosis  of  the  bone.  Ordinary  phosphorus  is,  moreover,  very  jioisonous  in  tho 
solid  state,  and  instances  have  occurred  of  children  being  poisoned  by  sucking  matches 
tippc<l  with  it. 

Amorphous  phosphorus,  on  the  other  hand,  is  free  from  all  these  objt'ctions.  It  is 
not  jwisonous  in  the  solid  state,  and  not  l>eing  volatile  or  subject  to  slow  combustion  at 
ordinary  temperatur**s,  or  even  at  the  heat  rr<juired  to  keep  the  paste  in  the  liquid 
state,  it  does  not  imprcgmito  the  air  of  a factory  with  poisonous  vapours.  Moreover,  it 
is  not  liable  to  be  set  on  fin*  by  accidental  friction. 

But,  notwithstanding  these  advantages,  the  use  of  matches  tipj>ed  with  amorphous 
phosphorus  has  not  h«*come  general,  i.ucifers  of  this  kind  were  sent  to  the  Exhibition 
of  18.51  by  Messrs.  Dixon  and  Co.  of  Manchester,  but  they  never  found  favour  with 
the  public,  and  have  of  late  years  disappeared  from  the  market.  The  chief  objections 
to  them  seem  to  be  that  they  are  not  sufficiently  inflammable,  and  that  they  burn  with 
a sputtering  flame. 

Rittger  in  1848  suggest e<l  the  pnqvimtion  of  friction  matches  capable  of  taking  fire 
only  when  rubl>ed  on  a surfuc«*  ppepjiri*<l  in  a ]*articubip  w’ay.  Sucli  matches,  containing 
no  phosphorus  in  themselves,  but  supplied  in  boxes  providwl  with  rubbers  containing 
amorphous  phosphorus,  were  first  sent  into  tho  niark(‘t  by  PiX'-sln*!  of  Vienwa  in  1864, 
and  thrir  prr'parulion  has  since  that  time  bix?n  greatly  imjirovid  by  Luudstn>m  of 
Sweden,  and  by  Messrs.  Coignot  aud  Co.  of  Lyons.  In  this  oountiy,  patents  for  the 


uigiiizea  by  Google 


PHOSPHORUS  : PROMTDES.  509 

manufactnpo  of  lucifcps  by  Lundstruni'K  ppoccauhave  bicn  tukon  out  by  Mcskte.  Ten  ant 
ftud  May.* 

The  igniting  composition  applied  tu  the  tips  of  these  matches,  and  tlie  paste  fur  the 
rubber  are  composed  as  follows : 

Pa$tr far  Matckct»  Ptaitfo^  Rt.bb<r. 

Chlorate  of  potassium  . . .6  pts.  Amorphous  phosphorus  . . 10  pts. 

Sulphide  of  antimony  . . 2 to  3 „ Oxide  of  manganese  or  sulphide 

Glue  (weighed  dtj  ) . , . 1 pt.  of  antimony  . . . , 8 „ 

Glue  (weight  dry)  . , 3 to  6 

Matches  thus  prepared  possess  the  great  adrantage  of  being  free  from  all  danger  of 
ignitit>n  by  acciaental  friction  : hence  they  are  called  Sq/Hi/’inatckta  {^Allumettfs  de 
aimik) ; they  are  much  used  in  France  niid  other  i>arts  of  the  Continent,  and  their  us© 
appears  also  to  bo  extending  in  this  country  ; but  the  g^at  majority  of  consumers  still 
exhibit  a preference  for  a match  which  will  ignite  by  friction  on  any  rough  surface. 

There  is  another  modification  of  the  same  principle,  introduced  by  MM.  Besirliers  and 
Balemagne,  in  which  the  amorphous  phosphorus  is  placed  at  one  end  of  the  match, 
and  the  clilorate  of  potassium  at  the  other,  so  that  ignition  takes  place  on  bn^aking 
the  match  in  halves  and  rubbing  the  two  ends  together.  But  these  matches,  culled 
AVumettra  androgyrm^  do  not  appear  to  have  come  into  actual  use. 

Luetjera  without  Phosphorus. — To  avoid  all  danger  of  poisoning  in  the  preparation  as 
well  as  in  the  use  of  lucifer-matches,  it  has  of  late  years  been  proposed  to  tip  them 
with  a composition  containing  no  phosphorus  whaU'ver,  either  ordinary  or  amorphous. 
Various  compositions  have  been  propoi^  for  this  purpose ; it  may  be  sufficient  to  men* 
tion  for  illustration  one  of  those  patented  by  G.  Canouil  (1867,  No.  2817X  which  is 
composed  of  chlorate  of  potassium  76  pts.,  dioxide  of  lead  36  pts,  iron  pyrites  36  pts., 
and  gum,  dextrin,  or  glue  10  pts.  Sulphide  of  antimony  and  free  sulphur,  either 
singly  or  together,  are^also  used  as  the  ioflummablo  material  in  these  pastes.  The  most 
systematic  researches  on  this  branch  of  manufacture  have  been  made  by  Wiederhold 
('l)ingl.  pol.  J.  clxi.  221,  268 ; clxiiL  203,  269),  from  which  it  appears  that  matches  of 
good  quality  may  be  made  writh  cblonde  of  potassium  and  hyposulphite  of  lead. 

The  total  elimination  of  phosphorus  from  the  lucifer  manufacture  would  indeed,  as 
observed  by  Hofmann  1862,  p.  99),  be  a grand  achievement,  not  mer«‘ly  no 

sanitary  grounds,  or  as  diminishing  fire*risks,  but  also  because  it  would  immediately 
liberate  ior  agricultural  purposes  a large  quantity  of  bones  now  consumed  in  the  pre- 
paration of  free  phosphorus. 

For  further  aetails  on  the  chemistry  of  the  lucifer-match  manufacture,  and  for 
figures  and  descriptions  of  machinery  used  for  cutting  and  dipping  the  matches, 
see  Kichardson  and  Watts’s  Chemical  Tcchnologtj^  voL  i.  pL  4,  pp.  131-180. 

VBOSPBOAirs,  B&OMXBS8  07.  Phosphorus  unites  directly  with  bromine 
at  ordinary  temperatures,  with  evolution  of  heat,  and  in  the  case  of  ordinary  phosphorus, 
of  light : small  pieces  of  ordinary  phosphorus  thrown  into  bromine  may  prMuce  a 
dangerous  explosion.  There  are  two  bromides  of  phosphorus,  the  tribromidc  and 
pentabromide,  the  former  liquid  at  ordinary  temperatures,  the  latter  solid ; the  one 
or  the  other  being  produced  according  to  the  proportions  in  which  the  ta*o  elements  are 
brought  together. 

Trlbromide  of  Phospboroa  or  Pboapborooa  Bromide.  PBr*. — Produced: 
1.  By  bringing  bromine  in  contact  with  excess  of  phosphorus.  Phosphorus  is  added 
in  pieces,  not  weighing  more  than  a quarter  of  a grain,  to  perfectly  anhydrous  bromine, 
till  the  liquid  becomes  colourless,  after  wldch  the  compound  is  separated  by  distillation 
from  the  excess  of  phosphorus  (Lowig,  Pogg.  Ann.  xiv.  486).  In  orJer  to  avoid 
the  chance  of  explosion,  it  is  liest  to  pour  the  bn)mine  into  a w ide-mouthod  bottle,  and 
introduce  perfectly  dry  phosphorus  in  a glass  lube,  scaled  at  bottom,  and  plao<>d  up- 
right in  the  liquid,  so  that  on  closing  the  bottle  the  bromine-vapour  may  slowly  coino 
in  contact  with  the  phosphorus  (II.  Rose,  Pogg.  Ann.  xxviii.  660).  An  easy  mode 
of  preparation  is  to  dissolve  bromine  and  phosphorus  in  separate  portions  of  sulphide 
of  carbon,  then  pour  the  brominc-solution  slowly  into  the  phosphorus-solution,  and 
distil  (Kekul6,  Ann.  Ch.  Pliarm.  exxx.  16).— 2.  Vapour  of  phosphorus  isp:iss(Kl  over 
mercurous  or  mercuric  bromide,  which  is  heated  in  a glass  tube  by  means  of  a spirit- 
lamp,  and  the  product  is  collected  in  u cooled  receiver;  the  product  is  purified  from 
excens  of  phosphorus  by  distillation.  (Lowig.) 

Tribromide  of  phosphorus  is  a colourless,  transparent,  mobile  liquid,  which  does  not 
freeze  even  at  — 12®,  is  very  volatile,  and  omits  dense  white  fumes  in  the  air ; has  tlio 
pungent  odour  of  hydrobroniic  acid;  it  probably  reddens  litmus  pap<r  only  when 
moisture  is  present.  (Lowig;  Balard.) 

It  is  decomposed — 1.  By  water,  with  groat  disengagemebt  of  heat,  into  phosphorous 
and  hydrobroniic  acids,  which  latter,  when  a small  quaiility  only  of  water  is  einjdoyod, 
• M*r  (F.),  Patent  No.  |S5».  Aiig.  I.%  I8W.  . 
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is  evolved  in  the  gaseons  form  (Balard).  At  8®  the  deeomposition  takes  plaee  hut 
slowly,  even  when  the  mixture  is  repeatedly  shaken;  at  26®  it  proceeds  very  miiidlyr 
(Ltiwig).  By  chlorine,  into  chloride  of  phosphorus  and  free  bromine,  (Balard.) 

Tribromide  of  phosphorus  is  capable  of  dissolving  an  additional  quantity  of  phos- 
phorus, whereby  it  acquires  the  property  of  setting  fire  to  combustible  bodies  brought 
in  contact  with  it  in  the  open  air  (Balard),  of  forming  a pellicle  of  phosphorus  when 
exposed  to  air,  and  depositing  plio^phorus  when  decomposnl  with  water.  (Lowig.) 

Ammonio-pKofphoroug  bromide^  PBr*.6NH*,  is  formed  when  an]moDia>ga8  is  slowly 
passed  into  well-cooled  tribroniide  of  phosphorus.  It  is  a white  powder  which,  when 
tieutod  out  of  contact  with  air,  is  resolved  into  phosphide  of  nitrogen,  phosphoms- 
vapour,  bromide  of  ammonium,  ammonia  and  hydrogen  gas  (Rose).  \Vith  water  it 
yields  bromide  and  phosphite  of  ammonium. 

IPentabromlde  of  Pboaphorus  or  Pboapliorlo  Bromld««  PBr*.  Verhromide 
of  Phosphoritg. — Produced  by  the  action  of  bromine  in  excess  on  phosphonis  or  on  the 
tribromide  ; also  by  decomi^sing  iodide  of  phosphorus  with  bromine  ; most  easily  pre- 
pared by  the  second  process. 

It  is  a lemon-yellow  solid,  crystallising  in  rhomboidal  forms  after  fusion,  in  needles 
when  sublimed;  melts  at  a moderate  heat  to  a red  liquid,  which  at  a higher  tem- 
perature evalves  red  vapours ; evolves  dense  pungent  fumes  in  the  air.  (Balard.) 

Dreompositiong.—  X.  By  cAA>rtnc  into  chloride  of  phosphonis  and  free  bromine.— 
2.  By  heated  mrtaU,  into  metallic  bromide  and  phosphide  (Balard). — 3.  'Ry  oxide 
of  copper  and  red  oxide  of  mercury,  into  metallic  bromide  and  phosphate  (Lowig).— 
4.  By  a small  quantity  of  water,  into  oxybromidc  of  phosphorus,  ana  hydrobromic  acid 
(Gladstone);  by  a larger  quantity,  w’ith  rise  of  temperature,  into  phosphoric  and 
hydrobromic  adds  (Bala  rd) : 

PBr*  + n»0  « POBr*  + 2HBr 
PBr»  + 4H*0  « rH>0*  + 6HBr. 

6.  By  dry  eulphydric  acid  gas,  forming  a heavy  liquid  composed  of  P*S*.6PBr*, 
which  boils  at  200®  without  decomposition,  but  respecting  which  it  has  not  been 
positively  determined  whether  it  is  a definite  compound  or  a mixture  of  two  substances 
of  eqnal  or  nearly  equal  boiling  points  (Gladstone,  Mag.  [3]  xxxv.  345). — 
fi.  In  phosphoretted  hydrogen  gas  the  pentabromide  first  becomes  liquid,  yielding 
tribromide  of  phosphorus  and  hydrobromic  acid,  which  then  unites  with  another 
portion  of  phosphoretted  hydrogen,  and  forms  hydrobromate  of  phosphine  PIl*.HBr, 
or  bromide  of  phusphorium  PH*Br,  which  crystallises  in  cuIh‘S  (Serullas,  iii.  201). 
By  prolonged  action  of  the  phosphoretted  hydrogen,  the  whole  of  the  bromine  is  re- 
moved from  the  pentabromide,  and  phosphorus  is  set  free. 

PBOSPBOBU'S,  CBXiO&2D£8  OF.  Phosphorus  unites  readily  and  directly 
with  chlorine  even  at  0®,  the  product  being  a trichloride  or  pimtachloridc,  according  to 
the  proportions  of  the  two  elements  prewnit.  The  action  of  chlorine  on  ordinary  phos- 
phorus 18  attended  with  visible  combustion.  Chlorides  of  phosphorus  are  also  proauced 
t>y  the  action  of  phosphorus  on  metallic  chlorides. 

Trlolkloiide  of  FlaospborasorFliospborous  Oblorlde,  PCI';  formerly  called 
ProtochJoride  of  Phosphorus. — Tliis  compound  is  prepared  : 1.  By  passing  dry  chlorine 
gas  over  pliospborus  contained  in  a tabulated  retort  till  all  the  air  is  expelled,  then 
gently  heating  the  phosphorus  in  a sand-bath,  while  a slow  stream  of  ehlorine  is  kept 
up,  so  that  tlie  gas  may  always  come  in  contact  with  an  excess  of  phosphorus.  The 
trichloride  tlien  condenses  in  th«  receiver  as  an  oily  liquid,  which  may  be  purified  from 
excess  of  phosphorus  by  slow  reclllicatiou.  If  it  contains  any  pentachloride,  which 
will  be  the  case  if  the  stream  of  chlorine  has  bet  n too  rapid,  it  must  be  digested  for 
some  days  with  phosphorus  and  then  rectified. — 2.  Dry  phosphorus  is  placed  at  the 
closed  end  of  a glasatube;  afew  lumps  of  mercuric  chloride  are  placed  upon  it ; the  phi>s- 
phoms  is  gently  heated  so  that  its  vapour  may  pass  slowly  over  the  mercuric  chloride, 
and  the  trichloride  of  phosphorus  thereby  produci'd  is  collected  in  a cooled  receiver  and 
afterwards  rectified. 

Trichloride  of  phosphorus  is  a thin,  transparent,  colourless  liquid,  of  specific  gravity 
1*61  (Pierre),  1 45  (Davy),  boiling  at  78®  to  78  6®  under  a pressure  of  751  to  767  mm. 
(Dumas,  Pierre,  Andrews),  at  73*8  under  a pressure  of  760  mm.  (Regnault, 
Jahresb.  1863,  p.  70).  Vapour-density  = 479  : calc.  (2  vols.)  = 4 77.  Latent 
heat  of  vapour  m 67’24  (Regnault,  Jahresb.  1863,  p.  77).  The  tension  of  its  vapour 
at  different  temperaturea  is  according  to  Regnault  (Jahresb.  1863,  p.  65)  as  follows: 
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Tricliloride  of  phosphorus  scarcely  reddene  litmus-paper.  It  dissolrcs  photph^uB* 
but  quickly  deposits  it  aguiu  in  the  amorphous  state,  on  exposure  to  the  air.  It  ab- 
sorbs chlorine  rapidly,  forming  the  pentachloride,  and  oxygen,  at  the  boiling  heat,  to 
form  the  oxychloride  (Brodie).  When  heated  in  the  Hame  of  a spirit-lamp,  it  takes 
firs  and  bums  with  a bright  phosphorous  flame.  Pofaesium  bums  brightly  in  its 
Tapour ; n^d-hot  iron-Jilinge  decompose  it  with  formation  of  phosphide  of  iron  and  ferric 
chloride.  Strong  nitric  or  nitrone  acid  decomposes  it  with  yiolent  explosion. 
(Persos  and  Bloch,  Compt,  rend,  xxviii.  86.) 

When  poured  into  water^  it  sinks  to  the  bottom  and  decomposes,  yielding  hydrochlo- 
ric and  phosphorous  acids : 

PCI*  + 3H*0  - 3HC1  + PH>0*. 

When  exposed  to  moist  air  it  slowly  decomposes  in  the  same  manner,  giving  off 
white  puugeut  acid  vapours,  and  acquiring  an  acid  reaction. 

W^ith  sulphydric  acid  it  forms  hydrochloric  acid  and  trisulphido  of  phosphorus. 
(Serullas) : 

2PC1"  + 3H»S  « 6HCI  + P»S*. 

With  phoephoretted  hydrogen  it  forms  hydrochloric  acid  and  yellow  phosphom.s, 
which  quickly  turns  red  on  exposure  to  light. 

With  monatomic  alcohols,  ethnrs,  and  aoids,  it  acts  in  the  same  manner  as  on  water, 
producing  a chloride  of  the  alcohol-radicle,  or  acid-nidicle  and  pho'^pliorous  acid  or 
anhydride,  the  pliosphormis  acid  sometimes  acting  further  on  the  alcohol  to  form  a 
phosphorous  ether  (B^champ,  Compt.  rend.  xl.  944;  xli.  23).  Thus  with  cihylic 
alcohol  it  yields  chloride  of  ethyl  and  phosphorous  acid  or  phosphorous  ether  : 

3(C-H».H.O)  + pa*  - 3C*H*a  + PH*0* 

and  3(C*H\H.O)  ♦ PH*0*  P(C*n»)»0*  3H^O. 

Anhydrous  ether  (ethylic  oxide  or  anhydride)  does  not  act  on  the  trichloride  at  ordi- 
nary temperatures,  but  when  the  two  liquids  are  heated  together  to  180® — 200®  in 
sealed  tul^,  chloride  of  ethyl  and  phosphorous  anhydride  are  produced,  the  latter  being 
partly  resolved  by  the  heat  into  phosphoric  anhydride  and  red  phosphorus : 

3(C*H*)*0  + 2PC1*  - 6C*H*a  + P*0*. 

With  acetic  acid  and  anhydride  it  yields,  under  similar  drcumstancos,  chloride  of 
acetyl  and  phosphorous  acid  or  anhydride. 

Heated  with  ethylic  acetate  to  160® — 180®  in  a sealed  tube,  it  yields  chloride  of  acetyl, 
chloride  of  ethyl,  and  phosphoric  anhydride : 

3(C*H*O.C*H».0)  + 2Pa*  - 3C»HK)a  + 3C»HKn  + P*0*. 

From  the  ethers  of  the  glyccllic  or  lactic  series,  C*H*"0*,  it  abstracts  the  elements  of 
water,  converting  them  into  ethers  of  the  acrylic  series,  C*H**~*0*,  according  to  the 
general  equation : 

3C-H**0*  + PCI*  - 30H*— *0*  + PH*0*  4-  3Ha 

(Franhland  and  Duppa,  p.  273.) 

Zinc-ethyl  acts  very  violently  on  trichloride  of  phosphorus,  producing  triethyl* 
phosphine  and  zinc-chloride : 

2I*C1*  + 3Zn*(C*IP)*  = 3Zn"a*  -(-  2P(aH‘/. 

Similar  products  are  obtained  with  zinc-methyl  and  zinc-amyl  (Hofmann  and 
Cahours).  See  Phosphobu.s-basrs. 

Ammonia-gas  ii  rapidly  abwrbed  by  the  trichloride,  forming,  if  rise  of  temperature 
be  preveDted  by  external  cooling,  a white  mass  which  was  formerly  regarded  as  a defi- 
nite ammonio-trichloride  of  phosphorus,  6NH*.PC1*,  and  was  supposed  to  be  resolved 
by  heat  into  ammonia,  hydrogen,  phosphorus-vapour  and  a residue  of  dinitride  of  phos- 
phorus PX*  (see  Gmelin's  Handlpook,  ii.  481).  But  this  ammonio-trichloride  has 
never  been  obtained  pure,  and  its  very  existence  is  doubtfuL  The  product  of  the  re- 
action of  ammonia  on  the  trichloride  appears  indeed  to  consist  mainly  of  a mixture  of 
sal-ammoniac  and  phosphoroso-triamiue.  formed  according  to  the  equation,  PCI*  + 
6NH*  » 3NH*Cl  + N*H*P,  and  yielding,  when  ignited  without  access  of  air,  a 
residue  of  pbospboroso-diamidc  and  phusphoroso-monamide  (p.  499). 

PentactUoiide  of  Phospboros  or  Pbospboiio  Cblorlde.  Fa*.  Perchloridc 
of  phosphorus. — This  compound  is  produced  by  the  action  of  chlorine  in  excess  on 
phosphorus  or  on  the  trich!oride.-~l.  Dry  chlorine  is  passed  in  a rapid  stream  into  a 
large  retort  or  Woulffe’s  bottle  containing  phosphorus,  wmch  must  be  kept  cool  at  first, 
as  otherwise  the  heat  developed  by  the  reaction  willcause  the  trichloride  of  phosphorus 
produced  in  the  first  instance  to  distil  over.  Afterwards,  when  the  absorption  of  the 
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chlorine  l>ocomes  slower,  the  reaction  may  be  asfltsted  by  a gentle  heat.  Amorphotia 
phoMphoms  exposed  in  the  state  of  powder  to  the  action  of  a rapid  stream  of  chlorine  is 
at  once  converted  into  the  i»olid  pentachloride. 

2.  Pliosphoriifl  is  also  rapidly  converted  into  pentachloride  when  introdoced  into  sul- 
phide of  carbon  previously  satumtis]  with  chlorine ; and  when  chlorine  is  passed  to 
saturation  into  a solution  of  phosphorus  in  sulphide  of  carbon,  the  liquid  on  cooling 
deposits  the  pentachloride  in  crystals.  This  last  method  is  now  much  used  for  the 
prejMiration  of  the  compound  on  the  large  scale;  but  according  to  Hugo  Muller 
(/a*itHchr.  Ch.  Pharm.  1862,  p.  294),  the  pentachloride  thus  prepaid  almost  always  con- 
tains free  phosphorus,  e^specially  when  too  strong  a solution  lias  been  used,  or  the  liquid 
has  been  too  strongly  coohsi  before  the  formation  of  the  pimhicbloride  is  complete.  The 
impure  product  thus  obtaininl  has  a <lull  waxy  MS|>oet  different  from  the  shining  straw- 
yellow  crystaUine  character  of  the  pure  pentachloride.  and  changes  more  or  less,  in  course 
of  time,  into  the  liquid  trichloride.  Moreover,  if  the  proportion  of  free  phosphorus  in  it  is 
lATge,it  may  become  dangerous,  as  the  reaction  belwe^n  the  free  phosphorus  and  the  pen- 
tachloride may  theh  be  attend^  with  a rise  of  temjx*ratare  high  enough  to  produce  ex- 
plosion. The  product  is  also  liable  to  be  contaminateil  with  a sulphur-compound, 
resulting  from  tne  action  of  the  sulphide  of  carbon  on  the  pentachloride.  For  these 
reasons  M ti  1 1 e r recommends  the  preparation  of  pentachloride  of  phosphoms  from  the 
trichloride  as  follows. 

3.  A small  quantity  of  the  trichloride  is  introduced  into  a wide-mouthed  capacious 
glass  Vessel,  close<l  by  a perforjited  caoutchouc  plate  through  which  the  chlorine  is  in- 
troduced. A certain  quantity  of  phosphoms  is  then  dissfdved  in  it ; chlorine  gas  is 
passed  into  the  vi-ssol  till  the  whole  of  the  phosphorus  is  converted  into  trichloride  ; a 
fresh  portion  of  phosphorus  is  add<*d;  more  chlorine  passed  into  the  ressel ; and 
soon  till  the  necessary  quantity  of  trichloride  is  obtained.  This  product  is  then  con- 
verted into  pentachloride  by  prolonged  exposure  to  excess  of  chlorine.  In  this  process 
the  trichloride  acts  as  a solvent  of  the  phosphorus  in  pisce  of  the  sulphide  of  carbon 
used  in  the  ordinary  manufacturing  process.  If  the  pr^uct  obtaine<l  by  either  of  the 
al>uve  processes  still  retains  traces  of  trichloride,  it  may  be  purified  by  redistillation 
in  a stream  of  chlorine. 

Properties. — Pentachloride  of  phosphoms  is  a while,  or  more  frequently  a straw- 
yellow  mass  of  more  or  less  compact  texture  ; it  crystallises  from  fusion  in  prisms 
(Davy).  Brodie  by  passing  chlorine  into  a solution  of  phosphoms  in  sulphide  of 
carbon  obtained  it  in  distinct  rhombic  crystals.  It  sublimes  at  100^  without  previous 
fusion,  but  under  increased  pressure  it  melts  at  148®  and  boils  at  a temperature  a little 
above.  The  specific  gravity  of  its  vapour  is,  according  to  Mitscherlicli,  4*85  at  18A®  ; 
according  to  Cahours  it  varies  from  5*078  at  182®  to  3*656  at  336®.  The  last  agrees 
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nearly  with  a condensation  to  4 volumes,  for r 
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Probably  a case  of  dissociation,  2 vols.  of  the  pentachloride  splitting  up  when  strongly 
hfiited  into  2 vols.  i*CP,  and  2 vols.  Cl.  (See  ii.  817.) 

Dccon.pt.»sitions. — 1.  Pentachloride  of  phosphoms  bums  in  the  flame  of  a candle,  and 
when  its  vapour  mixed  with  oxt^m,  is  pnsscsi  through  a red-hot  tube,  it  burns,  with 
formation  of  phosphoric  anhydride  and  liberation  of  chlorine,  and  according  to  Bau- 
drimont(IUp.  Cliim.  pure.  111,  114),  with  formation  of  oxychloride  of  phosphoms. 

2.  Treated  in  like  manner  with  hydrogen^  it  yields  bydrocliloric  acid,  trichloride  of 
phosphoms, free  phosphoms,  and  phosphorelted  hydrogen.  (Baudrimont,  loc.  cit.) 

3.  It  does  not  act  on  carbon  or  on  bromine,  but  with  iodine  it  forms  pentachloride 
of  iodine,  which  unites  with  the  excess  of  the  pentachloride,  forming  the  compound 
PCIMCI.  The  same  compound  i.s  formed  by  the  action  of  the  pentachloride  on  tricMoride 
ot  iodine'.  PCI*  + ICl*  — PCIMCI  + Cl*;  also  by  the  direct  union  of  the  penta- 
chloride of  phosphoms  with  protochloride  of  iodine,  or  of  trichloride  of  phosphorus  with 
trichloride  of  iodine.  (Baudrimont,  U^p.  Chim.  pure,  iv.  60.) 

4.  Fused  with  sidphur^  it  yields  sulphojjerchloride  of  phosphorus  PC1*S*  or  PCP.2SCI 
(Gladstone,  Chem.  Sac.  Qu.  J.  iiu  5).  With  sr/cMium, it  forms  the  compound  P*Cl'*Se 
or  2PCl*.SeCI*.  (Baudrimont.) 

5.  Heated  with  various  mtlah  to  130® — 140°,  it  forms  trichloride  of  phosphoms  and 
a metallic  chloride,  which  generally  unites  with  the  excess  of  pcntuohloride,  foraiing  a 
double  cliloride;  such  is  the  case  with  aluminium^  hismuth,  iron,  tin,  and  perhaps  also 
with  zinc  and  copper.  Gold  and  more  particularly  jdalinum  are  easily  attacked  by  the 
pentachloride,  the  latter  yielding  th»*  sublimable  compound  2PCl*.PtCP.  Antimony  is 
the  most  easily  attacked  of  all  metals  by  phosphoric  chloride.  If  the  metals  are  heated 
to  n-dness.  a much  more  violfiU  action  takes  pl.aee,  phosphorus  being  set  free,  and  a 
m- ttUic  phosphide  sometiim^  fornicsi  (Baudrimont).  Voiassium  heated  in  its 
rajwur  bums  with  a brilliant  light. 
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6.  Pentachloride  of  phosphorus  heated  with  a small  quantity  of  wairr^  or  exposed  to 
moist  air,  in  which  case  it  gives  oif  a htrgt*  quantity  of  intensely  pungent  acid  fumes, 
is  resolved  into  hydrochloric  acid  and  oxychloride  of  phosphorus  ; with  a larger  quan> 
tity  of  water  it  yields  hydrocliioric  and  phosphoric  acids: 

PCI*  + IPO  = rOCl>  + 2HCL 
and  PCI*  + 4U*0  - PH*0*  + 5HCL 

7.  SuJphydric  acid  in  like  manner  converts  it  into  hydrochloric  acid  and  Bulphoclilo« 
ride  of  phosphorus : 

PCI*  + ns  - PSCP  4-  2HC1. 


8.  Py  alcohols  and  acids  it  is  decomj>ose<l  in  the  same  manner  as  by  water,  yielding 
hydrocliioric  acid,  a chloride  of  the  alcoholic  or  acid  radicle,  and  oxychloride  of  phos- 
phorus, or  phosphoric  acul,  according  to  the  proportions  of  the  acting  substances,  the 
phosphoric  acid  thus  formed  acting  further  on  the  alcohol  to  produce  a phosphoric 
ether;  thus  with  amylic  alc«>hol: 


C*H".H.O  + PCI* 

Amjrlic  alcohol. 

and  9(C»H".U.O)  + 2PC1*  - 

Amylic  alcohol. 

C»H^O»  + PCI* 

Awlic 

acid 

C*H«0*  + 2PC1* 

Lactic 

acid. 


c*H”ci  + Ha  + poa*. 

Chloride  of 
atnyi. 

fiC*H"Cl  + 6HCI  + 2[iC‘H")*HP0']  + H«0 

Chloride  of  Oiamjrlic  phoaphate, 

amyl. 

- C’H’Oa  + HCl  + POCl*. 

Chiotld<*  of 
acetyl. 

= cn‘oa»  + 2Ha  + 2Poci>. 

Chloride  of 
lactyi. 


With  some  diatomic  acids,  however,  it  first  forms  the  corresponding  anhydrides, 
which  are  then  converted  by  exci'ss  of  the  pentachlonde  into  the  odd  chlorides : r.y. 


C^H*0*  -h  PCI*  - C‘1I‘0>  + 2Ha  + POCP, 

Sucdnic  Siiecinic 

arlil.  anhydride. 

C'H'O*  + PC1>  = C'JPO’CI’  + POCP. 

SiK'Clnic  C iiiorlilp  of 

anhydride.  Suctinyl. 

Antimonic  add  and  boric  acid  arc  also  dehydrated  by  it,  yielding  the  corresponding 
anhydrides,  Uygether  with  hydrochloric  acid  und  oxychloride  of  phosphorus  (Sehiff, 
Ann.  Ch.Phann.  cil.  1 11).  Strong  nitric  acid  acts  very  violently  on  the  pimtaebloride, 
and  when  it  is  added  to  the  latter  by  drops,  liydrocliloric  acid  esciiprs,  and  if  iho 
mixture  bo  well  cooled,  a blooil-red  liquid  is  obtained  which  yields  by  distillation 
phosphoric  oxychloride  and  yellow-rt‘d  vapours,  prolmbly  consisting  of  NO*CL 
(Sehiff.) 

With  strong  ar/Vf,  the  pentachloride  first  yields  phosphoric  oxychloride 

and  clilorbydrosulphuric  acid,  and  by  prolonged  action,  chloride  of  sulphuryl,  tho 
so-called  chlorosulphuric  acid  (SO*)"Cl*  (Williamson,  Chem.  Soc,  Qil  J.  vii.  185): 

®°’1ho  + 

Sulphuric  Chlorhydro- 

acld.  sulphuric 

Mcid. 

so’jyQ  + pa*  - so'ci*  + poa*  + Ha. 

With  sulphuric  anhydride^  the  products  are  also  phosphoric  oxychloride  and  chloride 
of  sulphuryl: 

SO*  + PCI*  - POCl*  + so*a* 

With  sulphurous  anhydride  in  like  manner  chloride  of  thionyl,  (SO)*a*,  is  produced. 
On  phosphoric  anhydride^  the  pentachloride  does  not  act  in  tho  cold,  but  when  heated 
it  acts  easily,  forming  phosphoric  oxychloride.  Glacial  and  syrupy  phosphoric  acid 
arc  but  slightly  acteti  upon  by  it  even  when  heated.  (Sehiff.) 

9.  Many  nutnUic  oxides  and  are  readily  decomposed  by  ignition  in  the  vapour 
of  phosphoric  chloride,  yielding  phoKnhoric  oxychloride  and  a mclallic  chloride  or 
oxychloride.  Such  is  the  case  with  tne  oxidis  of  cadmium^  mavganessy  eolalty  and 
chromium^  the  last  yielding  a violet  sublimate  of  chromic  chloride.  Ferric  oxide  and 
alumina  yield  slightly  volatile  sublimates  consisting  of  the  double  chlorides  FeCI’.PCl* 
and  AlCP.PCl*,  reHj,»ectively.  Tiie  minerals  of  the  spioel grouj},  when  finely  pulverised 
and  treated  in  like  manner  are  also  decomposed  with  more  or  less  facility,  thro,nc‘iron 
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and  franJdinite  yielding  distillates  containing  ferric  chloride,  tpiml  yielding 
chloride  of  aluminium.  Titanate  of  iron  yields  a brown  Biiblimuto  and  a distillate 
containing  the  chlorides  of  iron  and  titanium.  Finely  pulrerised  silira  yields  a 
fuming  distillate  which  is  di-compoeed  by  water,  with  formation  of  gelatinous  Bilicn  ; 
fUjKir  and  garnet  yield  similar  distillates  containing  also  chloride  of  alumi* 
nium.  l\tngstic  and  nv>it/h<Hc  anhgdridtn  are  deeomjjosed  in  a similar  manner 
(\V eber,  Pogg.  Ann.  cvii,  376,  Jahresb,  1859.  p.  79).  Tunqatic  auhgdride  heatetl  with 
pontachloride  of  plioHohorus  yields  a red-brown  liquid,  which  when  distilled  gires  olF 
phosphoric  oxychloride  and  learea  a substance,  probably  which  sublimes 

in  yellow-nnl  va|>ours.  On  midgftdic  auhgdride  the  chloride  acta  more  violently,  tlio 
mixture  giving  off  thick  white  and  red  vapours,  and  leaving  a thick  oily  liquid  which 
yields  by  distillation,  first  phosphoric  oxychloride,  then  molybdic  oxychloride,  then, 
probably  in  consequence  of  a tk'txm«lary  reaction,  a red  wiKilly  sublimate  of  molybdic 
dichlorido  (Sch i ff).  Arsrnious  anhgdridf  is  easily  decom|>osed  by  pcntarhloridc  of 
phosphorus,  yielding  phosphoric  oxychloride  and  trichloride  of  arsenic;  flrxrnic  onAy- 
yields  the  same  products,  with  evolution  of  chlorine  (H  urtzig  and  Geut her, 
JaJiresb.  1857,  p-  186): 

+ mv  « 3rori»  + 2Asn» 

As*0»  + 61  Vi*  « 6POl'i»  + 2A>C'l>  + Cl*. 

Chloride  of  ekromnf  (chloroehromic  acid),  CrOKM*,  gently  heated  with  pho»phr>ric 
chloride  yields  a br  *wn  mass ; at  a stronger  heat,  phosphoric  oxychlorido  and  five 
chlorine  are  given  off,  and  there  remains  a blue  powder  containing  cltromlc  and  phos- 
plioric  chlurid<‘S,  and  couvertinl  at  u red  heat  into  violet  chromic  chloride  : 

2CrO»CP  + 4PCl>  - 4POCP  + 2CK:i>  + 3Cl» 

(Weber:  see  also  Schiff,  Jahresb.  1857,  p.  107).  Boric  anhgdridc  is  but  very 
slightly  decompoMHl  by  ignition  in  the  vapour  of  phosphoric  chloride;  iodic  anhydride 
very  ea.sily  (W  eber).  2iitrate  of  silver  an<l  rh'oratr  of  potassium  arc  decomposed  by 
pliosplioric  chloride  at  ordinary  tcmpemtiircs  ; tungi>tate  of  iron  (wolfram),  sulphate  of 
barium^  ph»syhatf  of  sodium  ami  other  salts  at  a red  heat  (W eber).  Tlio  decompo- 
sition of  chlorate  of  potassium  is  represented  by  the  equation: 

KClO’  3PCP  -=  3POC1*  + KCl  4-  3C1* 

Sometimes  also  a detonating  ga.s  (hypcchlorous  anhydride  or  chloric  peroxide)  is 
evolveil,  probably  from  the  action  of  hydrochloric  acitl  rcBultiiig  from  the  presence  of 
moisture  (Baud  rim  out).  Aceortling  to  Schiff  ( Ann.  Ch.  Pharm.  cvi.  116)  a dark 
yellow  gas  is  given  off.  wliich  may  bt»  heated  without  »*xploding,  and  when  psiwed  into 
dilute  potash-solution,  forms  chloride,  hypochlorite  and  chlorate  of  potassium. 

10.  MtUdlic  sulphides  luMted  in  the  vapour  of  ivntacliloride  of  phosphoms,  are  de- 
composcil  like  the  oxides,  yielding  metallic  chloride  and  sulphochloride  of  phosphorus, 
r^^CP,  but  generally  with  greater  facility  than  the  oxides,  and  sometimes  with  incan- 
descence. Iron  pyrites,  tine-blende^  sulphide  of  bistnuth,  ttalgar^  native  sulphide  of 
antimony,  and  galena,  are  easily  and  completely  decomposed,  the  last  with  incandes- 
cence and  formation  of  a brown-retl  product,  probably  a sulphoi'lihiride  of  lead ; ars-  ni- 
cal  pyrites,  smuUinr,  coluilt-spciss,  and  red  silver  ore  arc  likewise  easily  d»vompose<l. 
& lenide  of  had  yieMs  chloride  of  lead  and  a reildish  Bcleniferous  liquid  probably  con- 
taining scleniochloride  of  phosphorus.  Metallic  arsenides,  siu’h  ns  arsenical  iron  and 
copper-nickel.nrcbul  slowly  attacked  by  p<*ntacliloridc  of  phospljorns.  (Weber,  loc  cit.) 

11.  Sulphitcffnuate  of  jtotnssinm  gently  heate<l  with  je-ntacliloridc  of  phosphorus 
yields  gaseous  chloride  of  cyanogen,  sulphochloride  of  phosphorus,  and  chloride  of  po- 
tuBsium : 

KCy.S  + PCI»  * CyCl  + KCI  + PSCP. 

A small  quantify  of  chloride  of  sulphur  is  likewise  formrsl.  At  a higher  temper:itupc 
larger  quantities  of  ehlorl<le  of  Biilpluir  distil  over,  together  with  trichloride  of 
phosphoru.s  and  solid  chh*ride  of  cyanogen;  and  a reddish-yellow  rcaidue  is  left,  from 
which  water  extmets  chloride  of  ]>otaBsium,  leaving  sulphur  and  yellow  decompoMition- 
products  of  potHSsic  Bulphocyansite.  The  first  reaction  is  pndiably  : 

CKCy.S  + 2I'C1‘  = 2Cy>Cl*  + S»Cl»  + 2K('l  + 2K^S’  P^, 

the  free  phosphoms  and  the  disulphide  of  pnta.sejum  afterwards  acting  on  fresh  portions 
of  the  pcnlachloriile,  as  follows  ; 

+ 3 1 VI*  = 5IVI»: 

k*s3  + TCP  - psrp  4-  2KC1  + a 

The  yellow  products  above  mentioned  probably  arise  from  another  mo»le  of  decompo- 
sition of  the  sulplioi-^anale,  pn>duecd Kimultaaeonsly  by  the  heat.  (Sclilfti  .Ann.  Ch. 
Pharm.  cvi.  IIG.) 
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With  phosphnrtttrd  hydrogen  pentachloridp  of  phosphorus  forms  hydrochloric  acid 
and  trichloride  of  phosphorus,  or  Irw  phosphorus,  accordiug  to  the  proportions: 

srci*  + rii’  = 3uri  + 4rn> 

3rci‘  + 61*11'  = 1611C1  + }>•. 

12.  Pcntachloride  of  phosphorus  rapidly  absorbs  ammonia-gat,  forming  sal-ammoniac, 
the  so-called  chlorophosphamide  (p.  498),  chloronitride  of  phosphorus,  and  pcrhapa 
other  products; 

PCI*  ■¥  4^^I'  = N'H'PCl’  + 2S11'C1; 

Chiorn|ih<i«|>h»m((lc. 

and  PCI*  -t  4NII*  ^ PNCl'  -s  GNn'Cl. 

Chloroi  ItrUie 
ol  piiu»{>lioru«. 

It  wiis  formerly  supposed  al>o  that  a compound  of  ammonia  with  the  penlnchloride 
was  formed;  but  tliis  do<*»  not  to  be  the  case.  (.See  Gmtlina  HaudU-ok, 

ii,  482.) 

13.  Amides  are  decomposed  by  pentacbloride  of  phosphorus  in  various  ways.  Aata^ 

-mids  acts  very  violently  on  the  penJaehloride,  and  on  di.Htilling  the  product,  a con- 
siderable quantity  of  carliouuceous  matter  is  left,  while  a compound  of  acetonitrile 
with  trichloride  of  phosphorus,  C*iPa\.PCl*,  passes  over  (Henke,  Ann.  Ch.  Phann. 
cvi.  272).  Butyramidv  in  like  manner  the  comixmnd,  C^H^K.PCl*  (Henke) ; 

or  accoriiing  to  Cahours  (Compt.  i\*ud.  xxv.  325),  bulyronitrilo,  oxychloride  of 
phosphorus,  and  hydrochloric  acid  : 

C^H'NO  + PCP  = C'lrX  + pool*  + 2HCL 


yields  In  like  manner,  accoixling  to  Henke,  benronitrilc,  C’lPN,  oxychloride  of 
phosphorus,  and  hydrochloric  acid;  ac^*or«iing  to  (lerhardt,  the  first  products  of  the  r»*- 
action  are  oxychloride  of  j>ho.‘iphonis,  and  the  ooinixiund  (J^IPNCl* : 

C’H'NO  + PCP  = POCl*  + CHPN'CP; 


the  latter  being  subsequently  resolved  into  HCl  and  CHPXCl,  which  when  heated  is 
further  resolved  into  HCl  and  C*H*N  (benzonitrile).  tiidphitphenyhmide  (or  sulphi^ 
phtiifflamic  acid),  C^H*S(VX,  heated  with  pentachloride  of  phospliorus  yields  sulphiphe- 
nylic  chloronitride  (Oerhardt’s  chloride  of  sulphophcnylamidyi) ; iiiwitling  to  the 
equation : 

H.f'*H‘)  V 

(sor  Kv  + pci‘  = HCl  + pon*  + (*'<o>*'x,>. 

II  j'*  H 

Sulphipr’cnylsmtc  8uh**i^p>'*'>‘yJ‘c 

aciU.  cb  uronUriilf. 


BtmosuJphtiphtvylamidf  yield.**  in  like  manner  l»enzosulphiphenylic  chlonmilridi* : 
C’HH)! 

C’-n*  ' S 

(riO)-  j 0 

H ) 


J»Cl* 


HCl 


poa* 


CHI-O)  „ 
oiP  3^^ 


(Oerhardt,  Ann.  Ch.  Pliarm.  cviii.  214;  compare  F i 1 1 i g,  t5/</.  cvi.  277;  Jahre.sb. 
1S58,  pp.  314—320.) 


Cf'fnpounds  of  Pentachloride  of  Phosphorvs  irith  other  Chlorides, 

These  compounds  are  obtained  either  by  direct  eombination  of  their  proximate 
constituents,  or  by  the  action  of  various  elementary  IhmIjc^  on  pentachloride  of  phosphorus 
(p.  612).  They  arc  all  less  volatile  tliaii  the  latter,  and  may  be  freed  from  excess  of 
it  by  heating  for  ten  to  twenty  hours  to  160® — 180®,  and  further  purified  by  sublima- 
tion at  a higher  tempemlun*.  They  are  all  solid,  volatile,  fume  in  the  air,  and  are  d**- 
compo6e<l  by  water,  in  some  cases  with  rise  of  tempemture.  (Baudrimout,  Compl, 
n ml.  Iv.  361 ; Ann.  Ch.  Phys.  [4]  ii.  6.) 

lodophosphoric  ckloride,  PICl*  *=  PCIMCI,  is  obtained  by  the  action  of  imline  on  the 
pe  ntachloride  ; also  by  direct  combination  of  its  comjKinent  chlorides,  or  of  trichlori*lo 
of  pluwphonis  with  trichloride  of  iodine;  or  by  tlie  action  of  trichloride  of  iodine  ou 
p<  iitHchloride  of  phosjiliorus  : 

PCP  + ICP  -=  Pin*  + Cl*. 

It  is  orange-yellow,  and  may  be  obtaint'd  by  distillation  in  lieiiutiful  ne<“<Ucs  which 
quickly  absorb  moisture  and  deliquesce  to  a corrosive  liquid. 

Stltnio-phorphoric  chloride^  = 2PCl*.SeCl*,  obtained  by  direct  combination 

is  orange-yellow,  boils  at  220®  and  acquires  a transient  r«*d  colour  when  heated  till  it 
Tolntilises. 

Atumiuo-pkosphorii'  chloride,  PAK'P  * PCI*. AlCl*. — This  conipmnd,  first  oblaiiuHl 
, j I.  2 
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by  Weber  (roM.  Ann.  crii.  375),  la  produced  by  direct  combination,  1/y  heating 
finely  divided  alumina  in  the  vapour  of  phoanhoric  chloride  (Weber),  cr  by  the 
action  of  aluminium  on  that  compound  (Baudrimont).  It  is  white,  easily  fuMble, 
aolitiifies  in  the  ciyetalline  form  on  cooling ; is  much  leas  volatile  than  either  of  the 
comp«meiit  chlorides  (Weber\  boils  above  400®  (Baudrimont).  It  i-s  decomposed 
by  phosphorus,  with  formation  of  trichloride  of  phosphorus:  forms  a dark  red^lTOWn 
mass  when  heated  with  sulphur;  and  when  hrulw.!  with  chloride  of  potassium,  girea 
off  pentachlorido  of  phosphorus,  aud  U converted  into  chloride  of  aluminium  and 
potassium. 

FrrricO’pho$jihork  chloride,  PFeCl*  = PCl*.Fe'"Cl*,  obtained  by  similar  processea 
is  brown,  easily  fusible,  less  volatile  than  cither  of  the  oompoDcnt  chlorides  (W eber) ; 
melts  at  98°  and  lx*iU  above  280°.  (Baudrimon  t.) 

Mrrturia>'pho8phoric  chloride,  PHg*Cl'*  PCl*.3IIg*Cl*,  forms  easily  fusible 
needles  volatilisiug  at  about  200°,  and  decomposing  when  suddenly  heated.  (Bau- 
drimont.) 

Platinico-phosphoric  chloride,  P*PtCT^  *=»  2PC1*. Pf’Cl*,  obtained  by  the  action  of 
platinum  on  the  peiilachloride,  is  an  amorphous  ochre-brown  mass,  which  volntilisi  a 
With  partial  decom{>osition  at  t**m}>eratures  alxive  300°.  (Baudrimont.) 

Stannico-ph4Uipki>ric  chitoidr.  FSnCI*  = pnxIiH'^'d  by  ilin-ct  combination 

or  by  gently  heating  the  compound,  2SCl*.SnCl*  with  trichlorido  of  phosphorus  in  a 
current  of  dry  hydrochloric  iwid  gas  : 

2SCP.SnCF  + 3PCP  « PCP.Pn^’CF  + 2PCP  + SKV ; 
also  by  heating  the  »ime  com|*ound  with  pentachloride  of  phosphorus  in  a stream  of 
chlorine  (Cftsselmun  n,  Ann.  Ch.  Pharm.  Ixxxiii.  257 ; Jaliresb.  1852,  p.  393).  It 
sublimes  in  brilliant  ctdourle.ss  needie*ahnped  crjstuls,  which  soon  crumble  to  an  amor- 
phous jK)wdere\vn  in  clot»e«i  ve>>se]M(Ca8  8elinanii).  ilelUat  220°,  and  volatilises  with 
partial  decomposition.  (Baudrimont.) 

PHOSPHORUS,  CHX.OHOVXTHXSB  OF.  P’NTP.  Ch/oroph^i^phuret  oj 
yUnH/rn. — This  c<»mj>ouml  was  discovered  by  Wohler  and  Liebig  (Ann.  Ch.  Phnrm. 
xi.  Il6h  who  assigned  to  it  the  formula  P’NHyl*.  It  wa.s  further  examined  by 
Uladstone  (Chem.  Soc.  Qu.  J.  iii.  135),  whose  analysea  appeared  to  confirm  this 
formula.  Laurent  however tCnmpt.  chim.  1850.  n.  387),  suggiatinl  that  the  tnie  for- 
mula of  the  compimiul  was  PNC’!’,  derived  from  that  of  pcnUichlorido  of  phosphonis 
by  the  substitution  of  1 at.  nitrogen  for  3 at.  hydrogen:  and  the  correctness  of  this 
formula  has  been  established  by  the  recent  analyses  of  Gladstone  and  Holmes 
(Chem.  Soc.  J.  xvii.  225),  w ho  have  however  shown  that  it  must  be  tripled  in  accord- 
ance with  the  observini  vapour-density. 

Fornuition, — By  the  action  of  pentachloride  of  phosphonis  on  ammonia,  chloride  of 
ammonium  (W dhler  and  Liebig),  or  chloride  of  dimercurammonium  (white  precipi- 
tate). (Gladstone  and  Holmes.) 

Preparation. — 1.  Pentachloride  of  phospbonw  is  saturated  with  dry  ammoniacnl  gns, 
and  the  white  mass  produced  is  distilled  with  wafer.  The  crystals  which  condense  in  the 
water  contained  in  tho  receiver  are  then  collected  on  a filter,  was!ie<l,  dried,  and  purifi»*d 
by  solution  in  hot  ether  and  recrj’stallisiition  (Wohler  and  Liebig). — 2.  Penta- 
chloride of  phosphorus  is  |ilaced  at  the  closed  end  of  a glass  tube  three  feel  long,  and 
at  a short  distance  from  ib  long  piect»s  of  sal-ammoniac  are  intn>duce<l.  in  such  quan- 
tity that  the  tube  may  be  half  filled  with  them.  The  tube  is  then  laid  horizontally  in 
a long  fiimaco,  similar  to  that  u-e<l  for  organic  anulysis.  and  the  snl-amnioniar 
heated  till  it  begins  to  volatilise ; a gentle  heat  is  tlien  applied  to  the  chloride  of  phos- 
phorus,  so  that  its  vapour  may  slowly  pass  over  tho  sal-ammoniac,  and  be  completely 
deconipo^cHl.  A hirg»'  quantity  of  hydrochloric  acid  gn«  is  evolv<*<l,  and  the  cool  part 
of  the  tnlM»  becomes  filled  willi  crystals  of  chloronitride  of  phosphorus.  This  portion 
of  the  tube  is  broken  off  and  freetl  from  sal-ammoniac  by  sliglitly  Wiishing  it  with 
water,  aud  the  comjtound  is  finally  purified  with  ether  (Wohler  aiid  Liebig). — 3.  An 
intimate  mixture  of  while  precipitate  and  pentacldoride  of  phospliorus  is  gi  ntly  lieattMl 
in  a flask,  whereupon  a brisk  action  ensues,  and  chloronitride  of  phosphorus  is  foniunl, 
together  with  chlorophosphamide,  mercuric  chloride,  and  sul-arnmoninc.  The  piTKluet 
is  ireatKl  with  water  which  dis.solvee  out  tlie  two  latter  substances,  and  from  the  residue 
when  dry  the  chloronitride  may  be  extracted  by  means  of  ether,  chloroform,  or  sulphide 
ofearbon.  This  method  :s  ea.sier  of  execution  than  the  preceding,  but  not  more  pro- 
ductive. (Gladstone  and  Holmes). 

Prnpertie^ f’hloronitride  of  phosphorus  vrpnmtes  from  either  of  the  solvents  jnst 

mentioned  in  crystals  b«longing  to  the  trim<  tric  .sNstem.*  Bj*ecilic  gravity  «■  P98; 

• p»p*'r  bjr  CltdttnM*  and  Jiborr  refrrrM  tornn(Me<  n full  df  ftcriptlon  of  tltr  form  and 

ofitUal  propcTtii**  of  lin  •«  cryiuli,  Fiole»»or  W.  H.  Millet  «t  Cambral^e. 
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fnmU  dysfals  or  a film  of  the  melted  substance  flout  however  on  w ater,  doubtless  from 
its  inability  to  be  wetted.  Its  specific  refractive  energy  (t.c.  *) 

observation  0‘316;  by  calculation  from  the  specific  refractive  energies  of  its  constituenta 
(phosphorus  0*58,  nitrogen  0*238,  chlorine  0*242)  it  is  0*332  (Gladstone  and 
Holmes).  It  melts  at  about  110^  to  a clear  liquid  which  boilsat  240^;  it  volatilises 
slowly  at  ordinary  temperatures,  and  when  heated  gives  oflT  a dense  vapour  having  a 
peculiar  odour  (Gladstone).  It  gives  by  analysis  25  96— 26*44  per  cent,  phosphorus, 
11*73  nitrogen,  and  60*72 — 61*15  chlorine  (Gladstone  and  Holmes),  agreeiiiff 
nearly  with  the  formula  PNCl*  which  requires  26*72  phosphorus,  12  07  nitrogen,  and 
61*21  chlorine.  The  vapour-density  (mean  of  two  determinations)  — 12*21 ; whence 
the  true  formula  of  the  compound  is  P’N'CH*  which,  for  a condensation  to  2 volumes, 
gives  for  the  calculated  density  the  numVn'r  12*10. 

Chloronitrido  of  phosphorus  is  insoluble  in  water,  which  moreover  does  not  easily 
wet  it;  easily  soluble  in  alcofuA,  chloroform,  sul-phide  of  carbon,  bimstne,  oil  of 

turpentine  and  otlier  hydrocarl»ons.  It  is  not  decomposed  by  sublimation  in  hydn'gen 
or  Bulphydrio  acid  gus ; or  when  healed  with  iodine  (Gladstone).  When  ignitetl 
with  oxide  of  copper,  it  yields  nitrogen  gas  and  nitnc  peroxide.  Its  vapour  passed 
over  red-hot  iron,  yields  nitrogen  gas,  and  a crystalline  mass  consisting  of  chloride  and 
phosphide  of  iron  (Wohler  and  Liebig).  li^ented  with  silver,  it  yields  chloride  of 
silver,  another  silver-salt  insoluble  in  nitric  acid,  and  ammonia;  it  is  decomposed  in  a 
similar  manner  by  silver  when  dissolved  in  ether,  the  solution  acquiring  an  acid 
reaction.  Its  alcoholic  solution  mixed  with  nitrate  of  silver,  yields  a prt*cipitate  of 
silver-chloride.  According  to  Wohler  and  Liebig,  it  is  not  attacked  by  sulphuric,  hy- 
drochloric, or  nitric  acid,  even  when  heatetl ; according  to  Gladstone,  the  crystallised 
substance  is  attacked  only  by  hot  fuming  nitric  acid,  and  more  easily  when  dissolved  in 
alcohol  or  ether. 

When  treated  in  alcoholic  solution  with  ammonia  or  potash,  it  is  immediately  con- 
verted into  pyropbusphodiamic  acid  (^.  e.)  (Gladstone  and  Holmes): 

2P*N>Cl‘  + ISH'^O  « SPN^EH)*  + 12HC1. 

Chlororitiride  Pyrnphu*- 

of  phosphorus.  phodiamic 

acid. 

PBOSPBOlt'D'S,  CBMBOSUXPBZDB  OS*.  See  Fhosphobus,  Si'LPIIOCULO- 

HIDB  OF. 

PHOSPHORUS,  CTA3rZ2>ES  OF.  Kemp  found  that  cyanogen  liqnefi«>il  by 
strong  pressure  is  capable  of  dissolving  phosphorus;  and  Cenedella  (Ann.  Ch. 
1‘harm.  xriiL  70),  by  heating  5 grains  of  phosphorus  with  20  grains  of  mercuric  cyanide, 
obtained  (unless  a dangerous  explosion  took  place)  a white  sublimate  which  had  a very 
pungent  odour  of  phosphorus  and  cyanogen,  and  dissolved  in  water  with  ebullition 
and  separation  of  phosphoru.s,  forming  a solution  of  phosphoric  acid,  with  traces  of 
hydrocyanic  acid  {Grmlin'a  Handlxtok,  viii.  147).  Neitlier  of  these  products,  however, 
appears  to  have  possessed  any  definite  chanicter,  and  the  only  known  definite  cyanide 
of  phosphorus  yet  obtained  is  that  which  con*c*fe|>onJs  to  the  trichloride. 

Tiicjaaide  of  Ptaospboms  or  Pbospborouo  Cjronide,  PC’N*  or  PCy* 
(Hubii‘*r  and  Wehrhane,  Ann.  Ch.  Pharm.  cxxviii.  254  ; oxxxii.  277). — This  com- 
[Hmml  is  produced  : 1.  By  heating  cyanide  of  silver  with  tricldoride  of  phosphorus  in 
a sealed  tube : 

PCI*  + 3AgCy  - PCy*  + SAgCl. 

2.  Together  with  chloride  of  cyanogen  and  chloride  of  silver,  by  heating  cyanide  of 
silver  with  a solution  of  pentachloride  of  phosphorus  in  sulphide  of  carbon  : 

PCI*  + 4AgCy  = PCy*  + CyCl  + 4AgCl. 

It  is  not  formed  by  heating  other  metallic  cyanides  or  hydrocyanic  acid  with  trichloride 
of  phosphorus,  or  by  mixing  phosphorus  vapour  with  cyanogen  gas  or  vapour  of 
chloride  of  cyanogen. 

iWitnratom.^  Cyanide  of  silver  is  thoroughly  moistened  in  a strong  tube,  which  is 
kept  cof>l,  wnth  trichloride  of  phosphoru.'* ; the  tube  is  sealed  and  heatwl  to  130* — 140® 
for  six  or  eight  hours;  the  product  is  then  warmed  to  drive  off  the  exi^c*ss  of  the  tri- 
chloride; and  the  dry  residue  is  heat*Hl  to  130®— 140®,  or  at  most  to  180®,  in  a 
rrt«>rt  having  its  beak  direete<!  upwards  (Iw’st  in  a slow  stream  of  carljonie  anhydride) 
till  it  suhlinies.  The  n^tort  is  then  closed  air  tight  and  left  to  cool,  and  ihe  crystals 
of  phosphor«>u.s  cyanide  are  removed  from  the  neck  by  a gbiss  rod,  20  to  25  grammes  of 
silver-cyjinide  yield  4*5  to  4*8  grammes  cyanide  of  phosphorus. 

Proptrtics. — Tricysnide  of  phosphorus  form.H  long  white  needles  or  thick  plates, 
which  take  fire  even  on  being  touched  with  a warm  glass  rod,  and  gradually  disintegrate 
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in  contact  with  moist  air,  with  Beparalion  of  phosphonia,  formation  of  phosphorous  add 
an«l  evolution  of  hydrocyanic  aci<l.  It  melts  between  200°  and  203°,  and  remains 
liquid  for  some  time  after  fusion,  but  solidihnt  on  bring  touched  with  a solid  body.  It 
b*jils  at  a few  (b^grees  abive  its  nieUing  ptuut.  It  Ls  but  slightly  tkduble  in  ether^ 
chloroform,  exUph.de  tf  carf>on  or  (ruhlotide  of  phoj>phorus,  more  easily  however  neap 
its  melting  wint.  In  contact  with  icu^r,  it  is  rapidly  decomposed,  yielding  hydro- 
cyanic and  (uiosphorous  adds.  With  ctly'ic  or  amylic  aU'ohol,  it  pnAu«‘s  the  corre- 
sponding phosphorous  t-lher,  together  with  a large  quantity  of  hydrocyanic  acid  and  a 
fetid  body,  the  sunu*  appanmtly  as  that  whi<*h  is  formed  in  the  preparation  of  cyanide 
of  ethyl  (ii.  211).  Acttic  acid  acts  on  phohphon>u«  cyanide  with  great  violence,  otlen 
producing  sejmnition  of  carbon.  With  vale  rianic  aoid  it  forms  hydrocyanic  acid,  i*ht»s- 
pliorous  acid  and  an  oily  bo«ly  exhibiting  the  reactions  of  cyanide  of  valeryl,  Chtoride 
of  acttyl  acts  upon  it  at  100°,  but  the  reaction  do»8  not  yield  any  easily  separable 
products.  Jt  is  not  acted  iq>on  by  dry  ammonia  yas  at  ordinary  lenqKTatures,  but 
when  heated  in  that  gas,  it  is  converted  into  a black  mass  insoluble  in  water. 

7B08PH0&V8,  BBTSCnOlir  ABB  ESTIIOATZOB  OT.  l^hosphorus.  as 
already  observt*d,  occurs  in  nature  mo>t  frequently  in  the  form  of  a phosphate.  Tite 
reai'tions  of  these  salts,  and  the  metiiods  of  estimating  the  phosphoric  acid  or  tlie 
phosphorus  contained  in  them  will  be  given  hereafter  (seo  Puospuobus,  Oxyokm- 
Acms  ok). 

In  the  lower  oxygen-compounds  of  phosphoms,  namely  the  phosphites  and  hypo- 
phosphites,  the  phosphorus  is  determined  by  converting  them  into  phosphates  by 
oxidation  with  nitric  acid,  or  bt'tter  witli  hydrochloric  acid  and  chlorate  of  potassium, 
or  by  their  reducing  action  on  salts  of  gold  or  men*ury. 

The  chlorides  of  phosphorus  are  analysed  by  decomposing  them  with  water  or 
with  alkaline  solutions,  whereby  they  an*  converted  into  hydrocltloric  acid,  and  phos- 
phorous or  phosphoric  acid,  uiHxmiing  as  the  (*ompound  op<‘rut(xl  on  is  a tri-  or  penla- 
chloride.  In  tiio  latter  case,  the  p}lo^plloruM  may  be  imm<nliately  precipitated  as 
ammouio'niHgne^ian  phosphate  ; in  the  former  it  nmst  fir>*t  l>e  brought  to  the  slate  of 
phosphoric  acUl  by  oxidation  with  nitric  acid.  The  chlorine  may  be  d«-termineii  by 
precipitation  with  nitrate  of  silver.  The  same  method  serves  for  the  analysis  of  the 
bromides,  iodides,  and  cyanide  of  phosphorus. 

The  sulphides  of  phosphorus  may  be  decomjKisetl  by  fusion  with  nitre  and  carbo- 
nati?  of  sodium,  or  by  treatment  with  hydrocliloric  acid  and  chlorate  of  potassium.  In 
either  case,  the  phosphorus  is  eouverted  into  ph<»sphoric  acid,  the  sulphur  into  sulphuric 
acid,  iuid  the  former  may  be  ])riH:ipitat(‘d  by  solution  of  magnesia  and  ammonia,  the 
Litter  as  a barinm-salt. 

The  same  method  is  applicable  to  the  selenides  of  phosphorus. 

Tho  uitrogen-eompouiids  of  phosjiliorus,  viz.  the  phosphamides  and  phos- 
phamic  acids,  arc  decom|H»Md  by  the  action  of  alkalis,  the  phosphorus  being  thorid*y 
converted  into  a s;dt  of  pliosphoric  acid.  Chloronitnde  of  phospboriia  is 
decooiposf'd  by  treating  its  alcoholic  solution  with  ammonia,  whereby  it  is  converted 
into  chloride  and  pyrophusphodiumato  of  uiiiinonium  (p.  ol7).  Tlie  chLirine  is  thru 
thrown  down  by  nitnite  of  silver  in  presence  of  nitric  acid,  and  the  pyroph ospliotliamic 
acid  is  cunvert^  into  phosphoric  acid  by  Uiiliug  its  solution  fur  some  time  with  hy- 
droidiloric  acid.  (Gladstone  and  Uoluirs.) 

The  pho>phoms  in  orcanic  co  m pounds  is  converted  into  phi^sphorie  acid,  either 
by  fusion  with  nitre  ana  carbonate  of  sodium,  or  by  Carius's  method  of  heating  with 
nitric  acid  in  sealed  tubes  (see  Ax.vi.ysis,  Ow.axic,  i.  248).  Many  animal  and  v»*gctablo 
substances  contain  phosphorus,  piirtly  as  phosphoric  acid,  partly  in  combination  with 
the  organic  mat b r.  To  estimate  tho  quiuitilir*  of  phosphorus  existing  in  these  two 
states,  a known  weight  of  the  4.'ompoiuid  is  IwiUHl  with  liydroirhloric  acid,  which  dis- 
solves the  phosphate  prt'sent,  and  possibly  another  portion  or  oven  the  whole  of  the 
compound,  though  that  Is  setilom  tho  case.  The  liquid  is  then  filtrn^i  and  the  phos- 
phoric acid  pn-cipitated  as  ammonio-magnrsiau  phosphate.  Another  jxirliun  of  tJie 
c^^mpouIul  is  oxidised  by  one  of  the  methiMls  alH>vc  rnenlioucd,  and  tho  phosphoric  acid 
detemiinrtl  in  like  manner.  If  tho  quantities  of  phosphoric  acid  obtained  in  the  two 
eases  are  equal,  it  may  be  concluded  that  all  the  phoij*honis  iu  tho  original  coin(simul 
was  in  the  fonu  of  phosphoric  acid  ; if  on  the  other  hand  tlie  oxidised  |)ortion  is  found 
to  yield  a larger  quantity  of  phosphoric  acid,  the  qmintify  of  jihosphoms  existing  in  the 
nun -oxidised  couuilion  may  be  calculated  from  the  ditfrrence. 

Gaseous  com]>ounds  of  phosphorus  and  hydrogen  are  analysed  by  passing  them 
in  the  perfectly  dry  state  over  a weighed  quantity  of  sulphide  or  chloride  of  copper, 
nickel,  cobalt,  or  iron,  of  known  composition,  kept  at  a nio<!eralc  heat  in  a bulb-tul»e. 
The  metal  is  thereby  completely  converted  into  pliosphide,  and  tho  sulphur  or  chlorine 
pa^io-s  off  as  siilphytlric  or  hydn.»«*hloric  acid.  Tltc  bulb-tube  containing  the  mclaliio 
chloride  or  sulphide  is  WLigheJ,  first  empty,  then  with  the  chloride  or  tul]  bid«  in  it, 
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and  lastly  at  the  completion  of  the  experiment.  The  composition  of  the  chloride  or 
sulphide  ustnl  being  previously  known,  the  quuntit}'  of  metal  contained  in  it  is  also 
known  and  the  excess  of  weight  of  the  metallic  phosphide  over  tliis  gives  the  quantity 
of  phoepbonis  in  the  gas.  To  determine  tlie  quantity  of  hydrogen  that  was  in  combi- 
nation w'ith  it,  the  sulphur  or  chlorine  that  hits  united  with  tliis  hydrogen  must  be 
collect«“d  and  estimated.  When  a sulphide  is  used,  the  sulphydric  acid  produced  may 
be  passed  iuto  a solution  of  lead  or  copper,  the  precipitated  sulphide  oxidistMi  by  nitric 
acid,  aud  the  sulphur  precipitatetl  us  sulphate  of  barium  (see  Sulphur).  If  the 
original  metallic  comj>ound  was  a chloride,  the  hydrochloric  acid  which  passes  off  is 
passed  into  dilute  ammonia ; the  resulting  solution  neutralised  with  nitric  acid,  and  the 
chlorine  precipitated  by  nitrate  of  silver.  The  quantity  of  sulphur  or  chlorine  which 
has  been  expelled  as  a hydi\>g4*n-comjxmnd  being  thus  known,  the  quantity  of  hydrogm 
which  has  entered  into  combination  with  it,  which  is  the  same  as  that  originally  com- 
bined with  the  phosphorus,  is  eiisily  calculated.  This  method  gives  trustworthy  results 
even  when  the  phosphoretted  hydrogen  pis  is  mixed  with  a consiJemble  quantity  of 
free  hydrogen  ; for  the  sulphides  of  the  metals  above  mentioned  are  not  di'comj^osed 
by  free  hydrogen,  even  at  high  tempemtures ; neither  are  their  chlorides  decomposed 
by  that  gas  at  the  temperature  r<*quired  for  the  decomposition  of  the  phosphoretted 
hydrogen,  esj>eeially  in  pn*sence  of  an  excess  of  the  latter.  The  sulphides,  however, 
give  for  tlie  most  part  more  exact  results  than  the  chlorides. 

To  determine  the  total  amount  of  hydrogen  as  well  as  of  phosphorus  in  a mixture 
of  phosphort'tted  hydi\>gen  and  free  hydrogen,  the  gas,  after  ^ing  thoroughly  dried,  is 
pttssi  d,  thn^ugh  a tul>e  contuiuiug  very  finely  dividi^  metallic  copper  heattnl  to  reilncss. 
The  phosphorus  then  unites  with  the  copper,  and  the  hydrogen  thus  liberated,  together 
w ith  that  originally  existing  in  the  free  state,  passes  iuto  a second  tube  containing  oxide 
of  copper  likewise  beate<l  to  rti:lne.sH,  whereby  the  hydrogen  is  converted  into  vapour  of 
wafer,  which  passes  on  and  is  collected  in  a third  tube  containing  dry  chloride  of  calcium. 
The  increase  of  weight  of  the  first  tube,  after  the  experiment  gives  the  quantity  of  phos- 
phorus, and  the  increase  of  weight  of  the  third  tube  gives  the  quantity  of  water  formed, 
whence  the  total  quantity  of  hydrogen  is  determined.  In  this  manner  the  relative  quan- 
tities of  free  hydrogen  and  phospljon-ttisl  hydrogen,  PII",  in  the  gas  may  be  found. 
For  other  methocUsee  II,  Itose.  {Traitede  Chimie  Anal^tiqitr,  ii.  1172.) 

Metallic  phosphides  are  analymnl  by  dissolving  them  in  nitric  acid,  nifro-muri- 
ntlc  acid,  or  a mixture  of  hydrochloric  acid  and  chlorate  of  potastium.  The  phosphorus 
is  thereby  completely  converted  into  phosphoric  acid,  the  metal  being  for  the  most 
part  dissolvt'd  at  the  nuiio  time.  The  metal  may  then  be  precipitated  from  the  solution 
by  sulphydric  aciil  orsulphide  of  ammonium  (after  the  exct  ss  of  uitricacid  has  been  driven 
off  or  nearly  neutr.iliscHl),  and  from  the  filtrate  the  phosphoric  acid  may  be  precipitated 
as  ammonio-mugiiesian  phosphate.  If  pure  nitric  acid  nos  been  used  to  dissolve  the 
compound,  the  solution  may  be  evaporatt>d  to  dryness,  the  calcined  re.sidue  decomposed 
by  fusion  with  an  alkaline  carlxmate,  the  fused  mass  digested  with  water,  and  the  phos- 
phoric acid  precipitated  from  the  filtennl  alkiiline  solution  as  above.  The  phosphide 
may  also  be  decomposed  at  once  by  fusion  with  four  or  five  times  iu  weight  of  a 
mixture  of  nitre  ann  alkaline  carbonate. 

Most  metallic  phosphides  are  insoluble  in  hydrv>chloric  acid,  even  when  heated. 
Nevertheless  when  a very  small  quantity  of  phosphorus  is  associated  with  a huge  quan- 
tity of  iron,  as  in  many  kinds  of  pig-iron,  tho  whole  dissolves  in  hydrochloric  or  dilute 
sulphuric  acid,  the  phosphorus  passing  into  solution  ns  phosphoric  acid.  (For  tho 
nictlKHls  of  I'stimuting  phosphorus  in  pig-iron,  see  iii.  373.) 

for  frre  l*hoftph<>rrtr. — The  properties  and  react  ions  of  phosphonis  in  the  free 
state  have  been  already  describ<‘<I.  OMinar}’  phosphorus  is  especially  distinguished  by 
its  r»*udy  inflammability,  the  bright  flame  and  dense  while  fumes  of  phosphoric  anhy- 
dritle  pnxluced  by  its  rapid  combustion,  and  by  the  peculiar  odour  and  luminosity 
in  the  dark  n*sulting  from  its  slow  combustion  at  ordinary  temjxTatures.  Oils  and 
fiitty  substances  mixe<l  with  finely  divided  phosphorus  likewise  shine  in  the  dark  with 
a greenish-white  light.  Small  quantities  of  phosphorus  in  the  state  of  ^'Hpour  or  me- 
chanically BU.spendMl  particles,  impart  a peculiar  greenish  colour  to  the  flame  of  hydro- 
gen ami  other  combustible  gases. 

When  the  quantity  of  free  phosphorus  mixwl  with  any  substance  is  too  small  to  pro- 
duce luminosity,  it  might  be  delected  by  oxidising  it  to  phosphoric  acid  by  means  of 
nitric  aei<l  or  hydrochloric  acid  and  chlora*o  of  potassium,  anti  testing  for  ph«>sphoric 
acid  by  the  usual  methods.  Hut  when  }ihosphorus  has  to  Ik*  searched  for  in  oases  of 
poistming,  this  metlu>d  is  of  no  value : for  phosphoric  acid  is  contained  in  most  of  tho 
tiv^ncs  and  fluitls  of  the  animal  lx»dy,  and  in  the  majority  of  substances  which  are  used 
ns  food.  To  obtain  the  reactions  of  this  acid  in  the  substance  under  examination, 
affords  ilierefore  no  proof  tliat  phosphorus  has  been  administered  ; the  only  satisfactory 
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eviilonce  of  such  administration  is  to  produce  the  phoephonu  in  the  free  state,  or  at 
least  to  exhibit  its  luminosity. 

The  process  generally  used  for  this  purpose  is  that  devised  by  Mi  tscherlich  (J.  pr. 
Chcnu  IxvL  238;  Juhresb.  1855,  p.  779)u  The  suspected  substance  is  distilled  with 
water  and  sulphuric  acid  in  a fitt<*d  up  with  a delivery-tube  bent  twice  at  right 

angles  and  dipping  into  a receiver  containing  water,  which  must  be  kept  cool : fur  gases 
and  vapours  containing  free  phosphorus  do  not  exhibit  luminosity  when  their  temper- 
ature is  raised  above  a certain  point.  The  distillation  is  performed  in  the  dark.  As 
soon  as  the  vapours  arrive  in  the  cool  part  of  the  lobe,  a continual  phosphorescent  light 
is  observed  therein,  generally  in  the  form  of  a shining  ring ; at  the  same  time  globules 
of  phosphorus  are  deposited  in  the  n^ceiver.  In  this  manner  1 pf.  of  phosphorus  may 
be  det»-ctedin  100,000  pts.  of  substance.  The  luminosity  of  phosphorus  is  however 
prevente<i  by  the  presence  of  certain  volatile  substances,  among  others  by  ether,  alcohol, 
oil  of  turpentine  and  ammonia.  Ether  and  alcohol  being  very  volatile,  quickly  |>ass 
off  Ht  the  commencement  of  the  distillation,  so  that  their  disturbing  influence  is  stion 
eliminated ; oil  of  turpentine,  on  the  contrary,  would  prevent  the  phosphorescent  npj^ar- 
anco  during  the  whole  of  the  distillation ; but  this  substance  is  not  likely  to  b*'pn'’S«*nt  in 
iimtters  which  become  the  subject  of  medico-legal  investigations.  Ammonia  if  pn-sent 
will  be  retained  by  the  sulphuric  acid  in  the  flask. 

Scherer  (Ann.  Ch.  I’harm.  cxii.  214),  modifies  the  preceiling  process  by  filling  the 
apparatus  before  commencing  the  distillation,  with  carlwnic  acid  gsis,  which  is  easily 
etfecUnl  by  throwing  a few  lumps  of  chalk  into  the  flask  containing  the  acid  liquid. 
The  phosphorescence  in  the  tul>e  is  tlum  seen  just  as  before  (the  oxygen  being  of  course 
not  completely  expelled),  but  the  conversion  of  the  phosphorus  into  phosphorous  acid  is 
in  a great  meiisure  pr<*vented,  so  that  a larger  portion  of  it  is  collectcsl  in  the  free  state. 
The  water  in  the  condensing  vesNol  shines  strongly  when  agitated  in  the  dark,  and 
gives  a blackish  precipitate  with  nitrate  of  silver. 

Small  quantities  of  phosphorus  diffused  through  organic  matter  maybe  collecte*! 
and  approximately  estimateil  by  means  of  The  substance  under  examination 

is  mixed  in  a tubulatKl  retort  with  dilute  sulphuric  acid,  a frw  pieces  of  sulphur  are 
Hd<ied.  and  the  whole  is  distilled  for  alxiut  half  an  hour.  The  distillate  frequently 
contains  small  quantities  of  phe^phorous  ami  phf>sphoric  acids  formed  by  oxidation  of 
the  phosphorus  vajwurs.  It  may  1m*  tr.*ate»l  with  nitric  acid  in  order  to  convert  tho 
wlioleofthe  phosphorus  into  phosphoric  acid,  aud  the  quantity  then  determined  by 
precipitation  as  ummonio-magne.*.iau  phosphate. 

The  residue  in  the  retort  removed  afler  cooling  and  the  lumps  of  sulphur  are  picked 
out  and  washed.  They  c<)ntain  all  the  free  phosphorus  in  the  original  substance  which 
has  not  |>as8ed  over  into  the  distillate.  If  the  phosphorus  is  in  excess,  its  combination 
with  sulphur  is  liquid  even  after  ctimplete  cooling ; in  the  contrary  case,  the  compound 
when  cold  is  a soft,  plastic,  crystalline  mass.  If  the  sulphur  contains  only  2 per  cent, 
of  phosphorus,  it  may  still  fume  on  exposure  to  the  air  even  after  drying,  and  turns 
black  when  moistened  with  silver-solution;  the  latter  eflfect  is  produced  indeed  even 
when  the  proportion  of  phosphorus  in  the  sulphur  does  not  cxtt'cd  1 percent.  Tho 
phosphorised  sulphur  also  shines  in  tho  dark  when  heated  to  100*^.  lly  digesting  it 
with  nitric  acid,  the  phosphorus  c^mtained  in  it  is  easily  converted  into  phiwphorio 
acid,  which  may  then  be  precipitated  as  above.  (Lipowitz,  Eogg.  Ann.  xc.  600; 
Jahresb.  1853,  p.  641.) 

Dusart  (Compt.  rend,  xliii.  1126;  Jahresb.  1856,  p.  724)  employs  for  tho  detec- 
tion of  small  quantities  of  phosphoriLs.  the  pro«luctimi  of  phosphorettinl  hydrogen  which 
takes  place  when  the  substance  containing  the  phosphorus  is  exposed  to  the  action  of 
nasrent  hi/dro^>  n.  Tho  sul^stance  is  introduced  into  a generating  vessel  containing  zinc 
and  dilute  sulphuric  acid,  and  fitted  up  liko  March's  apparatus  for  tho  detection  of 
ars«'nic  (i.  362).  If  phosphorus  is  present,  the  evolvetl  giu»  will  contain  phosphoretted 
hydrog«’n  and  will  burn  with  an  emerald-green  flame.  The  green  colour  disapj>ears  how- 
ever a.s  soon  as  tho  end  of  the  tube  becomes  hot;  but  on  holding  a ph«ce  of  porcelain  in 
the  flame,  the  gre<-n  colour  again  becomes  visible  where  the  flume  is  in  contact  with 
the  cold  surface.  If  the  end  of  tho  tube  be  curved  aud  made  to  dip  under  mercury, 
with  only  the  very  extremity  projecting  above  tho  surface,  so  a.s  to  keep  it  constantly 
cool,  the  gas  will  give  acontinuousemerald-green  flame,  surrounded  by  an  outer  pale  blue 
envelope.  Elondlot  (Compt.  rend.  lii.  1197;  Jahresb.  1861,  p.  821)  recommends 
the  use  of  a fine  platinum  jet,  in  order  to  avoid  tho  yellow  colouring  of  the  fiamo  pro- 
duced hy  the  sodium  in  glass.  As  commercial  zinc  often  contains  phosphorus,  and  it  is 
therefore  necessarj'  to  use  pure  distilled  zinc  which  yields  but  a slow  stream  of  gas,  he 
eolb  ets  the  gas.  before  igniting  it,  in  an  apparatus  somewhat  like  a DbbertuneEs  pla- 
tinum-lamp. The  green  colouring  of  the  ^me  is  more  or  less  interfere<l  with  by  the 
presence  of  orgJinic  matters,  namely,  alcohol,  ether,  volatile  oils  and  soluble  animal 
0'il>^tances.  In  such  cases  tho  gas  may  be  passed  through  a dilute  solution  of 


Digitized  by  Google 


PllOSPIlOnUS : DETECTION  AND  ESTIMATION.  521 


8ilvfr-nitmt<»,  and  the  resulting  precipitate  treated  in  another  hydrogen  apparatus  as 
nl»ov»n  By  this  means  also  the  presence  of  phosphorus  may  be  detected  alter  gradual 
oxidation,  and  when  it  no  longer  exhibits  luminosity  in  Mitscherlich’e  apparatus. 

Fresenius  and  Neubauer  (Analyt,  Zeitschr.  p.  336)  object  to  the  preceding 
process,  that  the  large  quantity  of  zinc-salt  produced  in  the  liquid  interferes  with  the 
subsequent  examination  for  metallic  poisons;  they  therefoM  prefer  driving  out  the 
phosphorus  by  a stream  of  carbonic  anhydride.  For  this  purpose  the  flask  coniuining 
the  suspected  substance  and  the  dilute  sulphuric  acid  is  connected  with  an  apparatus 
for  generating  carbonic  anhydride,  an.l  is  also  provided  with  a delivery-tube  connected 
with  a U-tube  containing  a neutral  solution  of  nitrate  of  silver.  The  whole  apparatus  is 
first  filled  with  carbonic  anhydride,  the  flask  then  heated  to  00®  or  70®  for  several  bouts, 
the  stream  of  gas  being  kept  up  uU  the  time  ; and  the  precipitate  formed  in  the  silver- 
solution  is  collected,  carefully  washed,  and  treated  in  a hydrogen  apparatus  as  above. 

Scherer  (Ann.  Ch.  Pharra.  cxii.  224)  employs  for  the  detection  of  phosphorus  a 
process  depending  upon  its  volatility  audits  reaction  with  silver-solution.  A piece  of 
thin  filtering  paper  moistened  with  nitrate  of  silver,  and  suspeude<l  over  a slightly  warmed 
liquid  contaiuing  free  phosphorus,  soon  becomes  blackened,  the  silver  Indug  reduced  by 
the  phosphonis.  As  however,  the  blackening  might  proceed  from  sulphydric  acid  evolved 
from  the  liquid,  it  is  necessary  in  the  fir^t  instance  to  suspend,  in  the  llask  containing 
the  acidulat'd  liquid  under  examination,  a strip  of  paper  moistemsl  W'ith  solution  of 
nitroprnssiate  of  sodium  or  acetate  of  lead  ; if  no  blueing  of  the  paper  takes  place  in 
the  one  case  or  blackening  in  thcother  it  maybe  inferred  that  the  liquid  does  not  giveofl 
sulphydric  acid,  and  the  blackening  of  the  paper  moistened  with  silver-solution  may  then 
be  uttributiHl  to  the  presence  of  pliosphorus.  If  a considerable  quantity  of  silver-phos- 
phide is  formed,  it  may  be  oxidi^  by  chlorine- water,  and  the  resulting  solution  tested 
for  phosphoric  acid  with  a magnesium-salt  or  with  molybdate  of  ammonium.  It  is 
necessary,  however, to  make  acompamliveexperimeut  with  unequal  portion  of  the  cleau 
pap<  r,  as  phosphoric  acid  may  be  already  present  in  it.  Fresenius  and  Neubauer 
(A/c.c//.)  observe  also  that  the  blackening  of  the  papermay  arise  from  certain  acids  gene- 
mted  in  the  process  of  pulrefnclion,  and  would  therefore  in  some  cases  give  uncertain 
imlications. 

For  the  more  certain  detection  of  phosphorus  in  all  cases  in  which  it  is  not  already 
wholly  convcrtetl  into  phosphoric  acid,  Fresenius  and  Neubauer  recommend 
the  following  series  of  0|Hr;t!ions: — 1.  Ii  must  be  asec-rtained  whether  the  substance 
shines  in  the  dark  \shen  agitateti.  A small  portion  is  then  to  be  tested  by  Scherer’s 
method  with  strips  of  paper  moistened,  the  one  with  silver-  the  otberwitli  lead-solution  ; 
if  only  the  former  is  bLickened,  phosphorus  is  most  probably  present. — 2.  A portion  of 
the  suspected  substance  is  treated  by  l^lilscherlich’s  process  (p.  620).  If  no  phospho- 
rescence is  observed  in  the  tube,  and  no  fm*  phospnorus  collects  in  tlie  distillate,  the 
latter  is  to  be  tested  in  the  hydrogen  apparatus  (p.  620).— 3.  If  these  experiments 
give  only  negative  results,  the  substance  is  to  be  heati-a  in  a stream  of  carbonic  anhydride, 
thegaspass^  through  silver-solution  above  described,  ami  tberesulting  precipitate,  if  any, 
treated  in  the  hydrogen  apparatus,— 4.  The  quaniityuf  phosphorus  present  may  be  de- 
termined in  another  portion  of  the  substance  by  Hitscherlieh’s  process  as  modified  by 
Soberer  (p.  520).  The  flask  w hich  serves  as  a receiver  is  to  be  eounected  air-tight,  ou 
the  one  side  with  the  eondensing-tube  which  dips  into  the  water  in  the  receiver,  on  the 
other  side  with  a U-tube  containing  neutral  silver-solution  ; the  distillation  is  kepi  up 
for  2i  hours.  If  any  globules  of  phosphorus  collect  in  the  receiver,  they  may  be  col- 
lected and  weighed.  The  liquid  distillate  is  then  to  be  mixed  with  the  contents  of  the 
U-lube,  oxidised  with  chlorine-water,  and  the  resulting  phosphoric  acid  determined  in 
the  usual  way, — 6.  Phosphorised  substances  which  have  been  exposed  to  the  air  for 
some  time  may  still  contain  part  of  the  phosphorus  in  the  form  of  phosphorous  acid, 
In  this  case  the  residues, which  in  the  preceding  experiments  have  given  only  n^ative 
^•sult.^  arc  to  be  treated  as  alK>ve  described  in  the  hydrogen  apparatus,  the  evolution 
of  hydrogen  being  kept  up  for  several  hours,  while  the  apparatus  is  warmed  in  the 
waler-balh,  the  evolved  gas  pas^ed  through  a U-lube  containing  silver-solution,  and 
the  precipitate  examined  for  phosphorus  as  al>ove. 

Atomic  JVeiffht  of  VhoiphoruB, — The  atomic  weight  of  this  element  was 
correctly  determined  by  Berzelius  in  1816  (Schw,  J.  vii.  43V  By  decomposing  tri- 
chloride of  gold  with  phosphorus,  he  found  in  one  exj>erimcnt  that  0 829  grin, 
phosphoru.s  threw  down  8‘714  gnn.  gold,  and  in  another  0 764  grm.  phosphorus 
threw  down  7'93  grm.  gold  : hence  from  the  equation  6AuCl*  -»-  !*•  =*  3PCI*  -e  Au*, 
taking  the  atomic  weight  of  gold  at  196,  the  mean  of  the  two  experiments  gives : 
p _ 1 5S3  *t  196  V 6 _ 

16  Cll  * 3 “ 

A similar  experiment  with  nitrate  of  silver  gave  P » 3F34. 
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Poloure,  in  1847  (Compt.  rrnd.  xx.  1047),  l>y  d^H^>mJ•o«ing  an  acid  solution  of 
flilrcr-uitnittf  with  trichloride  of  phosphorus,  obuiinc<i  a higher  uuudnT,  viz.  32;  bat 
tlie  result  first  obtaiui^d  by  B^TZclius  lma»  been  fully  ooufimied  by  the  more  n*cent  and 
very  careful  exp(*riraents  of  Scbrbtter  in  1863  ^Auu.  Ch.  Pluirm.  Ixxx  202),  and  of 
It  u mas  in  1800  (i6hf.  oxiii.  28). 

Schrotter  burnt  weighed  quantities  of  amorphous  phosphorus  in  a* stream  of  dry 
oxygen,  tlie  ap|vtmtus  being  so  arranged  that  no  phosphoric  anhydride  could  be  lu^t. 
In  ten  exptiriiiienls  thus  nmde,  100  pis.  pljosphorua  yielded  fnni  229  30  to  22fc’7H  pts. 
phosphoric  anli^'dride,  1^0* — mean  228  92 ; whence  the  proportion  1”  : + 80  — 

100:  228‘92  gives  P « 3103. — Dumas,  by  decomposing  very  pure  trichl«*ride  of 
phosphonw  with  a t-taiulard  solution  of  silver-nitrate  (.2PC1*  + 3Ag*0  ■»  + 

OAgC’l),  obtained  in  fire  experiments  the  following  n.‘sulu: — 


I 7S7  grni. 

PCI*  requiivd 

4 208  silver  therefore  P 

= 31-01 

1 -4fi6 

3-454  „ 

31-00 

2056 

„ 

4*844 

31-00 

2 U '5 

6-89(»  „ 

31-04 

3 220 

•t 

7*682 

31  09 

P'rom  all  these  results,  the  number  31  is  now  universally  adopted  as  the  atomic 
Weight  of  phosphorus. 

PHOSPHORUS,  FXtUORXOR  OP.  PP.  A very  volatile  comprmnd  first 
ob  aineii  by  Davy,  and  further  exumine<l  by  Dumas.'  It  is  pn-pared  by  distilling 
tlnoridc  of  h-ail  or  mercury  with  phosphorus,  a phosphide  of  the  metal  tlien  remaining, 
while  duorido  of  phosplutrus  distils  over.  It  is  a colourless  infiammablo  liquid,  whi<m 
fumes  strongly  in  the  air,  and  is  iciid  to  yield  by  combustion,  phosphoric  anhydride  and 
fiuorine.  AVater  converts  it  into  phosphorous  and  hydrofluoric  acids. 

PHOSPHORUS,  HTSRATB  OPT  The  white  crust  which  forms  on  the  sur- 
face of  phosplu*ru»  imnHTsed  in  water,  is  said  by  Pelouze  to  be  a hydrate,  P*.H*0 ; but 
it  appears  rather  to  be  an  a!lotr«)pic  mo<lificatiun  of  phosphorus  (p.  603). 

PHOSPHORUS,  HTRRXBRS  OP,  (See  HYORoaEM,  Phosphiocs  of.  iii.  199.) 

PHOSPHORUS,  XOBZBES  OP.  Two  of  these  com|>ounds  are  known— namely, 
the  tri-iodide,  analogous  to  the  trichloride  and  tribromide  ; and  the  di-iodide,  of  which 
there  is  no  chlorine  or  bromine  reprejH’Utative.  The  di-and  tri-iodido  are  pn*pan*dby 
dissolving  phosphorus  and  iodine  together  in  sulphide  of  carlx>n,  and  cooliugthe  liquid 
artificially  till  crystals  are  de{K>«»itetl.  Whatever  proportions  of  iodine  and  phosphorus 
may  l>e  used,  these  two  cotn^xjuuds  always  crystallise  out,  mixed  with  excess  either  of 
iodine  or  of  pliosphorus. 

The  di^iodidfy  PI*,  melts  at  110®,  forming  a red  liquid,  which  condenses  to  a light 
r«*<i  solid.  It  is  soluble  in  sulphide  of  carlK)ii,  and  is  de))osite<l  theirfrom  in  flattened 
]>riMuatic  orange-colmiriKl  tTysfals.  It  is  dei*omposed  by  water  into  livilriodic  and 
pliospliorous  acids,  with  a deposit  of  yellow  flakes.  With  glyctrin  it  yields  tritylene- 
g.iH,  a distillate  of  water,  and  io<lo-tritylene  ( iodide  of  allyl).  and  a residue  of  oxygen- 
acids  of  phosphorus  U>gether  with  free  imline,  undisyini posed  glycerin,  and  a truce  of 
red  phosphorus.  The  principal  part  of  the  reaction  Hp)>ears  to  take  place  thus: 

+ PI*  -i  C*IPI  + PHH)“  + I. 

liiyvcrhi.  1 Hlut^  of  Ph» 

x]t)l.  r<’U» 

This  iodide  appears  also  to  be  formed  on  dissedving  a small  quantity  of  iodine  in 
melted  piiospiiorus  aud  heating  the  mixture  to  aliout  126^  and  to  be  Mibsequently  de- 
eoin|x)«ed,  yielding  amorphous  phosphorus  (p.  604).  When  phosphorus  is  melted  in 
a fiii.sk  filit^  with  earltonie  anhydride,  iodine  projected  through  an  upright  tube  reaching 
nearly  to  tlie  phosphorus,  and  a gentle  beat  applied,  violent  action  takes  place 
attendeil  with  dev«*lopment  of  intense  heat.  The  product  is  a very  haril  hcmi-metallic 
black  nia-Ms  of  amorphous  phosphorus,  yielding  a red  powd»*r.  The  first  stiige  of  the 
js  aetion  is  the  formation  of  an  iodide  of  phosjdiorus,  probably  the  di-iodide,  in  which 
tlie  pliospliorus  exists  in  the  amorphous  modification.  This  compound  is  then  decom- 
pised,  with  sejiar.ition  of  amor{diou8  phosphorus  and  formation  of  a more  volatile 
KHline-pruJuct.  which  reacts  ujxm  a second  |>orlion  of  phosphorus,  reproducing  the 
first  decomposible  iodide,  and  so  on  continually.  In  this  manner  a small  quantity  of 
iiHline  can  convert  an  almost  indefinitely  largo  quantity  of  phosphorus  into  the  amor- 
phous modification,  (llrudte,  Chem.  8oc.  J.  v.  289.) 

Tri^iodide  of  Phosphorus  or  Phosphorous  lodidf^  PI*,  melts  at  56®,  and 
crystallises  in  well-defined  prisms  on  Oix)ling.  It  is  very  soluble  in  sulphide  of  carbon, 
and  is  depositeil  therefrom  ill  dark-r»*d  hexagonal  plates.  It  absorbs  moisture  from 
the  atniusplicre,  forming  hydriodic  and  phospliorous  acids. 
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Pnita'ioiUdf.  P1‘?  Gay-Luswu»,  by  heating  1 pt.  of  phoi*pIiopus  wih  20  to  24  pts.  of 
ioiiine,  obtained  a black  subatance  wliich  melted  at  40^,  and  waa  said  to  be  decumjioard 
by  water  into  hydrochloric  and  phosphoric  acids.  This  decomposition,  and  the  pr«> 
p<jrtions  of  iodine  and  phi^phorus  used  in  the  preparation,  would  indicate  that  the 
comjxjund  is  a penta-iodide,  but  it  requires  re*examination.  {Btr^tUud  lAhrbuch.) 

PBOSPHORVBt  B2TBXDE  OF.  The  compound  obtained  by  sutuniting  tri- 
chloride of  phosphorus  witli  amnionia-gaa  and  heating  the  pn>duot  in  a current  of 
carbonic  anhydride  (H.  Kose.),  or  by  piisting  the  vapour  of  trichloride  or  pcntachloridc 
of  phosphorus  over  heated  sal-ammoniac  (Wiihler  and  Liebig),  wa.s  originally 
Mipi>osed  to  bo  a di-nitride  of  phosphorus,  PN*;  but,  according  to  Gerharvlt,  the 
}>roduct  obtained  by  either  of  these  processes  contains  hydrogeu,  and  consists  of  phos- 
pham,  PHN*(p.  497). 


FBOSPBOBtrs,  OXXBES  Am>  OXTGBB-ACXBS 

droua  oxides  of  phosphonis  arc  known,  namely — 

SulMJxide  of  Phosphorus  ....... 

Trioxidoof  Phosphorus,  Phosphorous  Oxide,  or  Anhydride 
Peutoxide  of  Phosphonw,  Phosphoric  Oxide,  or  Anhydride 


OP.  Three  anliy- 

. P'O 
. 1’0>  - 


The  second  an<l  third  of  these  oxides,  which  are  analogous  in  comjJosition  to  the 
chlorides  and  bromides,  unite  with  water,  forming  pho.sphorous  aci»h  1”0\.'11IH) 
or  PII*0*,  and  phosphoric  acid,  P®0\3H^0  or  PII’O'.  There  is  also  another  acid 
of  phosphorus,  viz.  hypophosphoroiis  acid,  PH*0*,  to  which  there  is  no  corn*- 
sponiling  anhydride.  The  protoxide  of  phosphine,  P11*0,  is  not  knowm  ; but  it  is 
represenle^l  by  flic  compound.^  i’Cl*0  and  P(C*H*)*0. 

The  three  acids  just  mentioned  all  contain  3 atoms  of  liydrogcn,  having  in  fact 
the  comj>08iliou  of  oxid<?s  of  phosphine,  I^H*;  nevertheless  tliey  have  not  tho 
same  basicity,  phosphoric  acid  alone  Ixung  proja  rly  tribasic,  that  is,  capable  of 
exchanging  all  its  three  hydnjgen-atoms  fop  an  injuivulent  quantity  of  metal,  whereas 
phosphorous  acid  is  dibasic,  and  hypophosphonm.H  acid  monobasic;  thus: 


Hyi>oplio8phorous  acid 
Phosphorous  acid 
Phosphoric  acid 


vm>*  « H prro* 
PH»<>»  - IP.I’HO* 
P1I»0*  » HVPO«. 


There  are  also  cerUiin  acids  resulting  from  the  dehydration  of  phosphoric  acid — viz., 
py rophosphoric  acid,  « 2IPPO*  — ^1-0,  metaphosphoric  acid, 

HPO*  » H*PO*  — 211*0,  and  Bcveml  polymeric  ino<liHcations  of  tho  latter,  which  will 
b«i  noticH*<l  hereafter. 


The  relations  of  hypophosphorous,  pliosphorou«,  and  phosphoric  acids  to  one  another 
and  to  phosphoretted  hydrogen  or  phosphine  are  remarkable.  llyj)Opho«phorouK  acid, 
IPPO*,  has  not  been  obtained  directly  fnin  pliosphine  ; but,  on  the  other  hand,  it 
yields  phosphine  by  deoxidation,  as  for  cxainplo  wfu*n  zinc  is  dissolvctl  in  the  aqueous 
acid,  eitlier  alone  or  mixed  with  sulphuric  acid.  The  solution  of  hypophoephorons  acid 
when  exjKjsed  to  the  air  is  gradually  converted  into  phosphorou.s  acid,  and  liimllyinto 
phosphoric  aciil.  When  heated  by  itself,  hvftopbosphorous  acid  is  resolved  into 
phosphoric  acid  and  phosphine:  2H*PO*  II’l'O*  + II’P. 

Phosphorous  acid  results  from  the  slow  oxidation  of  phosphine.  Conversely,  when 
plionphorous  acid  is  acted  upon  by  zinc,  or  zinc  and  sulphuric  acid,  it  is  deoxidised  to 
phosphine.  Phosphorous  acid,  when  exposed  to  the  air,  takes  up  oxygen,  and  is  con- 
verted into  phosphoric  acid.  When  heated  by  itself,  it  breaks  up  into  fihosphoric  acid 
and  pliosphinc:  4H’P()’  = 3IT'‘P0*  + H’P. 

Phosphoric  acid,  ll*P0‘,  results  from  the  combustion  <»f  phosphine  in  air  or  oxygen  ; 
also  from  the  decomposition  by  heat  and  dirt'ct  oxidation  of  hyjHiphosphon^us  and 
pliosphorous  acids.  It  is  much  more  stable  than  either  of  the  other  two  acid*,  but. 
like  them,  may  lie  made  to  yield  phosphine  hy  deoxidation,  namely  when  treated  with 
(Hitassium  or  Nxlium. 

Buboxide  pf  Phospboros.  P*0,  When  phosphorus  is  burnt  in  air  or  oxygen, 
a solid  orange-coloured  matter  is  left  behind,  which  slowly  deliquesi'es.  fonning  phos- 
phorous Hcii  A similar  substance  is  formed  in  larger  quantity  by  nassing  a ouir*'nt 
of  oxygen-gas  through  phosphorus  melted  un»ler  hot  water.  This  l)o<Iy,  when  dricni  by 
prt-ssure  between  filtcr-pa^vor  and  fre^l  from  phosphonis  by  treatment  with  sulphide  of 
Carlson,  leaves  a dark-red  residue  W'hich  has  been  described  a.s  a definite  oxide  of 
phosphorus,  but  is  now  generally  rf'gai'ded  as  amorphous  phosphorus  contaminat(*d 
with  a little  phosphoric  acid.  Le  verrier  (Ann.  Ch.  Pharm.  xxvii.  167)  noticed  that 
whrn  small  picc» » of  phosphonis  <»overed  by  a layer  of  trichloride  of  phosphorus  were 
cx|M)»cd  to  till*  air,  a p<*culinr  yellow  substance,  soluble  in  water,  was  produced.  At 
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an  tompenitur<^  the  solution  deoumposed  into  phosphoric  acid,  and  a flocrn- 

h-nt  suhatance,  which,  when  dried  in  a vacuum  over  oil  of  vitriol,  left  a canary-yellow 
powder,  the  oom|>o8ition  of  which  was  rt*preeeiited  by  the  formula  P'O.  It  could  bo 
prejierved  for  any  lenjith  of  time  in  dry  air.  When  heateil  it  acquired  a bright-red 
ctjlour,  but  was  unaffected  in  composition  by  u temperature  of  300^;  when  moi-e 
strongly  heated  it  took  fire.  (See  GuuUn'i  Handbook^  ii.  110.) 

Bypoptaoapboroaa  Acid  and.  Balts. 

Htpopuosphorous  Acii>,  n*P0*,  is  obtained  by  decompoeing  tbo  barium-sedt 
with  an  equivalent  quantity  of  sulphuric  acid,  or  the  load-aalt  with  sulpbydric  acid, 
and  evaporating  the  filtrate  : 

= 2H»PO^  + Ra’SO* 

Pb"P-H'0*  + H-S  - 2H'PO*  + Bu*'S 

It  is  a viscid  uncrysfjillisable  liquid,  having  a strong  acid  reaction.  When  heated,  it 
is  retolv<‘d  into  phosphoric  aeid  and  phrwphine : 2H*i*0*  «»  II*PO*  + II*P.  Its 
aqueous  solution  is  a colourless  mobile  liquid,  which  wlicn  expose*!  to  the  air,  is 
oxiiii.ned  t4»  phosphorous  and  phosphoric  acids.  It  reduces  the  salts  of  st/evr  aud  puld^ 
with  precipitation  of  the  respective  nietala.  It  also  reiluct's  solution  of  mercuric  chloride 
with  precipitation  of  calomel  or  of  metallic  mercury,  according  to  the  proportion  of  acid 
usisl  and  the  temperature  at  which  the  reaction  takes  place.  Ily  sine  and  sulphuric 
acid  it  iadeoxitlised  to  phosphine,  PH*,  which  is  given  off  as  gsis.  Heated  with  solu- 
tion of  cupric  gulpkait  to  o-)° — 60®,  it  forms  a pn'cipitate  of  cuprous  hydride,  CuH 
(Wurtz:  s»*«  Copper,  ii.  66).  This  reaction  distiLguishes  hypophosphoroua  from 
phosphorous  acid,  which  it  oihorwise  much  resembles. 

Hypophoaphitea. — -MPH’O*  or  M^P^H'O*,  according  to  the  atomicity  of  the 
metal.  These  salts  are  preparitl:  1.  Hy  neutrali.sing  the  acid  with  bases. — 2.  By 
boiling  pbuspburus  in  alkaline  solutions  ; thus  with  lime  or  baryta-water : 

SCa-U^O*  -r  V + 6H»0  « SCa'TPP’O*  + 2PH*. 

The  hypophosphite  of  calcium  or  barium  may  be  crystallised  out  by  cautious  evapora- 
tion. When  pho*«phoru8  is  l>oiled  with  an  aquf'ou.s  solution  of  jHJtassic  hydrate  a 
similar  reaction  takes  place,  but  much  phonphate  of  potassium  is  likewise  formed;  such 
is  not  the  chjm*,  however,  when  an  alcoholic  solution  of  potjwh  is  employed.  Hypo- 
phosphites  arc  also  formed,  together  with  phosphine,  by  the  action  of  water  on  the 
iinpuw  phosphides  of  barium,  calcium,  and  strontium,  obtained  by  heating  phosphorus 
with  tlie  anliydrous  »^arths  ti.  607,  719).  The  reaction  appears  to  be  much  the  same 
a.s  when  a mixture  oflime,  «c.  and  phosphorus  is  acted  U|»on  by  water. — 3.  By  double 
decomposition;  the  magnesium-s:dt,  for  example,  is  prepiirod  by  boiling  hypophosphite 
of  calcium  with  oxalate  of  magnesium. 

The  hypophosphiles  are  crystallisable  salts  soluble  in  water,  and  many  of  them 
also  in  alcohol.  Some  contain  water  of  crjstallisation.  When  dry  they  are  permanent 
in  the  air : but  their  solutions  are  gmdunlly  oxidised  on  exposure,  especially  at  the 
Itoiling  heat.  Wiieii  boiled  in  alkaline  liquids,  they  are  decomposed  into  phosphate 
and  hydrogen  : e.  g, — 

KPIHO*  + 2KHO  - K»rO*  + IT*. 

The  dry  salts  decompose  when  heated,  giving  off  phosphoretted  hydrogen  (hence  they 
are  very  inflammable),  and  leaving  a residue  of  pyrophosphate;  r.  y. — 

2Ba“F-H*0*  « 2PH*  + H*0  + 

Tlie  hypophosphites,  like  the  aqueous  acid,  act  as  powerful  reducing  agents,  espe- 
cially with  ai*i  of  heat  With  nitrate  of  silver  they  form  a white  precipitate,  which 
quickly  tunis  brown  and  is  converted  into  metallic  silver. 

Quantitative  Annlgsis  of  HypophosphiUs. — The  quantity  of  phosphorus  in  a hypo- 
pho.sphite  may  Ik*  determine*!  by  converting  it  into  a phof*plmte  by  oxidation  with 
nitric  acid ; the  oxidation  is  not,  however,  complete  til!  the  solution  has  been  evaporated 
down  nearly  to  a syrup,  and  lias  attained  a high  tenifwrature.  The  calcined  residue 
consists  of  a metaphosphnte,  31PO’  or  from  the  weight  of  which,  if  only  one 

base  is  present,  the  amount  of  phosphorus  (or  the  equivalent  quantity  of  hypophos- 
j)lior<»us  acid.  H*PO*,  if  requirtMl)  may  at  once  l>e  calculated.  If  more  than  one  base  is 
pr«*sent,  the  residual  salt  must  be  analysed,  by  the  methods  hereafter  to  be  described  for 
pluMtphates,  and  the  quantity  of  phosphorus  therein  determined. 

If  a hypophosphite  contains  water  of  crvstallis.ation.  its  amount  must  be  determined 
by  comparing  the  original  weight  of  tlie  liy|)ophosphite  with  that  wliich  corresponds 
with  the  weight  of  molaphosphate  actually  obtainiHl ; or  the  metaphosphate  maybe 
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analysed,  be  qnantities  of  acid  and  base  in  the  hypopbosphite  thence  detenninod,  and 
the  water  cstininted  by  difference. 

As  all  hypfjphosphites  are  soluble  in  water,  the  bases  may  be  precipitated  from  their 
Rulutions  by  the  oidinary  reagents,  sulphydric  acifl,  sulphide  of  ammonium,  alkalis  See. ; 
the  hypophogphoroua  acid  may  then  be  converted  into  phcwphoric  acid  by  oxidation 
with  nitric  a<’id,  or  better,  w'ith  hydrochloric  acid  and  chlorate  of  potassium ; and  the 
phosphoric  a«'id  precipitated  a.s  ammonio-magnesian  phosphate. 

The  quantity  of  phosphorus  in  an  aqueous  solution  of  hypophosphorous  acid  con- 
taining DO  fixe^  baw,  and  no  other  acid  except  nitric  acid,  is  easily  determinwl  by 
adding  to  the  solution  a known  weight  of  recently  calcined  oxide  of  lead,  then  adding 
nitric  acid,  evaporating  to  dryness,  and  calcining.  The  rt‘sidue  consists  of  a mix- 
ture of  oxide  and  phosphate  of  lead,  and  on  deducting  the  original  weight  of  lead-oxide 
added,  the  difference  gives  the  weight  of  phosphoric  anhydride  in  the  residue — whence 
the  phosphorus  may  bo  calculated. 

Lastly,  bypophosphorous  acid  may  lie  estimated  by  its  reducing  action  on  mercuric 
chloride,  1 at.  of  the  acid  precipitating  4 at.  mercurous  chloride,  according  to  the 
equation : 

n*PO*  -I-  4HgTl*  -t-  2WO  - 4HgTl  + H*PO*  + 4nCl 

The  aqueous  solution  of  the  acid  or  of  a bypophosphite  is  mixed  with  mereuric 
chloride  in  excess,  and  a small  quantity  of  hydrochloric  acid,  and  gently  heafe<l,  <-Hre 
being  taken  not  to  let  the  temperntun*  rise  alwre  60^,  as  in  that  case  a portion  of  the 
mercury  may  Ik*  reduced  to  the  metallic  state.  The  precipitated  calomel  is  waslusl  on 
u filter,  drie*d  at  100^,  and  weighed.  As  the  atomic  weight  of  calomel  is  very  consider- 
able, and  as  4 at.  of  it  corrc8|H)nd  to  only  1 at.  of  hyj>ophosphomus  acid  or  of  phos- 
phuruir  (4  * 235’5  or  912  pts.  HgCl,  to  (i6  pts.  H’PO^or  31  pts.  P.),  thodetenuination 
may  b»‘  made  with  great  exactness. 

In  the  solution  filterefl  fnmi  the  precipitate  of  ealomel,  the  l>ase8  may  be  determined 
by  the  onlinnry  ra»  tl»o<ls,  and  the  pho'^plmric  acid  pn>duoed  by  the  oxidation  niny 
al-w  be  precipitated  and  «‘stimatcd,  as  a verification  of  the  preceding  result. 

The  precipitation  of  gold  from  the  trichloride  by  bypophosphorous  acid  cannot  be 
employed  for  the  estimation  of  the  acid,  as  the  reiluclion  is  never  c-omplete. 

Hypophosphite  of  Aluminium. — A solution  of  alumina  in  the  cold  aqueous 
aeid,  cvaj»orated  under  the  air-pump,  leaves  a thick  gum,  which  gradually  dries  up  to  a 
shiniug,  gummy,  brittle  mass,  not  altered  by  exposure  to  the  air. 

Hypophospkite  of  /Ammonium,  (MI')PIPO*,  obtained  by  precipitating  the 
barium-suit  with  sulphate  of  ammonium,  evaporating  the  filtrate  to  dryme^s.  and 
exhausting  w'ith  alcohol,  crystallises  in  large  six-sided  deliquescent  plates,  melting  at 
200^  and  decomposing  at  240^. 

Hppophotphite  of  Jlarium.  Ba’P-TI ‘OMI'O. — Prepared:  1.  By  warming  (not 
boiling)  phosphorus  with  cxces.s  of  baryta-water  (p.  .024),  precipitating  the  excess  of 
Imryta  with  curfonic  arid,  and  evaporating  the  filtrate  to  the  ciy:!ull;sing-j oinf.  — 
2.  Instead  of  baryta-wat<*r,  the  ortliimry  yellow  solution  of  bariuin-suljfiiiilo  may  l»e 
used.  This  when  heated  with  phoanhorus.  gives  off  phosphoretted,  sulphurettetl,  and 
pure  hy«ln^n  gases,  and  forms  a solution  of  hypopho-phite  and  sulphydralo  of  barium. 
The  latter  may  Ik*  decompo^e^i  by  carlxuiate  of  lead,  ainl  the  filtered  solution,  con- 
taining only  liyfKJphosphite  of  loirium,  cnstallised  by  evaporation  as  before. — 3.  Xho 
salt  may  ai^  be  prepared  by  dis.solving  pfiosphide  of  Ixarium  (i.  607)  in  wab  r. 

Hypophosphite  of  barium  ciy8talliM.«  on  cooling  from  a hot  salurate<l  solution,  or 
when  its  aqueous  solution  is  mixed  with  alcohol  till  it  begins  to  show  turbiility.  usually 
in  nacreous  flexible  necHlles  containing  1 at.  wafer  of  crystalHsatiun.  which  they  give 
off  at  100^.  They  are  permanent  in  the  air,  soluble  in  3 pts.  boiling  and  3 6 pts.  cold 
water,  insoluble  in  alcohol. 

The  anhydrous  salt.  Ba^P^II^O*,  remains  behind  when  the  hydrated  salt  Is  heated  to 
100®,  and  separates  directly  from  a solution  evTipomted  in  vacuo  over  oil  of  vitriol ; Hl^o 
wh«‘n  the  solution  mixed  with  excess  of  hypopliosphorous  acid  is  evaporated  by  heat. 
It  crystallises  in  shining  square  plates  unalterable  at  lOO®,  hut  decompostKl  at  a strong 
heat  The  aqueous  solution  of  the  salt  healed  with  caustic  potash  quickly  gives  off 
hydrogen  and  deposits  phosphite  of  bsirium. 

Ilypophotphite  of  Cadmium  separates  from  the  solution  of  cadmic  rarl>onate 
in  the  cold  aqueous  acid,  by  evaporation  under  the  air-pump,  in  small  indistinct 
crystals. 

Ilypophoiphite  of  Calcium.  Ca'P*II*0*. — Prepared  by  boiling  phosphorus 
with  execHS  of  lime-water,  removing  the  wafer  as  it  evHj»orat(*«,  and  purifiwl  like  the 
barium-SHlt ; also  by  dissolving  phosphide  of  calcium  in  water  (p.  .V24).  It  forms 
colourless  transparent  crystals,  winch,  according  to  H.  Bose,  arc  rectangular  pristna 
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with  two  broad,  smooth,  nacrwua  faops.  whil«»the  othpr  faces  are  glassy  and  loss  smooth. 
According  to  Wurtz,  the  salt  crystallwt*s  in  oblKjue  six*sidtHl  prisms.  It  has  a bitter 
taste,  is  p<Tmanent  in  the  air,  diswlvoa  in  G pta.  of  cold  nml  in  a not  much  smaller 
quantity  of  hot  water,  is  insoluble  in  Mroug  and  but  slightly  soluble  in  weak  alcohol. 
The  crystals  do  not  giro  off  anything  at  ioO®,  but  dt^oiuposo  at  a higher  tempera- 
ture. 

Hppophosphite  of  Chromium,  2Cp'"JI’P'OV7IPO,  op  (CrK)’)''H».P*H‘0*.5IP0. 
is  obtained  by  decomposing  tlio  barium-salt  with  chromic  sulphate  and  eva|>orating 
the  tiltmte,  as  a dark-green,  amorphous,  fissured  mass,  which  gives  off  water  at  2G0'', 
and  is  then  iuHoInble  in  water  ami  in  dilute  acids. 

Hpjiophosphite.  of  Cohalt,  Co'T^H*0‘.GlI*0,  is  prepared  by  dissolving  recentlv 
precipitated  cobaltoiis  hydrate  in  the  aqueous  a«nd,  or  by  decomposing  the  l»ariura-8idt 
with  cob.iJtou*  sulphate,  and  crystaUises  by  eva|>oration  in  rcsl  cfiluresccnt  ootaht^pon**. 
which  give  off  their  6 at.  water  of  crystallisation  at  100®,  and  art^  easily  soluble  in 
water. 

When  a solution  of  hypophosphite  of  calcium  is  heatinl  with  oxalate  of  cobalt,  no 
complete  d<*coroposition  takea  place  even  after  a consldcnilde  time,  and  the  cohalt-hyjw- 
pliosphite  obtained  on  cvHjxirating  the  filtrate  is  isaid  to  contain  utdy  3 at.  water,  and 
to  be  less  elflorescent  tlian  the  preceding  salt. 

Hypophoaphite  of  Copper,  Cu"P*H*0*. — Prepannl  like  the  cobalt-salt.  The 
blue  solution  when  very  dilute  undergoes  scarcely  any  decomposition,  even  when 
heated  ; when  somewhat  stronger,  it  decomixises  quiclily  even  at  60®,  depositing  cuprous 
hydride,  CuH  (Wurtz),  When  evaj>orated  in  a vacmmi,  it  sometimes  yields  the  salt  in 
blue  crystals.  (Wuptz.) 

Hyj)ophoaphite  of  G/ucin  The  solution  evaporated  in  a vacuum  ov- r oil 

of  vitnol  leaves  a thick  gum,  which  dries  up  to  a mass  having  a vitreous  fracture. 

Hypophoaphitea  of  Iron. — The  frrrou*  aalt,  Fe'P'H‘0*. 611*0,  is  fornnd,  with 
evolution  of  hydrogen,  when  metallic  iron  is  dissolveil  in  the  aqueous  acid.  The 
Solution  evaporated  in  a vacuum  over  oil  of  vitriol  deposits  the  salt  in  large  gre*-n 
octahedrons,  which  give  off  their  6 at.  wat<  r at  100®.  When  moist  it  oxidises  very 
quickly  on  exposure  to  the  air. 

The  ferric  aa/t  is  fonm*d  by  dissolving  ferric  hydrate  in  the  cold  aqufH>u8  acid,  and 
w-purntes  in  the  form  of  a white  salt,  sparingly  soluble  in  tlie  free  acid.  Ferric  liy- 
drate  heated  with  hypophosphorous  achl  yields  tVn*ic  phosphate  and  fi  rrous  hypophos- 
phite. 

Hypophoaphite  of  Lead,  Pb"l^H'0\  is  most  easily  prepared  by  digesting  th^ 
aqueous  acid  with  carl)onaTe  of  lead  ; if  oxide  of  lead  is  used,  the  acid  takes  up  an  ex- 
cess of  it,  forming  an  alkaline  solution  which  dewmposes  when  evaporated,  depositing 
phosphate  of  lead  and  metallic  lead.  This  decomposition  may,  however,  be  prevented 
by  adding  a slight  excess  of  acid;  and  the  sulution,  if  then  evaporated,  deposits  the  salt 
in  small  rhombic  prisms  often  unitiMl  into  plates.  It  is  veiy’  slightly  soluble  in  cold, 
more  easily  in  hot  water,  forming  a slightly  acid  solution  from  which  it  is  precipitatecl 
by  alcohol  in  nacreous  scales.  It  is  j)crmanent  at  100®,  but  decom^wsea  at  a stronger 
beat. 

The  solution  of  this  salt  easily  takes  up  an  additional  quantity  of  lead-oxide,  acquir- 
ing an  alkaline  r«*action  ; it  then  deconija^sea  on  standing  and  more  quickly  if  heated, 
dc{>ositing  phosphite  of  lead  as  a sandy  jx>wder.  The  same  decomposition  is  induced 
by  addition  of  basic  acetate  of  lead. 

The  aqueous  solution  of  the  ncutnd  salt  mixed  with  a little  ammonia  dciv>sit8  a sm.ill 
quantity  of  lead-hydrate  ; an<l  the  filtrate,  which  p<*rhaps  contains  a double  suit,  yields 
on  l»oiling  a fliKTulent  precipitate  of  a said  to  contain  Pb'’P*U^0*.5Pb''O.6ll*O 

or  Pb'I^H'0*.5Pb'Tl*0=.H-0.  (U.  Hose.) 

Hypophoaphite  of  Mayneatum,  Mg''P^H^0*. 611*0. — Prepnred  by  double  de- 
composition; crystallises  in  largo,  regular,  hard,  effloreseriit  octahedrons,  ca.sily  Kduble 
in  water.  It  giv«-soff  5 at.  wah  r at  100'',  and  the  sixth  at  ISO®. 

Hypophoaphite  of  Manganeae,  M!i"P*II'0MT*0,  prt'partd  in  like  manner, 
crystallises  with  difficulty  in  rose-red  tanvlenoludrons,  perinam'nt  in  the  air,  giving  '>ft' 
thidr  water  at  100®. 

Hypophoaphite  of  Isickfl.  Ni"P  If‘0*.GlT*0. — Prepared  like  the  cobnlt-salt; 
m'stalliws  in  green  cubes  or  octahidrons,  which  give  off  their  6 at.  water  at  100®. 
^^^hen  the  moist  crystals  ar«*  heated  to  1*20  ’,  or  the  solution  to  100®,  partial  decompo- 
sition takes  place,  with  evolution  of  hydrogen  and  precipitation  of  metallic  nickel. 

Hypophoaphite  of  Fotoaaium,  KPH-0*. — Prepnred:  1.  By  l>oiIing  aqneons 
or  alcoholic  potash  with  phosphorus  as  long  os  phasphoretted  hydrogen  continues  to 
escape,  then  decanting  the  srdution  from  the  undissolved  phijspliorus,  and  mixing  it 


Digitized  by  Coogle 


PHOSPHOROUS  acid. 


527 


with  acid  carbonate  of  potassium,  in  orxl«*r  to  convert  the  n’maining  caustic  potash  into 
carbonate.  The  solution  is  thi-n  cvuporat<‘d  and  the  residue  treated  with  liot  strong 
aleohcl,  which  dissolves  the  hypho«tphit®  and  leavrs  the  carl>onat«*,  the  former  crystal- 
lising out  as  the  solution  co<d.s — 2.  Uy  dt-composing  the  barium-salt  with  sulphate  of 
potassium,  or  the  culcium-salt  with  carbonate  of  potassium;  purlhcd  as  above  by  treat- 
ment with  hot  alcohol. 

Ilypjphosphito  of  potassium  usually  forms  an  opaque  indistinctly  orj-stalline  mass, 
sometimes  however  exhibiting  six-sided  plates.  It  is  very  deliqaescvnf,  more  so  than 
chloride  of  calcium,  ea>^ily  soluble  in  water  and  in  weak  spirit,  h'S-t  soluble  in  ab-^lute 
alcohol,  insoluble  in  ether.  It  does  not  lose  weight  or  undergo  any  alteration  at  100^. 

Hypopho$pkite  of  Silver. — Nitrate  of  silver  added  to  the  solution  of  hypophos- 
phite  forms  a white  precipitate,  which  however  quickly  blackens  from  reduction  of  the 
metal. 

Hypophoaphitf  of  Sodium^  prepared  like  the  potvissimn-SHlt,  crystallises  in 
nacreous  rectangular  tables,  somewhat  less  deliquescent  than  the  potassium-salt,  easily 
soluble  in  water  and  in  alcohol. 

Hypophosphite  of  Sir  on  tium.  f5r’’P*H*0*. — Prapared  like  the  barium-salt  with 
hydrate  or  sulphide  of  strontium.  The  solution  when  evajvmited  yields  the  salt  in  warty 
crystals,  which  are  easily  soluble  in  water,  insoluble  in  alcohol,  permanent  in  the  air, 
and  do  not  lose  weight  at  100®, 

Hffpophofphitf  of  Zinc,  Zn'T‘H*0*.H*0,  or  with  6H*0. — Obtained  by  dissolving 
zinc  or  zinc-oxide  in  the  aqne<jus  acid,  or  bv  diTomjK>sliig  the  barium-sail  with  zinc- 
siilpltate.  By  evaporating  lire  solution  it  is  obtaine<l,  >onietimes  in  regular  octahedrons 
containing  6 at  water,  very  efflorest'cnt,  and  losing  water  even  when  premised  b«  tween 
p.aper,  sometimes  in  rhomboh»“dra!  erystals  containing  1 at.  water,  whicn  arc  permanent 
in  the  air.  The  octahedral  wilt  ia  mostly  forine«l  l»y  spontaneous  evaporation  of  a not 
too  cimcentralod  solution ; it  gives  off  its  *6  at.  water  at  100®.  The  salt  is  easily  soluble 
in  water. 

Pbospborous  OxidCi  Aold*  aad  Salts. 

Trioxide  of  Phosphorus,  Phosphorous  Oxide  or  Axhtdridk. 

—The  only  reaction  which  yields  this  compound  is  the  slow  combustion  of  phosphorus 
in  dry  air  or  oxvgen.  When  phosphorus  is  exposisl  at  onlinary  tempt'ratures  to  dry 
air  or  rar»-fietl  oxvgen,  it  glows  and  becomes  coated  with  trioxide;  but  the  rvaetiou  is 
very  imperfect,  ^'ho  onlinary  combustion  of  plnsphonw  in  air  prixiuces  both  phos- 
phorus and  phosphoric  oxides,  together  with  .some  suboxide,  or  perha[»s  amoq>hoii« 
pltospiiorus  (p.  523).  The  best  mode  of  pri'panng  tlie  trioxide  is  to  burn  phospliurua 
in  a very  slow  current  of  perfectly  dry  air;  the  trioxide  then  condenses  beyond  the 
phosphorus  as  a Inilky  amorphou.s  sublimate. 

Phosphorous  oxide  fonns  large  white  flak»*s  readily  volatile,  and  emitting  an  alliaceous 
o<lonr.  AVlien  quite  dry  it  does  not  redden  liliniis-piiper.  It  nb^^'^rbs  ntmo-ph*  rie 
moisture  with  avidity,  and  wlien  sprinkUsl  with  water  dissolws  rapidly  with  a liiasing 
noise,  producing  phosphorous  acid,  P’O*  + 3TP0  «=*  2H  I'O*. 

Phosphorous  Acid,  H’PO’ V . tP. — Tiiis  acid  is  produced:  1.  By  the  action 

IP) 

of  water  on  the  anhydride. — 2.  By  the  slow  oxidisation  of  phosphine,  this  gas  when  left 
over  well-aeratesl  water  l>eing  gradually  absorlxsl,  with  formation  of  phosphorous  acid; 
again  2 volumes  of  phosphine  unite  quietly*  with  3 volumes  of  oxygen,  when  the  explosion 
of  the  gases  is  prevented  by  cooling. — 3.  By  exposing  sticks  of  phosphorus  to  moist  air, 
phosphoric  acid  being  produced  at  the  same  time.  (See  Phosphatic  Acid,  p.  499.) 

4.  By  the  action  of  pnoaphorus  on  sulphate  of  copper.  When  phosphorus  is  introdueeil 
into  a solution  of  this  wilt  (kept  witunueil  by  the  immersion  of  crjstals),  and  left  lo 
act  at  the  ordinarj'  temperatun*  and  with  the  least  possible  access  of  air,  copper  is  first 
reduced  and  then  convertcil  into  black  phosphide  of  cop[»er,  and  a very  acid  solution  ia 
ultimately  obtained,  containing  nothing  but  phosphorous  and  sulphuric  acida,  the  Intt.  r 
of  which  may  be  removed  by  cautioms  addition  of  lime  op  baryta.  (Schi  ff,  .\nn.  Cli. 
Phartn.  cxiv.  200.) 

6.  By  the  action  of  water  on  trichloride  of  phoaphoru.s:  3ll'0  + PCI*  «»  H’PO* 
+ 31IC1.  A '•urrent  of  washed  chlorine  is  slowly  p;issed  through  a lnyi*r  of  melted 
phosphorus  three  or  four  inches  deep,  covered  by  six  or  eight  inches  of  water,  ao  that 
each  bubble  of  ga.s  may  lie  completely  aWorl^ed  by  the  phosphorus.  The  trichlonMe 
thereby  proiluceil  is  imineiliately  det'ornpoed  by  eontnet  with  the  water.  The  hydr*»- 
chloric  acid  pnahiceil  in  the  reaction  is  ex)*elliHl  by  evaporation.  Uraat  care  must  Ixi 
taken  to  avoid  cxc<*8s  of  chlorine,  aa  that  would  give  rise  to  the  fonuation  of  phosphoric 
ttci>i. 
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6.  By  the  action  of  trichloride  of  phosphorus  on  oxalic  acid  : 1 at.  of  the  trichloride 
is  pour^  upon  3 at-  crj’stallijH-d  oxalic  acid,  contained  in  a n topt  having;  iu  mvk 
direcUnl  upwards  or  provid»<l  with  a condcnsing*tuhe,  so  that  tho  trichloride  which 
volatilises  may  flow  back  again.  Violent  action  immiHliatcly  takes  place,  atvomimnicd 
by  evolution  of  carbonic  anhydride,  carbonic  oxide,  and  hydrochloric  acid ; as  soon  jw 
it  is  over,  the  retort  is  to  be  gently  warmed  while  a stream  of  dry  carl>onic  anhydride 
is  passed  through  it.  The  maas,  witich  froths  at  first,  gradually  settles  down  into  a 
clear  liquid,  which  solidifies  to  a mdiate  ma.ss  of  phosphonms  acid  having  a slight  grt*y 
colour.  (Hurtzigand  Geuther,  Ann.  CIl  Pharm.  cxi.  159.) 

Proprrti'g  and  Rfactiong. — Phosphorous  acid  usually  exists  in  the  form  of  a thi»  k 
unciystallisable  syrup,  but  may  Ixj  obtained  in  the  crystalline  state  cither  by  the  piv>- 
cess  last  describe,  or  by  co«)ling  a somt'what  cone»*ntrated  aqueous  solution.  'I  he 
crystals,  which  contain  H*PO*,  mi  lt  at  7 t®.  The  acid  in  both  sUite.s  is  deliquesofiii. 
When  heate>i  it  is  r«‘SolviHl  into  phosj>horie  acitl  and  phosphine  : 4H*P(>*  — 

3H*PO*  + PH*;  hence  when  heated  io  the  air,  it  undergoes  vivid  combustion. 
According  to  Hurtzig  and  Geuther,  the  ciy  slalline  acid,  when  slowly  beaitofi,  gives  olT 
DOD-spontaneously  inflammable  phosphine,  nrotluciug  white  fumes. 

The  aqueou.s  solution  of  phosphon>us  acid  is  a strtmgly  aeid  liquid  which  oxidLses  to 
phosphoric  acid  on  exposure  to  the  air.  It  is  a |<iwerful  reducing  agent,  decomposing 
til©  salts  of  Sliver,  7nereurt/,  and  gold  in  the  same  manner  as  hyj)Opbosphorou8  aci<l ; 
the  reduction  is  much  facilitated  by  saturating  the  acid  with  ammonia.  When  Ueatcil 
with  sulphurous  acid^  it  yiehls  phosphoric  and  sulphydric  uci<U  : 

3U>PO*  + H»SO*  = 3IPPO*  + H=S. 

If  the  sulphurous  acid  is  in  excess,  the  sulphydric  acid  is  decompogod  and  sulphur 
eepamted-  If  the  phosphorous  acid  contains  any  ars'^nic,  that  metal  is  entirely  prei-i- 
pitafed  as  sulphide.  Arsenic  acid  is  rcfluced  by  phosphorous  acid  to  arseniotis  acitl, 
which,  if  the  materials  are  dry,  is  reduccii,  by  fusion  with  excess  of  pho>phorous  acid, 
to  u dark-brown  powder  of  metallic  arsenic.  Aqueous  phosphorous  acid  dissolve's  einc 
and  iron  with  evolution  of  phosphine;  it  likewise  gives  off  that  gas  when  treat<‘d 
with  zinc  and  sulphuric  acid. 

Pboapbltea.  — Of  the  three  hydrogen-atoms  contained  in  phosphorous  acid,  only 
two  appear  to  l>e  replaceable  by  metals,  the  acid  being  in  fact  dibasic,  and  forming  two 
aeries  of  metallic  salta — viz.,  net'trnl  phi’Sphit*  s,  )’or  M’PHO*,  au<l  acid  phijsphit*  a, 

MHPHO*  or  acc«>niiiig  to  the  atomicity  of  the  metal. 

The  third  hydrogen-atom  of  phosphorous  acid  ia  more  easily  replaceable  by  alcohol- 
radicles,  producing  alcoholic  pho‘‘plionms4icids(c.^^..e!hyl-pho8phor«jus  acid.  H*.PC*HH)*), 
still  containing  two  atom.s  of  typic  hydn^en,  which  may  bo  replaced  either  by  metals 
or  by  alcohol-radicles.  In  the  latter  case  phosphites  or  phosphorous  ethers  are  fornjKl, 
containing  3 atoms  of  alcohol-radicle  (p.  533).  whence  the  acid  h»is  by  some  chemists 
been  r<*garded  as  tribasic ; but  the  view  above  given  acconls  best  with  its  relations  to 
metallic  bases,  and  will)  the  position  which  it  occupies  U'tween  monobasic  hyp<>ph<>s- 
phorous  acid  and  tribasic  phosphoric  aeid  (p.  52S).  JVIuri'Over,  in  the  tri-alcohuiic 
ph<jsphites,  P(C*H*)"()*,  for  example,  2 atoms  of  the  alcohol-radicle  may  be  replaced  by 
metals — for  example  by  or  Ba;  but  the  tlilnl  atom  is  not  thus  nqdaceablo  (p.  5il3). 

The  metallic  phosphites  are  obtained  Rometiraes  by  acting  on  the  acid  with 
bases,  sometim«'S  by  double  decom^tosition.  They  are  more  stable  than  the  hyjM>phoH- 
phites,  but  are  all  decom{w^*d  by  heat.  Those  which  conUiin  wuUt  of  cryst^lisatii>u 
give  off  hydre^en  and  leave  pyrophosphates:  lhu.s — 

2Ba'PH0MI=0  - BVP=0’  + 2H»; 

hut  anhydrous  neutral  phosphites,  which  do  not  contain  sufficient  hydrogen  and  oxygen 
for  this  mo<le  of  dl‘compo^ition,  likewise  give  off  phosphorvlted  hydrogen  and  leave  a 
more  basic  phosphate:  e.g, — 

fiPirnro*  « Pb''o.2rb*p>o'  ■»-  pii>  + n*. 

The  neutral  phosphites,  excepting  those  of  the  alkali-metals,  are  but  spflringlv  solu- 
ble in  water,  and  the  lead-salt  is  almost  insoluble  ; the  acid  phosphites,  however,  are 
soluble.  With  thechloridea  of  barium  and  calcium^  sfdutions  of  the  alkaline  phosphitCN 
form  white  pre<*i  pit  ales,  soluble  in  acetic  and  in  phosphorous  acid — with  arctntc  of  had 
A whit©  precipitate,  insoluble  in  acetic  acid.  »So1utions  of  phosphites,  unless  very  con- 
centrateil.  do  not  precipitate  the  solution  of  a magmsiuut-sait  iu  aqueous  ammonia  and 
sal-ammoniac. 

The  solutions  of  phosphites  undergo  but  little  alteration  when  exposed  to  the  air  at 
ordinary  tem|X‘rature».  and  are  not  decomposed  by  boiling  with  caustic  alkalis.  They 
reduce  solutions  of  gold,  sdvtr,  and  nurcurg  in  the  same  manner  as  the  aquetms  acid. 

The  methods  to  be  adopted  for  the  quantitative  analysis  of  phosphiws  are 
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exactly  the  same  as  those  already  described  for  the  hypophosphites  (p.  524).  Neutral 
phosphitee  oxidised  by  nitric  acid»  or  by  hydrochloric  acid  and  chlorate  of  potassium, 
are  transformed  into  pyrophoephates : 

2>PHPO»  + - M*P*0»  + H*0. 


Those  phosphites  which  are  insoluble  or  sparingly  soluble  iu  water,  may  be  dissolved 
in  hy<m>chloric  acid,  and  the  bases  precipitated  from  them  by  the  usual  reagents. 

Phosphite  0/  Aluminium. — A saturated  solution  of  alum  mixed  with  a strong 
solution  of  ammonium-phosphite  forms  a precipitate  which  disappears  at  first,  becomea 
permanent  on  farther  addition  of  ammonia,  but  does  not  separate  completely  till  tbe 
liquid  is  boiled.  It  forms  a white  powder  when  diy,  and  decomposes  without  incan- 
descence when  heated. 

Phosphite  of  Ammoniumy  (NH*)*PH0MI*0. — Ph'wphorous acid  saturated  with 
ammonia,  and  evaporated  over  sulphuric  acid  in  rarefied  air,  yields  this  salt  in  laigo 
deliquescent  prisms,  soluble  in  2 pts.  of  cold  and  in  a smaller  quantity  of  boiling  water. 
In  vacuo,  at  ordinary  temperatures,  the  crystals  give  off  a small  quantity  of  ammonia, 
and  turn  acid ; at  100°  they  give  off  1 at.  water,  also  with  a little  ammonia;  and  at 
higher  temperatures  a larger  quantity  of  ammonia,  leaving  almost  pure  phosphorous  acid, 
which  decomposes  when  more  strongly  heated.  The  aqueous  solution  when  evaporated 
by  heat  also  gives  off  ammonia  and  turns  acid. 

Phosphites  of  Barium. — The  neutral  s(Ut,  Ba'PHO*,  is  deposited  after  a few 
days  from  a solution  of  an  alkaline  phosphite  mixed  with  chloride  of  barium,  as  a crys- 
taUine  crust  containing  J at.  water  (2Pa"PH0*.H*O).  It  is  but  sparingly  soluble  in 
cold  water,  and  is  decomposed  by  boiling  with  water  into  an  insoluble  basic  aud  a solu- 
ble acid  salt  It  is  slightly  efflorescent,  and  gives  off  its  water  of  crystallisation 
between  160®  and  200°. 

The  acid  salt,  is  obtained  by  digestin;^  the  neutral  salt  with  a 

quantity  of  phosphorous  acid  not  quite  sufficient  to  dissolve  it,  or  by  adding  baryta  or 
carlx»mite  of  barium  to  phosphorous  acid  as  long  as  it  continues  to  dissolve,  and  evapo- 
rating the  filtrate  to  a 8}*rup  at  a gentle  heat.  On  leaving  this  liquid  in  vacuo  over  oil 
of  vitriol,  the  acid  salt  is  deposited  in  warty  crystals.  It  is  soluble  in  water  but 
insoluble  in  alcohoL  Tbe  aqueous  solution  decomposes  when  boiled,  tbe  neutral  salt 
sepamting,  and  a more  acid  salt,  not  yet  examined,  remaining  in  solufion.  The  salt 
gives  off  1 at.  water  at  100° 

Phosphite  of  Bismuth,  obtained  by  double  decomposition,  is  a white  precipitate 
which  when  ignited  after  diynng  gives  oflr  pure  hydrogen. 

Phosphite  of  Ca^fyniwm.— White  precipitate,  which  gives  off  hydrogen  W’bcn 
dUliUed,  and  leaves  a residue  containing  a small  quantity  of  metallic  cadmium. 

phosphites  of  Calcium. — The  neutral  salt,  Ca'PlIOMI-0,  separates  after  a while 
&om  a solution  of  the  ammoniumnsalt  mixed  with  chloride  of  calcium,  as  a crystalline 
crust  sparingly  soluble  in  cold  water.  The  solution  detx>mpose6  when  heated,  depositing 

a ba.s)c  salt  (?  tricalcic  phoepliite,  Ca’P*0*),  while  an  acid  salt  remains  dissolved.  The 
neutral  salt  gives  off  its  wat»T  at  100®, 

The  acid  salt,  Ca"H*P*Il*0*.lI’0,  is  obtained,  by  acting  upon  marble  with  aqueous 
phosphorous  acid,  as  long  as  carbonic  anhydnde  continues  to  escu|>e,  as  a ciy'stalline 
crust  made  up  of  needle-shaped  crystals.  It  is  soluble  in  water,  and  the  solution 
mixed  with  alcohol  deposits  the  neutral  salt,  while  a very  acid  salt  remains  dissolved. 
The  crystals  give  off  their  water  at  100®. 

Phosphite  of  Chromium  is  precipitated  on  mixing  chromic  chloride  with  an 
alkaline  phosphite,  but  does  not  separate  completely  till  the  liquid  is  heated.  When 
dry  it  is  a loose  grey  powder,  which  is  decomposed  by  heat,  with  evolution  of  pure  hy- 
drogen. 

Phosphite  of  Cohalt  is  also  obtained  by  precipitation,  and  separates  completely 
only  when  the  liquid  is  heated.  In  the  dry  state  it  is  a pale-red  powder,  which  when 
heated  first  turns  violet,  then  black,  and  afterwards  decomposes  witn  incandescence  and 
evolution  of  hydrogen. 

Phosphite  of  Copper,  Cu'PHO*.2H*0. — Obtained  in  tbe  pure  state,  as  a blue 
granulo  ciystalline  precipitate,  on  mixing  a solution  of  cupric  acetate  with  aqueous 
phosphorous  acid  ; less  pure,  as  a bluish-white  flocculent  precipitate,  by  treating  cupric 
sulphate  with  an  alkaline  phosphite.  It  gives  off  water  when  gently  heated,  and  at  a 
higher  temperature  evolves  hydrogen,  and  leaves  cupric  phosphate  mixed  with  metallic 
copper.  A solution  of  cupric  phosphite  in  aqueous  phosphorous  acid  aL»o  decomposes 
when  heated,  with  separation  of  metallic  copper. 

Phosphite  of  Glucinum  is  a gummy  precipitate,  white  and  pulverulent  when 
Vot.  IV.  M M 
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dry,  insoluble  in  water,  decomposing  when  heated,  with  incandescence  and  evolution  of 
pure  Hydrogen. 

Phosphitet  of  Iron. — The  firrout  salt  is  a white  precipitate,  which  in  the  moist 
state  oxidises  quickly  in  the  air,  turning  first  green  and  then  brown.  When  heated  it 
gives  off  pure  hydrogen. 

Fi-rric  salt. — Neutral  ferric  salts  are  completely  palpitated  by  alkaline  phosphites 
only  after  long  standing  or  with  the  aid  of  beat.  The  dried  precipitate  is  white  and 
pulverulent ; it  glows  when  heated,  giving  off  hydrogen  mix^  with  a little  phospho- 
retted  hydrogen. 

Phosphites  of  Lead. — The  nrutral  salt^  Pb*PHO*,  is  obtained  by  precipitating 
neutral  acetate  of  lead  with  phosphorous  acid  or  phosphite  of  ammonium.  It  is  a white 
precipitate  nearly  insoluble  in  water,  and  dissolving  but  sparingly  in  aqueous  ph<^- 
phorous  acid,  much  more  easily  in  nitric  acid,  which  does  not  oxidise  it  in  the  cold;  it 
IB  easily  oxidised,  however,  when  heated  with  nitric  or  sulphuric  acid.  It  does  not  give 
off  any  water  at  100®,  but  decomposes  at  higher  temperatures,  with  evolution  of 
bydn^en  and  phosphoretted  hydrogen,  and  leaves  a phosphate  of  lead  (p.  528)  mixed 
with  a little  phospliide. 

A compound  of  ibis  salt  with  chloride  of  lead  is  precipitated  on  mixing  a boiling 
Bolution  of  chloride  of  lead  with  pure  phosphite  of  ammonium,  or  with  tri^loride  of 
phosphorus  which  has  been  decomposed  by  water  and  then  neutralised  with  ammonia, 
by  continued  washing  with  boiling  water  however,  this  double  salt  is  decomposed,  the 
whole  of  the  chloride  of  lead  b<>ing  removed,  and  pure  phosphite  remaining  behind 

A basic  phosphite  of  lead,  2(i*b"0.Pb''ni0*).H*0,  is  formed  on  digesting  the  recently 
precipitated  neutral  salt  with  ammonia  in  a fiask,  and  afterwards  washing  it  with 
alcohol  (H.  Rose).  Another  basic  salt,  Pb”0.2Pb*'PH0*,  is  formed  by  precipitating 
basic  acetate  of  lead  with  phosphite  of  ammoutum. 

Phosphite  of  Magnesi  urn  is  obtained  by  digesting  the  aqueous  acid  with  basic 
carbonate  of  magnesium,  and  evaporating  the  filtrate  under  an  exhausted  receiver,  as  a 
crystalline  crust  sparingly  soluble  in  water.  When  heated  it  gives  off  water  of 
crystallisation,  and  at  a higher  temperature  decomposes  with  vivid  incandescence. 

Phosphite  of  magnesium  forms  a sparingly  soluble  double  salt  with  phosphite  of 
ammonium — much  more  soluble,  however,  than  the  corresponding  phosphate. 

Phosphite  of  Manganese^  2Mn"PII0MI*0,  obtained  by  adding  an  alkaline 
phosphite  to  the  solution  of  a manganous  salt  till  none  of  the  latter  remains  in  excess, 
IS  a reddish-white  precipitate  which  is  not  quite  insoluble  in  water,  gives  off  its  water 
of  crystallisation  in  drying,  and  decomposes  at  a stronger  heat,  with  vivid  incan- 
descence, and  evolution  of  hydrogen  and  phosphoretted  hydrogen. 

Phosphites  of  Potassium. — The  neutral  salt,  is  obtained  by  saturating 

the  aqueous  acid  with  potash,  and  orapomting  under  the  air-pump,  as  a syrupy'  mass 
in  which  crystals  form  after  some  time  only'.  It  is  deliquescent,  easily  soluble  in 
water,  insoluble  in  alcohol. 

An  acid  phosphite  of  potassium,  K*IPP’0*  •»  K^PII0*.2PH*0\  is  produced  by 
exactly  neutralising  1 pt.  of  aqueous  phospliorous  acid  with  hydrate  or  carbonate  of  po- 
tassium, then  adding  2 pts.  of  the  same  acid,  and  evaporating  in  vacuo.  The  liquid  then 
solidifies  completely' to  a mass  of  laminar  cryatals,  unctuous  to  the  touch,  having  a 
strongly  acid  taste,  and  very  soluble  in  water.  The  salt  does  not  lose  weight  at  200®, 
but  decomposes  at  250®,  with  evolution  of  hydrogen  and  pliosphorcUcd  hydrogen. 

An  acid  potassium-salt  analogous  to  the  other  acid  phosphites  has  not  yet  been 
obtained.  A solution  of  the  neutral  salt  mixed  with  as  much  phosphorous  acid  os  it 
already  contains,  and  evaporated  in  a vacuum,  yields  after  some  time  a crystalline  crust 
of  the  acid  salt  just  described,  the  syrupy  mother-liquor  retaining  nothing  but  neutral 
salt 

Phosphites  of  Sodium, — The  neutral  salt,  Na*PHO*.6II*0,  is  obtained  by 
neutralising  the  aqueous  acid  with  soda  and  evaporating  in  a vacuum,  as  a thick  syrup, 
which  after  some  time  solidifies  to  a crystalline  mass.  According  to  Dulong,  tbo 
individual  crystals  are  rhombohedrons,  approaching  very  nearly  to  cubes.  They  are 
easily  soluble  in  water  and  in  alcohol,  hygro.seopic,  and  deliquesce  quickly  on  exposure 
to  the  air,  but  effloresce  in  vacuo  over  oil  of  vitriol,  and  give  off  all  their  water  of  crys- 
tallisation at  100®. 

The  acid  salt,  2Na*HT*0*.II*O,  is  analogous  in  composition  to  the  acid  potassium- 
salt  (excepting  that  it  contains  water  of  crystallisation),  and  is  obtained  in  a similar 
manner.  The  solution  crystallises  completely  by  evaporation  in  vacuo,  yielding  shining 
prisms  very  soluble  in  water,  permanent  in  dry  air,  butquickl}'  deliquescing  in  air  of 
the  ordinary  degree  of  humidity.  The  salt  gives  off  its  water  of  crystallisation  at  200®, 
and  decomposes  at  250®,  evolving  a large  quantity  of  phosphoretted  hydrogen. 
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Phosphite  of  Strontium^  2Sr*rH0*H*O,  is  prepared  by  saturating  phos- 
phorous acid  with  carbonato  of  strontium  and  evaporating.  A solution  of  chloride  of 
strontium  mixed  with  phosphite  of  ammonium  yields  a scanty  precipitate,  which  in- 
creases on  evaporating  the  liquid.  Tha^phiteof  strontium  is  sparingly  soluble  in  water, 
and  is  decomposed  by  boiling  with  water  into  a soluble  acid  salt  and  an  insoluble 
nacreous  basic  salt.  The  di^  salt  is  decomposed  by  heat,  with  evolution  of  hydrogen. 

Phosphites  of  Tin. — The  stannous  salty  Sn^PliO”,  is  prepared  by  precipitating 
stannous  chloride  with  aqueous  phosphorous  acid,  and  thoroughly  wasliing  the  precipi- 
tate with  water.  It  is  white,  insoluble  in  water,  but  soluble  in  hydrochloric  acid, 
forming  a solution  which  is  an  extremely  powerful  reducing  agent.  The  dry  salt  de- 
composes with  intumescence  when  hcat^,  giving  off  phoephoretted  hydrogen,  and 
leaving  a black  residue. 

The  stannic  salt  is  obtained  by  mixing  aqueous  stannic  cliloride  with  an  alkaline 
phosphite,  as  a white  precipitate  which  drit«  up  to  a vitn'ous  brittle  mass.  When 
strongly  heated  it  gives  off  not  hydrogen  bat  water,  leaving  a stannous  salt  soluble  in 
hydrochloric  acid. 

Phosphite  of  Titanium, — A solution  of  titanic  chloride  yields  with  phosphite 
of  ammonium  a white  precipitate,  which  when  ignited  give-s  off  hydregen  and  phospbo- 
retted  hydrogen,  and  leaves  a black  residue  containing  phosphoric  and  titanic  oxidoa 

Phosphite  of  Zinc,  2Zn"PU0*.5H*0. — Alkaline  phosphites  precipitate  sulphate 
of  doc  imperfectly  in  the  cold,  con^letely  when  heated.  The  white  precipitate  is 
sparingly  soluble  in  water,  gives  on  its  water  in  drying,  and  when  more  strongly 
heated  gives  off  hydrogen,  mixed  towards  the  end  with  phosphoretted  hydn^en. 

AloolioUc  Fhoapbltes.  Fbospboronn  Stbers.  Phosphorous  acid,  though 
dibasic  acid,  is  capable,  as  already  observed,  of  forming  ethers  in  which  1,  2,  or  3 
atoms  of  liydrogen  are  replaced  by  alcohol-radicles.  If  one  of  the  three  hydrogen- 
atoms  be  regarded  as  alcohoUc(ii.  915),  and  the  other  two  us  basylous,  those  ethers  may 
be  represented  by  the  foUowiDg  formuUe,  in  which  It  denotes  a monatomic  alcohol 
radicle : 


Hono-alcoholic  phosphorous  ethers 
Di-alooholie  phosphorous  ethers 
Tri-alcoholic  phosphorous  ethers 


H'.PRO*  = 

P'"(.0* 

IP| 

R ) 

RH.PRO*  - 

P"yo* 

hr) 

R'.PRO*  - 

F’lO* 

Those  which  contain  1 or  2 atoms  of  alcohol-radicle  are  acid  ethers  capable  of  forming 
metallic  salts ; those  which  contain  3 atoms  of  alcohol-radicle  are  neutral.  The  acid 
ethers  are  pix^ucod  by  the  action  of  trichloride  of  phosphorus  on  the  corresponding 
hydrated  alcohols ; the  neutral  ethers  by  the  action  of  trichloride  of  phosphorus  on  tho 
corresponding  sodium-alcohoU. 

There  might  also  be  mono-  and  di-alcoholic  phosphites,  constituted  according  to  the 
formula  1IR.PHO*  and  R*.P1I0». 

Amtlic  Phosphites. — Atnplp  hosphorous  acid,  C*II**PO‘aBH*PC‘H”0*. 
(Wurtz,  Ann.  Ch.  Phys.  [3]  xvi.  227;  Ann.  Ch.  Pbarm.  Iviii.  75.) — This  and  the 
following  compound  are  produced  by  the  action  of  trichloride  of  phosphorus  on  amvlic 
alcohol.  One  voL  trichloride  of  phosphorus  is  slowly  dropped  into  1 vol.  amylic  alcoliol, 
and  a small  quantity  of  water  very  slowly  added,  tho  vessel  being  well  cooled.  After  all 
the  excess  of  chloride  of  phoephorus  has  been  decompose  by  tho  water,  the  mixture  is 
shaken  up  with  an  equal  volume  of  water  ; the  oily  mixture  of  amyl  phosphorous  acid 
and  amylic  amylphosphite,  which  rises  to  tho  surface  on  leaving  the  liquid  at  rest,  is 
decanted  and  frerd  from  hydrochloric  acid  by  repeated  washing  a*ith  water;  and  theuinyl 
phosphorous  acid  is  extra^ed  by  a weak  solut  on  of  sodic  car!>onate  (a  strong  solution 
would  likewise  dissolve  the  amylic  amylphosphite).  The  alkaline  solution  is  then  sepa- 
rated mechanically  from  tho  amylic  amylphosphite  which  floats  on  the  surface;  the  portion 
which  still  remains  di^iolved  therein  is  separated  by  agitation  with  common  ether;  and  tho 
alkaline  solution  is  supersaturated  with  hydrochloric  acid,  whereby  the  amylpbosphorous 
acid  is  separated,  with  strong  turbidity,  and  at  first  rises  to  tho  surface  in  the  form  of  an 
oil,  in  consequence  of  containing  ether,  but  sinks  to  the  bottom  after  the  ether  is  evapo- 
rated. Lastly,  to  free  this  oil  from  chloride  of  sodium,  it  is  dissolved  in  water,  repre- 
cipitated  by  hydrochloric  acid,  gently  heated  after  the  hydrochloric  acid  has  been 
decanted,  and  placed  in  a vacuum,  to  remove  the  water  and  hydrochloric  acid. 

Amylpbosphorous  acid  is  an  oil  which  sinks  in  water;  it  is  nearly  inodorous  in  tho 
fresh  state,  but  strongly  acid ; dissolves  readily  in  water,  and  is  precipitated  therefrom 
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by  bydrocbloric  acid.  It  yields  by  dry  distillation  a large  quantity  of  combustible  gas, 
and  a small  quantity  of  liquid  distillate,  leaving  phosphorous  acid,  which  when  more 
strongly  heat^,  gives  off  phosphoretted  hydrogen  gas.  It  bums  with  a very  smoky 
flame,  leaving  phosphorous  acid.  It  reduces  fitiver-fa/ts.  After  being  kept  for  some 
time  it  no  longer  dissolves  completely  in  water,  and  the  solution  quickly  decompoeea 
into  amylic  alcohol  and  phosphorous  acid.  The  acid,  separated  by  hydrochloric  acid  from 
the  sodium-salt  which  has  been  kept  for  some  time,  likewise  exhibits  this  behaviour. 
This  change  of  properties  is  perhaps  due  to  the  conversion  of  the  amylphosphorons 
acid,  into  monamylicphoaphit^,  C*H“.U.FHO*. 

Amylphosphorous  acid  decomposes  alkaline  carbonates  with  effervescence;  its  salts 
decompose  readily.  The  potassium-  and  sodium-gaits  can  only  be  obtained  in  the  gela- 
tinous state.  The  ikirium-toH  dries  np  in  vacuo  to  a soft  deliquescent  mass.  The 
Irad-salt  is  a white  curdy  precipitate,  which  decomposes  even  in  the  dry  state,  and 
quickly  when  moist,  giving  off  an  odonr  of  fusel-oil. 

$.  .\fonamy/ic  Amylphosphite,  = H.C'H".PC»H"0*.  (Wurts, 

loc.  cit.) — Obtained  ns  above,  and  freed  from  nmylphosphorous  acid  by  washing  with 
dilute  s^ic  carbonate  till  the  residue  no  longer  reddens  litmus ; it  is  then  washed  with 
water,  and  heat<*d  several  times  in  vacuo  to  80® — 100®  to  drive  off  water  and  amylic 
chloride.  Should  the  product  be  coloure<l,  in  consequence  of  the  temperature  during 
the  reaction  having  been  allowed  to  rise  too  high,  it  must  be  rectified  in  vacuo;  but 
this  process  is  always  attended  with  a certain  amount  of  decomp<Mition. 

Amylic  amylphosphite  is  a colourless  or  pale-yellow  oil,  of  speciBc  gravity  0-967  at 
19®.  It  boils  only  at  a high  temperature, and  with  some  decomposition;  smells  slightly 
of  amylic  alcohol,  and  has  a very  pungent  disagreeable  taste. 

When  passed  in  the  state  of  vapour  through  a red-hot  tube,  it  yields  gases,  among 
which  phosphorotted  hydrogi-n  occurs.  It  may  be  set  on  fire  by  a flaming  body  when 
strongly  heated  ; paper  soaked  in  it  hums  when  set  on  fire,  witli  a white  phosphorus 
flame.  It  absorbs  chlorine  gas,  with  rise  of  temperature  and  evolution  of  hydrochloric 
acid ; in  the  dark  at  0®  there  is  formed  hereby  a product  containing  1 at.  chlorine ; but 
under  the  influence  of  heat  and  light,  products  very  rich  in  chlorine  are  funned ; these 
bodies  are  colourless  and  viscid,  and  decompose  after  a while,  with  evolution  of  hydrochloric 
acid.  yUric  acid  acts  violently  on  amylic  amylphosphite,  yellow  oily  drops  passing  over, 
and  a strong  odour  of  valerianic  acid  being  evolved.  When  it  is  boiled  witn  solution  of 
nitrate  of  sUver,  there  is  formed,  with  a certain  amount  of  reduction,  a black  magma 
containing  phosphate  of  silver.  When  exposed  to  moist  air  or  kept  in  loosely  closed 
vessels,  it  gradually  turns  acid.  By  boiling  aqueous  alkalis,  it  is  quickly  reeolved  into 
amylic  alcohol,  which  passes  over,  and  a residue  of  alkaline  phosphite. 

Diamylic  Amylphospkite,  C'»H”PO*  - (C»n")*PC‘H"0*.  (Railton,  Chem. 
Soc.  Qu.  J.  vii.  218.)— Produced  by  the  action  of  trichloride  of  phosphorus  on  amylate 
of  sodium,  the  preparation  being  conducted  in  the  same  manner  as  for  the  corresponding 
ethyl-compound  (p.  633); 

3C»H"NaO  PCT  - C'»H»PO*  + 3KaCI. 

It  is  an  oily  neutral  liquid,  having  a very  offensive  odour,  and  decomposing  more  easily 
than  diethylic  ethylphosphite.  It  boils  in  hydrogen  at  236®,  is  insoluble  in  water, 
soluble  in  alcohol  and  in  ether. 

Ethtlic  Phosphites.  — Ethylphosphorous  acid,  C^H’PO*  = 
C^H*) 

H*PC»H»0»  - (Wurtx,  Ann.  Ch.  Phys.  [3]  xvi  218.)—Produced 

H*) 

by  the  action  of  trichloride  of  phosphorus  on  hydrated  alcohol: 

^ [ H I®  J + H»o  + pa*  - p~  |o*  + c*H»a  + 2Ha. 

Trichloride  of  phosphorus  is  added  drop  by  drop  to  the  alcohol,  in  a vessel  kept  con- 
tinually cold  from  without ; and  the  mixture  is  evaporated  at  a gentle  heat,  to  dnve  off 
the  chloride  of  ethyl  and  hydrochloric  acid,  first  in  the  air,  and  aftorwa]^  in  vacuo, 
the  vessel  containing  the  liquid  being  connected  with  an  air-pump  by  a tube  contain- 
ing hydrate  of  potassium.  The  remaining  syrup  is  then  saturated  with  carbonate  of 
barium,  and  separated  by  filtration  from  phosphite  of  barium ; the  filtrate  is  evaporated 
in  vacuo ; the  dry  residue  treated  with  absolute  alcohol ; the  liquid  fiUorod  to 
serrate  the  chloride  of  barium,  and  evaporated  till  the  barium-salt  cr^-stalliscs. 

The  acid  itself  is  scarcely  known,  in  consequence  of  its  groat  tendency  to  resolve 
itself  into  phosphorous  acid  and  ulcohol. 

It  is  capable  of  exchanging  one  or  both  of  its  basylous  hydrogen-atoms  either  for 
metals  or  for  alcoliol-radicles,  thereby  forming  both  acid  and  neutral  salts.  The  acid 
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inetaUic  salts  are  produced  by  treating  the  acid  with  the  respeclive  bases  (Wiirtz), 
thH  neutral  salts  by  the  action  of  strong  bases  on  the  neutral  ctbyllc  etlier  or  dicthylic 
otbylphosphito. 

BariumsalU. — The  add  salt,  Ba*H*.P*(C^n*)’0*,  obtained  as  above  in  the  prepara- 
tion of  the  acid,  is  a white,  amorphous,  frialde,  deliquescent  mass,  which  swells  up  when 
subjected  to  dry  distillation,  giving  off,  first  certain  volatile  products  of  the  decomp^ 
sition  of  alcohol,  then  phospborotted  hydrogen-gas,  and  leaving  a mixture  of  baiytic 
phosphate  and  oxide  of  phosphorus  (or  rod  phosphorus).  It  is  permanent  when  dry, 
but  in  solution  it  is  gradually  resolved  into  alcohol  and  borytic  metapbosphate, 
which  crystallisea  out : 

Ba'*H».P*(C»H*)*0*  + 0*  - 2(C*H\H.O)  Ba'P»0» 

Tt  is  very  soluble  in  water  and  alcohol,  and  is  precipitated  from  the  alcoholic  solution 
by  ether.  (Wurtz.) 

Tiio  neutral  bariuin-sali,  Ba'TC*H*0*,  is  produced  by  adding  1 at.  dietbylic  ethyl- 
phosphite  to  I at  liydrate  of  barium  dissolved  in  hot  water : 

(C*H*)’PC*H‘0*  + Bu'H-0*  - Ba"PC»H*0*  + 2(C»n‘.H.O). 

On  gently  healing  the  mixture,  alcohol  is  given  off,  and  the  remaining  liquid  deposits 
the  barium-salt  on  evaporation.  It  does  not  crystallise.  It  may  lie  evaporated  in  a 
water-bath  without  decumposing,  but  on  boiling  it  is  easily  resolved  into  alcohol  and 
monobaiytic  phosphite  (p.  529). 

2Ba"PC7n‘0»  + 3H’0  - 2(C*HMI.O)  -t-  2Ba'’PH0>  H»0. 

By  decompoaiug  this  salt  with  various  sulphates,  other  neutml  cthylphosphites  may 
be  obtained,  but  none  of  them  crystallise.  (Jtailton,  Chera.  Soc.  Qu.  J.  vii.  219.) 

The  add  c/^ppersalt,  obtained  by  precipitating  the  acid  barium -salt  with  sulphate  of 
copper,  and  eva|x)rating  the  filtrate  in  vacuo,  is  a )>lue,  amorphous,  soft,  deliquescent 
nitiSA,  in  which  the  cop(>er  is  gradually  reduml.  (W urtz.) 

The  add  Uad’Salty  olitained  by  saturating  the  acid  with  recently  precipitated  carbo- 
nate of  lead,  and  evaporating  the  filtrate  in  vacuo,  forms  shining,  unctuous,  crystalline 
scales,  permanent  in  th<5  air,  soluble  in  water  and  alcohol,  itisoluble  in  ether.  The 
aqueous  solution  gradually  dej>08itB  phosphite  of  lead.  (W urtz.) 

The  add  potaisium-saft,  obtained  by  precipitating  the  barium-salt  with  suljdiate  of 
potassium,  and  evaiioniting  in  vacuo,  is  a thick  unerystallisalile  syrup.  (Wurtz.) 

FJhtflobaryiic  ^thylphospkitef  C*H**Ba"l**0*  = (C*H‘)*Ba'^(PC'^IIK)*)’  = 

(C^H>)*  } 

(F")*  Vo*. — This  salt  is  obtained  by  adding  2 at.  diethylic  ethylphosphite  to  1 at. 

Ba"(C*lF)*j 

hydrate  of  barium  dissolved  in  hot  water,  and  gently  heating  the  liquid  for  a few 
minutes.  Alcohol  is  then  given  off.  and  the  liquid,  if  carefully  evaporated  on  awat«r> 
bath,  deposits  the  salt  as  a confused  crystalline  mass : 

r C’lF  ) -1  (C*H*)»  ) 

2 3’"'  >0*  + Ba*Tl*0»  » (F")»  VO*  + 2(C*II»II.O). 

L(C^H*)M  J (C'H*)*Ba"j 

This  salt  is  very  deliquescent,  extremely  soluble  in  water,  soluble  also  in  dilute  alcohol, 
but  only  slightly  s<duble  m absolute  alcohoL  It  docs  not  decompose  at  108^. 
(K  ailtoD.) 

Etkylopotassic  Ethylphosphite,  C*H*.K.PC*H*0*,  is  obtained  by  decompwing  the 
barium-Milt  with  pota^ic  sulphate.  It  crystallises  with  difficulty  in  thin  plates 
radiating  from  a centre.  It  is  deliquescent,  soluble  in  alcohol,  insoluble  in  ether. 

The  sodium-salt  prepared  in  like  manner  resembles  the  potassium-salt,  but  has  not 
be<*n  obtained  in  the  crystalline  state.  The  nickel-,  iron-,  cine-,  and  magnedum-eAWn 
obtained  in  like  manner  are  also  non-crystalline,  and  extremely  soluble  in  water,  but 
appear  to  bo  insoluble  in  alcohol.  On  decomposing  the  solution  of  the  barinm-salt 
with  cupric  sulphate,  the  copper  was  reduced,  even  in  a vacuum.  (Knilton.) 

The  corresponding  hydrogen-salt,  or  ethylic  ethylphosphite,  PC*H*0*,  has 

not  yet  been  obtained. 

C»H»  ) 

Diethylic  Ethylphosphite,  C*H'*PO*  ••  F”  VO*.  (Railton,  Chem, 

(C»H»)M 

Soc.  Qu.  J.  Tu.  216.) — Produced  by  the  action  of  trichloride  of  phosphorus  on  ethylate 
of  sodium : 

3C"H‘NaO  + PCI*  - On'*PO*  + 3NaCl. 

I at.  trichloride  of  phosphorus  mixed  with  five  times  its  bulk  of  pure  ether  is  added 
by  small  portions  to  3 at.  ethylate  of  sodium  (prepared  by  acting  on  perfectly  anhydrous 


Digitized  by  Google 


53 < PHOSPHORUS:  OXIDES  AND  OXYGEN-ACIDS. 


alcohol  with  taxlium  iu  a retort  provided  with  a condenmng^tube,  and  eraporating  to 
drj’nesa  at  120®),  the  retort  being  kept  at  the  boiling-point  of  ether  by  a water-bath. 
The  ether  is  then  uistilled  off,  and  the  retort  transferred  to  on  oil-bath,  in  which  it  is 
gradually  heated  to  200®,  and  kept  at  that  temperature  till  the  whole  of  the  ethylic 
phosphite  has  distilled  over.  The  distillate  is  rectified  several  times  in  a current  of 
hydrogen,  the  portion  which  comes  over  at  188®  being  each  time  collected. 

Diethylic  ethylphospbite  is  a neutral  somewhat  oily  liquid,  having  a peculiarly 
offensive  odour.  Specific  gravity  * 1075  at  16  6®.  Koiling-point  in  air,  191®;  in 
hydrogen,  188®.  Vapom^ensity,  taken  in  an  atmosphere  of  liydrogcn,  = 6 800  and 
6*877 ; calc.  (2  vol.)  a 5'763.  It  is  soluble  in  water,  alcohol,  and  ether,  and  bums  with 
a bluish-white  fiame.  Heated  with  baryta-water,  it  jields  the  barium-salt  (or  ethyl- 
barium-salt)  of  cthylphosphorous  acid,  according  to  the  proportions  used  (p.  633). 

AcETYL-pTuopHospHORors  AciD,  C*1I*P*0*  =s  (P'")*  vO*.  (N.  Men- 

. . H*  j 

schu  tki  n,  Ann.  Ch.  Pharm.  cxxxiii.  317.) — This  acid,  which  is  produced  by  the  action 
of  phosphorous  acid  on  chloride  of  acetyl,  may  l>e  regarded  ns  n^ulting  from  the  substi- 
tution of  ncctyl  for  hydrogen  in  n hyp^ketical  pyrophosplioroas  acid,  P'*H*0*,  related 
to  phosphorous  acid  in  the  same  manner  as  pyroph^phoric  to  orthophosphoric  acid : 


Pboiphoroui  Pyrophoi. 

acid.  phoroui  add. 


To  prepare  it.,  1 at.  phosphoroos  acid  and  1 at.  chloride  of  acetyl  are  heated  together 
in  a sealed  tube  to  120®,  in  an  oil-bath  for  60  to  56  hours,  the  tube  being  opened 
two  or  tliree  times  during  the  process  to  give  vent  to  thelai^o  quantity  of  hydrochloric 
acid  which  is  set  free.  When  the  reaction  is  complete,  the  whole  of  the  chloride  of 
acetyl  is  found  to  hare  disappeared,  and  the  tube  contains  a perfectly  white  crystallino 
muss,  consisting  of  acetyl-pyrophosphorous  acid: 

2I'IT>0»  + 2C’H»OCl  « H>P(C;*H>0)0*  + C»IPO*  + 2Ha 


To  purify  this  product,  it  is  first  dried  in  a stream  of  carbonic  anhydride,  whereupon 
hydrochloric  and  acetic  acids  pass  off;  then  converted  into  a potosamm-salt,  which  is 
purified  by  two  or  thrive  ciy'stalHsations;  from  this  the  lead-salt  is  prepared  by  precipi- 
tation; and  the  pri'cipitate  decomposoil  by  suIphyUric  acid  yields  a solution  of  pure 
aeetyl-pyrophosphorouB  acid.  On  evaporating  this  solution  to  a syrup,  and  leaving  it 
over  oil  of  vitriol,  the  acid  is  obtained  as  a crystalline  mass,  very  much  like  crystallised 
phosphorous  acid,  but  less  deliquescent.  It  contains  I**(C*H’0)lI*0*.2fl*0;  gives  off 
its  water  of  crystallisation  at  100® ; does  not  fuse,  but  decomposes  when  strongly 
heatctl,  giving  off  phosphorettod  hydrogen. 

Acetyl-pyrophospborous  acid  appears  to  be  dibasic,  forming  salts  which  may  be 
H.CHl’Oj 

represented  by  tho  general  formula,  (P"‘)*  vO*.  The  poiaMtumsali  forms  crystals, 

i 

which  contain  P^C’H*0)HK*0*.2JH*0,  give  offlJH*0  at  100®,  and  tho  remaining 
1 at.  at  120®.  The  crystals  are  very  soluble  in  water,  and  efBoresce  quickly,  splitting 
at  the  same  time  into  lumps,  in  an  easily-determined  direction  of  cleavage.  By 
boiling  with  excess  of  potash,  the  salt  is  resolved  into  acetate  and  phosphite  of 
potassium. — The  harium^salt,  P*(C*H*0)HBji"O,  obtained  from  tho  potassinm-salt  by 
double  dpcomposition,  is  a precipitate  which  becomes  crystalline  after  a while. — The 
Uad'Salt,  P*((^*H*0)IIPb*'0*,  is  a white  precipitate. — Nitrate  of  eilver  forms  with  tho 
potassium-salt  a white  precipitate,  from  which  when  thrown  on  a filter  the  silver  is 
instantly  reduced. 

Tbittlex»-piio8  PHOROus  Acid,  CTPPO*  - P"^  VO*? — Kane,  by  acting 

II  J 

on  acetone  with  iodine  in  presence  of  phosphonis,  and  neutralising  with  carbonate  of 


barium,  obtained  a salt  to  which  he  assigno<l  tho  formula  C*I^Ba*PO*  or  C’H*Ba*PO*. 
According  to  E.  Mulder,  however  (J.  pr.  Chem.  xci.  472),  if  the  product  of  thereac- 
tion  be  freetl  from  i‘xlino  by  digestion  with  water  and  sgitation  with  mercutr,  then 
neutralised  with  carbonate  of  barium,  and  the  resulting  barium-salt  purified  by 
repeateti  precipitation  with  alcohol  from  tho  aqueons  solution,  it  finally  exhibits  the 
Composition  of  tritylene-phosphite  of  barium,  (C*H*)’Ba*P*0*  (Mubler  regards  it  as 
a phosphite  of  barium  and  acetone).  The  solution  of  this  salt  tri>:tte<l  wnth  carbonate 
of  sodium,  yield.s  a prccipifato  of  barytic  carbonate  and  a solution  of  tritylene-pkoepkite 
of  (C’lPy'NaPO*,  which  remains  on  eviH»onition  as  an  amorphous  mass. 
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Vtioiphorio  Anhydride,  Aclde,  and  Salu. 

PBXTOXIDB  07  Phosphorus,  Phosphoric  Oxidbor  Axhtdridr,  P*0*. 
— This  oxide  is  the  sole  product  of  the  rapid  combustion  of  pbosphorus  in  excess  of  dry 
air  or  oxygen.  The  combustion  is  easily  effected  in  u large  three-necked  glass  globe 
(/y*  737),  in  the  centre  of  which  is  suspended  a |)orcelain  dish  e,  attached  by  means 
of  platinum-wire  to  the  wide  tube  a b,  which  is  closed  at  a with  a cork.  One  of  the 
lateral  openings  of  the  globe  communicates  with  n U-tube  d,  containing  pumice  soaked 
in  oil  of  vitriol  to  dry  the  air  which  enters  the  globe,  while  the  other  lateral  opening 
communicates  with  a wide-mouthed  bottle  /,  destined  to  receive  the  products  The 
phosphorus  in  the  capsule  is  ignited  by  a hot  wire,  the  cork  inserted  in  the  vertical 
tube,  and  a current  of  dry  air  passed  through  the  apparatus  by  means  of  an  aspirator 
cuuuccted  with  the  exit-tube  y of  the  bottle  /,  or  by  a blower  attachcd«to  the  iying- 

Fig.  737. 


tube  dy  or  by  other  means.  From  time  to  time  fresh  pieces  of  phosphorus  are  dropr^d 
into  the  capsule  through  the  vertical  tube,  which  is  recorked  after  each  addition.  The 
phosphoric  oxide  produced  by  the  combustion  condenses  as  a white  deposit  in  the 
globe  and  in  the  bottle /.  If  the  supply  of  air  is  not  sufficient,  the  product  will  be 
contaminated  with  phosphorous  oxide. 

A simplitied  apparatus  for  preparing  phosphoric  anhydride  is  described  by  Qra* 
bowBki(Ann,  Ch.  Pharm.  cxxxvi.  119). 

Phosphoric  oxide,  as  al>ove  prepared,  forms  a snow-white,  flocculent,  amorphous  deposit, 
inuilorous  when  free  from  phosphorous  oxide,  and  not  affecting  litmus-paper  when 
perfi^ctly  dry.  It  sublimes  below  a red  heat.  When  heated  with  charcoal  it  is  de- 
compoi^ed,  yielding  carbonic  oxide  and  phosphorus.  It  is  also  decomposed  when 
heated  with  easily  oxidisable  metals.  Heated  with  penUchloride  of  phosphorus 
(Weber,  p.  513),  or  with  perfectly  dry  chloride  of  sodium  (Lautemann,  Ann.  Cb. 
Pharm.  cxiii.  240),  it  yields  phosphoric  oxychloride  POCl*.  It  has  a powerful  attrac- 
tion for  water,  dissolving  in  it  with  a hissing  noise  and  great  development  of  heat,  and 
deliquescing  quickly  in  contact  with  moist  air.  It  likewise  acts  as  a powerful  dehydrat- 
ing agent.  abstracting  water  from  acids,  alcohols,  and  many  other  bodies  when  heated  with 
them.  Strong  sulphuric  acid,  fur  example,  heated  with  phosphoric  anhydride  is  con- 
verted into  sulphuric  anhydride.  It  unites  with  water  in  three  proportions,  forming 
three  acids,  H*0.P*0‘,  2il*0.P*0*,  and  3H’0.I’*0*,  denoted  by  toe  generic  name  of 
phosphoric  acids.  At  a red  heat  it  expels  the  volatile  anhydrides  from  their  salts, 
producing  phosphates  containing  various  proportions  of  base,  according  to  the  facility 
with  which  the  volatile  anhyuride  is  expelled.  (Odling,  PhiL  Mag.  [4]  zriii.  168  ; 
Jahresb.  1859,  p.  151.) 

Phosphoric  acid.— Phosphoretted  hydrogen,  PH*,  burnt  in  air  or  oxygen  takes  up 
4 atoms  of  oxygen  and  forms  phosphoric  acid,  iT’PO*.  The  same  acid  is  also  productnl 
by  the  oxidation  of  Iiypophosphorous  or  phos^'horous  acid  ; by  oxidising  •phosphorus 
with  nitric  ackl ; by  the  decomposition  of  npatitc  and  other  native  phosphates;  and  by 
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the  action  of  boiling  water  on  phosphoric  anhydride.  This  add  is  tribosic,  forming 
thff^  distinct  classes  of  metallic  salts.  With  sodium,  fur  example,  it  forms  the  three 
salts  NaH'PO*,  Na*HPO\  and  Na*PO\  the  first  two  of  which,  still  containing  replace- 
able hydrogen,  are  acid  salts,  while  the  third  is  neutral.  The  tliree  atoms  of  hydrogen 
in  phosphoric  acid  may  be  replaced  in  like  manner  bj  alcohol-radicles,  forming  acid 
and  neutral  ethers. 

If  now  monosodic  phosphate,  NaTi*PO*,  be  heated  to  redness,  it  gives  off  1 atom  of 
water  and  leaves  an  anhydrous  monosodic  phosphate,  NaPO*  *»  NaH*PO^ — H*0,  the 
aqueous  solution  of  which,  when  treated  wiu  nitrate  of  lead,  yields  a lead-salt  of  cor- 
responding composition:  thus — 

2NaPO»  + Pb"(NO»)*  -t  Pb"(NO«)*  + 2NaNO’; 
and  this  lead-salt,  decomposed  by  suipbydric  acid,  yields  a monohydrie  acid  haring  the 
composition  HPO*,  possessing  properties  quite  distinct  from  those  of  the  trihydric  acid 
above  mentioned : 

Pb"(PO*)*  + H=S  - 2HPO*  + Pb"S. 

The  trihydric  acid  which  is  produced  by  the  oxidation  of  phosphorus,  and  by  tho 
decomposition  of  the  ordinary  native  phosphates,  is  called  ortbophosphoric  acid 
ororainary  phosphoric  acid ; the  monohydrie  acid  is  called  metaphosphoric 
acid.  The  former  may  be  regarded  as  a trihydrate,  the  latter  as  a monohydrate  of 
phosphoric  anhydride : 

2IT*PO*  SU'O.P’O*  ortbophosphoric  acid. 

2UPO’  » H’O.P^O*  meta^osphoric  acid. 

Both  are  soluble  in  water,  and  tho  former  may  be  produced  by  the  action  of  boiling 
w'ater,  the  latt<T  of  cold  water  on  phosphoric  anhydnde^  They  are  easily  distinguished 
from  one  another  by  their  reactions  with  albumin  and  with  nitrate  of  silver.  Meta- 
pliosphoric  acid  coaguIaU-s  albumin,  and  gives  a white  precipitate  with  nitrate  of 
silver;  whereas  orthophosphoric  acid  does  not  coagulate  albumin,  and  gives  no  pre- 
cipitate, or  a very  .slight  one,  with  nitrate  of  silver,  till  it  is  neutralised  with  an  alkali, 
in  which  rase  a j’ellow  precipitate  is  forme»l. 

M«  taplioiphorio  acid  and  its  salts  differ  from  ortbophosphoric  acid  and  the  ortho- 
phosphate.s  by  the  want  of  one  or  two  atoms  of  water  or  base,  the  relation  between 
the  two  classes  of  salts  being  similar  to  that  between  ortho-  and  meta-silicates,  car- 
bonates, &c.  (p.  238):  thus— 


Mrt.phniph.tci. 

Orlhopholphatci. 

HPO> 

n*po< 

H’O 

NaPO' 

NaH’PO*  - 

n>o 

Ba'JPP’O*  - 

2HO 

AgPO* 

Ag>PO*  - 

Ag’O 

Pb"P=0* 

fVPK)' 

2Pb"0 

Accordingly,  we  find  that  metapbosphates  and  orthophosphates  are  convertible  one  into 
the  other  by  the  loss  or  gain  of  one  or  two  atoms  of  water  or  base : thus — 

a.  A solution  of  metaphosphoric  acid  is  converted,  slowly  at  ordinary  temperatures, 
quickly  at  the  boiling  heat,  into  ortbophosphoric  acid,  and  the  metaphosphates  of 
sodium  and  barium  are  convertetl  by  boiling  with  water  into  the  corresponding  mono- 
metallic orthophosphates  (see  the  first  three  equations  above). — 0.  The  metapbospbate 
of  a heavy  metal,  silver  or  lead  for  example,  U converted  by  boiling  witli  water  into 
trimctallic  phosphate  and  ortbophosphoric  acid : 

3AgPO>  + 3H«0  = Ag*PO*  + 2^•PO^ 
y.  When  any  metapho.«phate  is  fbsod  with  an  oxide,  hydrate  or  carbonate,  it  becomes 
a trimetallic  orthophosphate:  e.ff. — 

NaPO*  + Na*CO*  = Na*PO*  + CO*. 

On  the  other  hand:  (8),  when  ortbophosphoric  acid  is  heated  to  redness,  it  loses 
water  and  becomes  metaphosphoric  acia;  and  when  a monometallic  orthophosphate  is 
heated  to  redness,  it  also  loses  water  and  is  transfomied  into  a metaphosphate.  Or  if 
one  of  the  bases  of  a dimctallic  orthophosphate  is  volatile,  a metaphosplmtc  is  likewise 
produced  by  heating  tlie  salt  to  redness ; thus  with  sodio-ammonic  orthophosphate 
(microscosmic  salt): 

Na(Xn*)HPO*  - (KlP)HO  - NaPO*. 
f.  A trimetallic  orthophosphate  fused  with  a fixed  anhydride,  silicic  or  boric,  for  ex- 
ample, is  converted  into  a metaphosphate  by  abstraction  of  an  atom  of  base:  thus — 
Na*PO*  -I-  SiO*  - Na»SiO>  + NaPO* 
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'When  phospHoric  anhydride  is  fused  with  the  salt  of  a volatile  anhydride,  an  ortho- 
or  meta-phoepbate  is  produced,  according  to  the  facility  with  wliich  the  volatile 
anhydride  can  be  expelle<l  from  the  base.  Thus  with  sulphate  of  magnesium,  the 
product  is  an  orthophosphate : 

P’0*  + aMg'SO*  - + 3SO>: 

but  with  sulphate  of  potassium,  in  which  the  sulphuiic  anhydride  is  retained  with 
greater  force,  a metaphosphate  is  produced,  thus: — 

P*0*  + K’SO*  =:  2KPO*  + SO*. 

Intermediate  between  ortho-  and  meta-phosphates  there  are  at  least  three  distinct 
classes  of  salts,  the  most  important  which  are  the  pyrophosphates  or  paraphos- 

phates,  M*P*0’  or  M^P'0‘*.  These  salts  may  be  viewed  as  compounds  of  1 at.  ortho- 
phosphate and  1 at.  metaphosphate:  ■■  M*PO*  + MPO*. 

Pyrophosphate  of  sodium  is  produced  by  heating  disodic  orthophosphate  to  redness, 
thus : — 

2Na*HPO*  - Na'P»0»  + H*0. 

The  solution  of  this  salt  yields  insoluble  pyrophosphates  with  lead  and  silver  salts: 
thus  with  nitrate  of  lead— 


Na*P*0'  + 2Pb"N»0*  « Pb»P*0’  + 4NaNO* ; 
and  pyrophosphate  of  lead  decomposed  by  sulphydric  acid,  yields  pyrophosphoric 
acid;  3 W*0' or  2H»0.P*0*; 

Pb*P»0'  + 2H*S  = H*P*0’  + 2Pb"S. 


PjTophosphates  are  easily  converted  into  metaphospbates  and  orthophospbates  (and 
vice  versA)  by  addition  or  subtraction  of  water,  or  a metallic  base. 

o.  Thfl  production  of  a pyrophosphate  from  an  orthophosphate  by  loss  of  water  has 
been  already  mentioned. — Conversely,  when  a pyrophosphate  is  heated  with  water 
or  a base,  it  becomes  an  orthophosphate:  e.  g.— 

Na'P’O’  + IPO  - 2NVIIPO< 

+ 2NaKO  « 2Na*PO*  + H’O. 

y.  Pyrophosphoric  acid  heated  to  dull  redness  is  converted  into  metaphosphoric 
add  : H*P*0’  — H’O  — 2HPO*.  The  converse  reaction  is  not  easily  effecletl,  inas- 
much as  metaphosphoric  acid  by  absorbing  water  generally  passes  directly  to  the  state 
of  orthophosplioric  acid.  Peligot,  however,  observed  the  formation  of  pyrophosphoric 
from  metaphosphoric  acid  by  very  slow  absorption  of  water  (p.  639). — 5.  When  a 
metallic  metuphosphatc  is  treated  with  a proper  proportion  of  a hydrate,  oxide,  or  car- 
bonate, it  is  converted  into  a pyrophosphate : 

2NaPO*  + ^'(l’CO•  = Nn*PK)’  + CO*. 


Fleitmann  and  Henneberg  (Ann.  Ch.  Pharm.  Ixv.  304),  by  fusing  together  an 
atom  of  pyrophosphate  of  sodium,  Na*PO‘.NoPO*,  with  two  atoms  of  m^taphosphate, 
NaPO*,  obtained  a salt  having  the  composition  Na*PO'.3NaPO*  ■=  Na*P'0‘*,  wliich 
is  soluble  without  decomposition  in  a small  quantity  of  hot  water,  and  crystallises  from 
its  solution  by  evaporation  over  oil  of  vitriol.  An  excess  of  hot  water  aecomposes  it, 
but  its  cold  aqueous  solution  is  moderately  permanent.  Insoluble  phosphates  of  similar 
composition  may  be  obtained  from  the  sodium-salt  by  double  decomposition.  Fleit- 
mann and  Henneberg  obtained  another  crystallisable  but  very  insoluble  salt,  having  the 
composition  Na*PO‘.9NaPO*  — Na‘’P'*0*‘,  by  fusing  together  1 atom  of  sodic  pyro- 
phosphate with  8 atoms  of  the  metaphospliate ; and  insoluble  pbusphutes  of  similar 
oonatinition  were  obtained  from  it  by  double  decomposition  (see  further  Uelsmann, 
Ann.  Ch.  Pharm,  cxviii.  99). 

The  relative  proportions  of  base  and  anhydride  in  these  different  phosphates  is  best 
shown  by  accortUng  to  them  all  the  quantity  of  huso  contained  in  the  most  complex 
membi  r of  the  scries,  that  is  to  say,  6 atoms,  os  in  the  following  table: 


Orthophosphate 

Pyrophosphate 

Fleitmann  and  Honneberg’s  Phosphate  (rt) 
Fleitmann  and  Ilcnncberg’s  Phosphate  (6) 
Metapbosphute  . . . * . 


6M’0.2P’O*  - 4M»PO*. 

6M*0.3F’0*  « 3M*P*0’. 
6M*0.4P*0»  « 2M‘P«0'*. 
6M*0.6P*0*  - M‘*P'*0*». 
6M*0.6P*0*  - 12MPO*. 


The  several  modifications  of  phosphoric  acid  and  their  salts  have  been  examined 
chiefly  by  Berzelius  (Ann.  Ch.  Phys.  [2]  ii.  161,  217;  x.  278);  Mitscherlich 
{ibid,  xix.  360);  Gay-Lussac  {ibid,  xli,  331);  Clark  (Ed.  J.  of  Sc.  vii.  298); 
Stromeyer  (Sebw.  J.  Iviii.  123);  Graham  (Phil.  Trans.  1833,  p.  263;  Phil.  Mag. 
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[3]  ir.  401);  MaddroH  (Mem.  Chem.  Soc.  iii.  273;  Ann.  Ch.  Pharni.  Ui.  63); 
Kammelsberg  (Ann.  Ch.  Pluirm.  Ivi.  210;  Ixxii.  260;  Jahresb.  1847-8,  p.  338); 
Sch warzenberg  {ihid.  Ixv.  133;  JaJireftb.  1847-8,  p.  346);  Per80£(Ann.  Ch. 
Pharm.  Ixv.  163;  Jahresb.  1847-8,  p.  352);  I'leitmann  and  Henneberg  (Ann.  Cli. 
Phann.  Ixv.  304,  387;  Jahresb.  1847-8,  pp.  354,  357);  H.  Rose  (Ann.  Ch.  Pharm. 
Ixxvi.  2,  13;  Ixxvii.  319;  Jahresb.  1847-8,  pp.  231,  351);  Vogeli  (Ann.  Ch.  Pharm. 
Ixix.  180;  Jahresb.  1847-8,  p.  694);  Heintz  (Ann.  Ch.  Pharm.  Ixviii.  257,287; 
Ixxii.  264;  Jahre>b.  1847-8,  p.  342;  1849,  p.  534);  Raewaky  (Compt.  rend.  xxvi. 
205 ; Jahresb.  1847-8,  p.  240) ; Baer  (Ann.  Ch.  Pharm.  Ixriii.  256;  Jahresb.  1847-8, 
p.  310) ; Wert  her  (Ann.  Ch.  Phann.  Ixviii.  312 ; Jahresb.  1817-8,  p.  419)  ; Ludwig 
(Jahresb.  1847-8,  p.  339 ; 1849,  p.  230 ; 1852,  p.  361) ; Fleitman  n (Ann.  Ch.  Pharm. 
Ixxii.  231 ; Jahresb.  1849,  p,  233);  Reynoso  (Ann.  Ch.  Pharm.  Ixxxiii.  98;  Jahresb. 
1852,  p.  318);  Marignae  (Ann.  Ch.  Pharm.  Ixxxriii.  232;  Jahresb.  1863,  p.  339); 
I'reaeniu.s  (Ann.  Ch.  Pharm.  Ixxxvi.  p.  216;  Jahresb.  1853,  p.  322);  Brandea 
(Ann.  Ch,  Pharm.  Ixxxviii.  272  ; Jahresb.  1853,  p.  381). 

MsTAPHosPHonic  ACID,  HPO*  =*  h|^  “ ^^1^^  1^*  n*O.P*0*. — This 

acid,  discovered  by  Graham,  is  obtained,  as  already  observed,  by  acting  on  phosphoric 
anhydride  with  cold  water,  or  by  heating  orthophosphoric  or  pyrophosphoric  acid  to 
re^lness.  Orthophospbato  of  ammonium  may  substituted  for  the  orthophosphoric 
acid;  but  it  is  difficult  to  expel  the  last  traces  of  ammonia.  Metaphosphoric  acid  is 
also  prepared  by  decomposing  some  of  its  salts  with  another  acid,  as  by  exposing  the 
lead-salt  suspended  in  water  to  a current  of  sulphydric  acid  gas. 

3Ietaphosphoric  acid  in  the  solid  state,  as  obtained  by  evaporating  its  solution  and 
heating  the  residue  to  redness,  or  by  boiling  ortho-  or  pyrophosphoric  acid  to  redness^ 
forms  a transparent,  colourless,  glassy,  uucrystallUable  mass,  which  dis.solves  slowly 
though  somewhat  abundantly  in  water,  forming  a strongly  acid  liquid.  Its  solution 
gives  white  precipitates  witn  solutions  of  albumin^  nitrate  of  silver,  and  chloride  of 
barium.  The  la-st-mcntioncd  precipitate  is  soluble  with  difficulty  in  a laign  excess  of 
the  acid.  With  molybdate  of  amn/wnium  it  gives  no  precipitate  or  coloration,  until,  by 
the  action  of  the  free  nitric  acid  present,  it  has  been  fairly  converted  into  orthophos- 
phoric acid. 

Metaphosphoric  acid  is  converted  slowly  at  ordinary  temperatures,  quickly  at  tho 
boiling  neat,  into  orthophosphoric  acid,  without  passing  through  the  intermediate  stage 
of  pyrophosphoric  acid.  Metaphosphoric  acid  volatilises  completely  at  a bright 
heat,  but,  according  to  H.  Ros  e,  its  composition  varies  during  the  volatilisation,  the 
lust  portions  volatilised  consisting  of  metaphosphoric  acid  and  phosphoric  anhydride  ; 
but  metaphosphoric  acid  cannot  be  completely  dehydrated  by  heat,  or  indeed  by  any 
known  process. 

Metaphosphates,  ISIFO*  or — These  salts  are  produced:  1.  By  treating 
the  acid  with  bases. — 2.  By  igniting  a monometallic  orthophosphate  of  fixed  base,  or  a 
dimetuHic  orthophospliate  having  one  fixed  and  one  volatile  base  (aramonio-sodic  phos- 
phate, for  example),  or  a monometallic  pyrophosphate. — 3.  By  duuble  decomposition, 
tho  insoluble  metaphosphates  of  silver,  lead,  and  barium,  for  example,  from  rocta- 
phosphate  of  sodium,  and  the  ammonium-salt  by  decomposing  metaphosphate  of  lead 
wth  sulphide  of  ammonium. — 4.  By  heating  triractallic  orthophosphates  or  dimetallic 
pyrophosphates  with  the  proper  proportions  of  pho.sphoric  anhydride  or  acid ; thus — 

Na>PO*  + P’0*  - 3NaPO*. 

Na^P’O'  -I-  PH)»  - 4NuPO*. 

Metaphosphates  may  therefore  be  regarded  as  anhydro-salts  of  orthophosphates  and 
pyrophosphates,  a ivlation  further  exhilnted  by  the  behaviour  of  sodic  or  calcic  meta- 
pliosphate  when  heatfKl  with  charcoal,  the  salt  then  splitting  up  Into  a trimetalUc 
orthffphosphate  irreducible  by  the  charcoal,  and  phasphoric  anhydride,  which  is  decom- 
posed by  tlie  charcoal  into  carbonic  oxide  and  pnospnorus  vapour  (p.  600). 

3Ietaphosphutes  of  alkali-metals  are  fusible,  soluble  salts,  not  usually  crystalline. 
The  metnpbosphiites  are  readily  decomposed  by  other  acids:  thus  even  acetic  acid  will 
decompose  metuphospbate  of  senium,  as  shown  by  tho  fact  that  a mixture  of  acetic  acid 
and  metapUosphato  of  sodium  precipitates  albumin,  although  neither  reagent  separately 
will  produce  tliat  effect.  The  circumstances  under  which  metaphosphatos  arc  con- 
verted into  pyrophosphates  and  orthophosphates  have  been  already  considered. 

Modifcatiims  of  Mtlapfu.>sphates. — The  metaphosphates  are  remarkable  for  ex- 
liibiting  very  different  properties,  according  to  tho  manner  in  which  they  are  prepared. 
Those  differences  arc  generally  attributed  to  polymeric  modifications,  the  formulm  of 
wliieh  arc  determined  chiefly  by  tho  relative  numbers  of  atoms  of  tho  two  buses  con- 
tained in  the  rc8j)octive  double  salts. 
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a.  Hfxmetaphotphate$,  M*P*0**. — 0rdinai7  metaphosphoric  acid,  obtained  by  the 
processes  aboTO  described,  forms  double  salts  contnitiing  quantities  of  monatomic  metul 
in  the  ratio  of  5 at.  to  1 at,  or  equivalent  quantities  of  diatomic  metal — the  calciu* 

sodic  salt,  for  example,  having  the  composition  Cn*Ka^PO*)'*  or  2NaP0*5Ca''F'0* 
The  ordinary  sodium'metaphospbate,  obtained  by  igniting  monot^odic  orthophosphate 
and  sudden  cooling,  forms  a vitreous  mass,  the  aqueous  solution  of  which  gives  gela* 
tinous  precipitates  with  the  salts  of  the  heavy  metals  and  alkaline  earth*metuls. 

/8.  TrimttapkosphaUi,  M*P‘0*. — Wlien  a considerable  quantity  of  ordinary  fused  sodic 
meUipbosphate  is  allowed  to  cool  very  slowly,  the  salt  in  solidifying  acquin>8  a beauti- 
fully  erystallino  structure ; and  when  this  mass  is  digested  in  a slight  excess  of  warm 
water,  the  liquid  separates  into  two  layers,  the  larger  stratum  containing  the  crystalline 
and  the  smaller  stratum  the  ordinary  vitreous  salt.  The  solution  of  the  crystalline 
variety  gives  hydrated  crystalline  precipitates  with  salts  of  the  heavy  metals.  The 
formulm  of  the  crystalline  silver-salt  thus  produced  is  3AgP0*.H*0.  The  meta- 
pbosphoric  acid  obtained  hxim  these  salts  forms  double  salts  containing  2 at  of  one 
monatomic  metal  to  1 at.  of  another,  or  quantities  of  diatomic  metals  equivalent  to 
these. 

y.  ViTnetaphosphatfs^  M*P*0*. — When  oxide  of  copper  and  a slight  excess  of  aqueous 
phosphoric  acid  are  heated  together  to  350^,  a crrstallino  powder  is  formed,  insoluble 
in  W'ater,  but  soluble,  with  the  aid  of  beat,  in  sulpbnric  acid  and  in  ammonia.  The 
corre.sponding  metaphosphates  of  the  alkali-metals,  which  aro  obtained  by  treating  the 
copper-salt  with  sulphide  of  potassium,  &c.,  uro  soluble  in  water,  ciystallisuble,  and 
converted  by  heat  into  insoluble  salts.  These  metaphosphates  have  a strong  tendency 
to  form  double  salts,  all  of  which  contain  equal  or  equivalent  numbers  of  atoms  of  the 
two  bases.  For  example,  on  mixing  a concentrated  solution  of  the  potassium-salt  with 
chloride  of  sodium,  or  of  the  sodium-salt  with  chloride  of  potassium,  a crystalline  doublo 
salt  is  obtained,  having  the  composition  NaKP^OMI^O.  Again,  concentrated  solutions 
of  the  ammonium-salt  and  cupric  chloride  mixed  together,  deposit,  on  addition  of  alcohol, 
blue  crystalline  needles,  having  the  composition  (NH*)^u*P‘0’*.2H*0. 

9.  Tetramttaphosphai€3,  M*P'0’*.— Another  variety  of  metaphosphate  is  formed  by 
healing  phosphoric  acid  with  oxide  of  lead,  bismuth,  or  cadmium,  or  with  a mixture  of 
2 at.  sodic  hydrate  and  1 at.  cupric  oxide.  The  lead-salt  is  easily  decomposed  by 
alkaline  sulphides,  and  yields  the  corresponding  salts  of  the  alkali-metals.  The 
sodium-salt  in  combination  with  wuter  is  viscid  and  elastic,  and  forms,  with  a larger 
quantity  of  water,  a gummy  mass,  which  will  not  pass  through  a filter.  The  double 
salts  of  this  variety  of  metaphosphoric  acid  contain  equal  or  equivalent  numbers  of 
atoms  of  their  two  bases,  like  those  of  the  preceding ; but  as  they  differ  in  physical 
properties,  it  is  probable  that  they  are  polymeric  with  the  latter,  the  sodio-cuprxc 

salt,  for  example,  having  the  composition  Na*Cu’P*0**. 

e.  Mononuiaphoftphatfs,  MPO*. — Lastly,  there  is  a variety  of  roetaf^iosphates  die- 
covered  by  Maddrull  (Mem.  Chem.  Soc.  iiL  373)  which  are  remarkable  fur  their 
insolubility  in  water.  The  potassium-salt  is  product  by  igniting  hydrate  of  potassium 
and  phosphoric  acid  together  in  equivalent  proportions ; the  ammonium-salt  by  healing 
dimc'taphosphato  of  ammonium  to  250^.  These  motaphosphates  aro  also  formed  by 
adding  phosphoric  acid  in  excess  to  solutions  of  sulphates  or  nitrates,  evaporating  to 
dryness,  and  heating  the  residues  to  316®  or  upwards.  They  are  crystalline  anhy- 
drous powders.  There  are  no  double  salts  of  this  variety. 

Pyrophosphobic  Acid,  H*P*0’ = “ n*PO*JIPO*  « 2I1*0.P’0*. 

— This  acid,  discovered  by  Dr.  Clark  of  Aberdeen,  may  be  prepared  by  evaporating  a 
solution  of  orthopbospboric  acid  till  its  temperature  rises  to  215®,  but  the  product  is 
always  somewhat  contaminated  with  unchanged  orthophosphoric  acid.  A purer  product 
is  obtained  by  ducomposiog  pyrophosphate  of  lead  with  sulphydric  acid,  and  evaporating 
the  hitrate  till  it  attains  the  temperature  above  mentioned.  As  thus  prepared  it  forms  a 
soft  glass.  Peligot,  however,  found  (Ann.  Cb.  Phys.  [2]  Ixxiii.  286)  that  fused 
phosphoric  acid  (metaphosphoric  acid),  left  to  itself  in  a bottle  for  several  years, 
during  which  time  it  absorbed  water,  formed  at  the  top  transparent  crrstals  of  ortho- 
phospnoric  acui,  in  the  middle  a mother-liquid  of  specific  puvity  1*7,  and  at  the  bottom, 
opaque  indistinct  ciystals  of  pyntpbosphoric  acid  ri‘Scmbling  loaf-sugar. 

Pyrophosphoric  acid  is  converted  into  mctaphosphoric  aci<l  when  heated  to  redness, 
and  into  orthopbospboric  acid  when  boiled  with  water.  The  last  conversion  takes 
place  also  at  ordinary  temperatures,  but  very  slowly,  so  that  the  aqueous  acid  may  bo 
kept  unaltered  for  even  half  a year  (Graham).  Pyrophosphoric  acid  in  aqueous 
solution  does  not  precipitate  albumin^  chloride  of  bariutn^  or  nitrate  of  silver^  but  after 
neutmlisution  it  gives  white  precipitates  with  the  last  two  reagents. 

Pyrophosphates. — Pyrophosphoric  acid  being  tetrabasic  is  capable  of  forming 
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four  classes  of  salts,  three  acid  and  one  neutral,  represented,  in  the  case  of  mouatoroic 
metals,  by  the  formulte  : 

M»n»P*0»,  M>HP*0\  and  M'P’O'. 

The  neutral  pyroph(«phate8  may  l>e  produced,  as  already  observed,  by  ignitinf?  dime- 
tallic  orthophosphates ; also,  by  ncutralisiug  the  acid  with  bases,  or  by  beating  any 
form  of  phosphoric  acid,  or  a metaphosphate,  with  a quantity  of  oxide,  hydrate  or  car- 
bonate, sufficient  to  furnish  the  required  quantity  of  base : e.  g.— 

2nPO>  + 2Na’CO»  - Ka«P»0'  + 2CO*  + H*0. 

2SaPO*  + 2NaHO  - Na'P’O'  + JVO. 

Acid  pyrophosphates  may  be  prepared  by  neutralising  one  quantity  of  the  acid  with  a 
base  and  adding  thereto  one^tnird,  or  one,  or  three  more  projHirtions  of  acid. 

Many  pyrophosphutt's  are  formed  by  double  decompoeition.  Solutions  of  pyrophos- 
phates, even  when  much  diluted,  give  precipitates  with  salts  of  cahium,  barium^  Uad, 
and  silvrr.  The  precipitates  formed  % sodic  pyrophosphate  in  solutions  of  co/jper, 
nickel^  and  some  other  mt'tals,  are  double  salts,  containing  2 at.  sodium  to  3 at.  of  the 
diatomic  metal  (p.  237)  *.  e.  g. — 

2Na<P*0"  + 3Cu"Cl»  - Ci>Na*P‘0'*  + 6NaCl. 

This  constitution  is  exhibited  by  most  of  the  double  pyrophosphates,  and  seems  to 
favour  the  notion  that  these  suits  are  com[x)unds  of  orthophosphates  and  metaphos- 
phates; thus,  Cu’Nan»‘0‘*  = Cu>TO'.2NaPO>. 

Among  neutral  pyropliosphatts,  those  of  the  alkali-metals  only  are  soluble  in  water ; 
their  solutions  have  a slight  alkaline  reaction,  and  cannot  be  boiled  without  conversion 
into  orthophosphates.  The  other  salts  are  soluble  in  acids,  and  generally  in  an  excess 
of  sodic  pyrophosphate,  forming  the  double  salts  just  mentioned,  which  exhibit  a pf'CU- 
liur  behaviour  with  reagents.  Thus,  from  a solution  of  ferric  or  manganous  p^Tophu6- 
pliate  in  pyrophosphate  of  sodium,  the  hea^  metal  can  scarcely  bo  precipitated  V>y 
Bulphydnc  acid  or  sulphide  of  ammonium.  The  insoluble  pyrophosphates  arc  soluble 
also  in  excess  of  tlie  heavy  metallic  salt  from  which  they  are  precipitated;  the  solution 
is  precipitated  by  heat,  and  the  precipitate  is  not  redissolved  on  cooling — as  is  the  caso 
with  orthophosphates  under  similar  circumstances.  The  alkaline-earthy  pyroplios- 
phates  dissolve  with  difficulty  in  acetic  acid. 

When  a pyropliosphato  containing  a metal  reducible  from  its  oxide  by  heat  alone  la 
ignited  in  a stream  of  hgdrogtn^  the  metal  is  reduced,  and  water,  phosphoric  aci‘l,  and 
other  phosphorus-compounds  are  separated;  if  the  oxide  is  irreducible  by  itself,  but 
re<lucible  by  hydrogen,  a metallic  phosphide  is  formed,  while  water  and  various  phos- 
phorus-compounds escape;  if  the  oxide  is  not  reducible  by  hydn.»^n,  the  pyropboe- 
piiate  is  resolved  into  an  orthophosphate  and  phosphoric  anhydride  a 

4M'PO*  + P*0^),  which  latter  is  partly  decomposed  into  phosphorous  acid,  photpho- 
rettod  hydrogen,  and  red  phosphorus.  (Strnve,  J.  p.  Chem.  Ixxix.  346  ) 

The  other  reactions  by  which  pyrophosphates  are  converted  into  ortho-  and  meta- 
phospbates  have  been  already  considered. 

OuTHOpHOsruoKic  ACID,  H’PO*  — “*  ^^11*  1^'  3HH).P*0*. — 

This  acid  is  produced,  as  already  observed : 1.  By  the  action  of  boiling  water  on 
phosphoric  annydride,  metaphosphoric  acid,  or  pyrophoemhoric  acid. — 2.  By  the  com- 
bustion of  phospboretted  hyarogen  in  air  or  oxygen. — 3.  By  the  oxidation,  spontaneous 
or  otherwise,  oi  bypophosphorous  and  phosphorous  acids. — 4.  By  oxidising  phosphorus 
with  nitric  or  hypochlorous  acid. — 5.  By  decomposing  its  salts  with  acids,  tricolcie 
phosphate  (bone-earth)  for  example,  with  sulphuric  acid,  or  phosphate  of  lead  with 
Bulphydric  acid. — 6.  By  the  action  of  water  on  phosphoric  oxycliloride : 

PCI'O  + 3H»0  «.  H*P0<  + 3HC1. 

Pontachloride  of  phosphorus,  acted  upon  by  a small  quanti^  of  water,  yields  phosphoric 
oxychloride : 

PCI*  + H»0  = 2HC1  + pa*o, 

which  may  be  converted  by  a larger  quantity  of  water  into  phosphoric  acid. 

Preparation. — 1.  Pg  the  action  of  Nitric  Acid  on  Pho»p\jru4. — One  part  of 
phosphorus  is  heated  in  a retort  with  about  16  pts.  of  dilute  nitric  acid  of  specific 
gravity  1*2  until  it  is  dissolved.  The  distillate  which  contains  some  phosphorous  acid 
IS  then  returned  to  the  retort,  and  the  entire  liquid  is  c\*aporated  down.  At  a certain 
dt'gree  of  concentration,  a very  considerable  effervescence  occurs,  due  to  the  oxidation 
of  the  phosphorous  acid  into  phosphoric  acid.  Small  quantities  of  nitric  acid  arc  then 
added  from  time  to  time,  ontu  the  last  addition  no  longer  produces  effervescence,  after 
which  the  liquid  is  evaporated  to  expel  the  nitric  acid.  If  the  evaporatiou  is  carried 
so  far  os  to  produce  pyrophoi>])lioric  or  even  metaphosphoric  add,  the  residue  is  to  bo 
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boiled  for  a abort  time  in  water,  whereby  these  last  two  acids  are  roconrcrtod  into 
orthophosphoric  acid. 

2.  From  Bone-a»h. — Bono^ash  is  decomposed  by  sulphuric  acid,  as  described  on 
page  600,  and  the  acid  solution  filtered  from  the  insoluble  gypsum  is  concentrated  to  a 
small  bulk  and  mixed  with  more  sulphuric  acid,  whereby  a further  precipitate  of 
l^peum  is  formed,  which  after  dilution  with  water  is  separated  by  straiumg  througli 
linen.  This  operation  of  eTaporation  to  a small  bulk,  treatment  with  sulphuric  acid, 
dilution  with  water,  and  filtration,  is  repeated  a second  and  even  a third  time,  till  the 
lime  is  completely  removed.  The  acid  is  next  evaporated  to  a s^*rup,  and  gently 
ignited  to  expel  the  sulphuric  acid.  The  residue,  which  still  contains  magnesia  and 
e^a,  derived  from  the  bone-ash,  is  freed  from  tlie  greater  part  of  these  impurities  by 
solution  in  boiling  water,  concentration,  and  heating  for  about  half  an  hour  to  316^. 
A wliite  powder  then  separates,  consisting  of  sodio-magnesic  metaphosphatc,  SMg'T^O*. 
2NaPO*.  The  syrupy  mass  is  left,  to  cool,  afterwards  dissolved  in  cold  water, 
and  the  liquid  is  filtei^.  The  filtrato  when  boiled  constitutes  a solution  of  ortho- 
phosphoric  acid,  contaminated  with  a trace  of  sodium,  but  otherwise  pure.  To  obtain 
a perfectly  pure  phosphoric  acid,  recourse  must  be  had  either  to  the  oxidation  of 
phosphorus  with  nitric  acid  or  to  the  following  process. 

3.  Fnrm  Pentaehloride  of  Pho9j>horus. — Cmorine  is  passed  in  excess  through 
phosphorus  melted  under  water,  whereby  pentaehloride  of  phosphorus  is  produced,  and 
immediately  decomposed  by  the  water  into  hydrochloric  and  ortbopbosplmric  acids : 

PCI*  + 4HH)  « H*PO*  + 5HCL 


The  phosphoric  acid  may  be  freed  from  hydrochloric  acid  by  ebullition. 

Propertiez. — Orthophosphoric  acid  may  be  obtained  in  hard,  transparent,  prismatic 
crystals,  by  concentrating  its  solution  to  a thin  syrup,  and  then  allowing  it  to  stand  for 
some  time  over  oil  of  vitriol. 

According  to  Schiff  (Ann.  Ch.  Pharm.  cxiii.  183),  the  specific  gravity  of  tho 
aqneous  solution  varies  with  its  strength  in  the  manner  shown  by  the  following 
tabic : 


ParemUge  of 

wro*. 

6 . 

12  . 

18  . 


Specific  graTlIj 

at 

1*0333 

1*0688 

1*1065 


PerrenUge  of 

24  . 

36  . 

54  . 


Specific  graTtty 
at  16®. 
1*1463 
1*2338 
1*3840 


Tho  aqueous  solution  may  be  heated  to  160^  without  altering  tho  character  of  the 
acid;  but  at  213®  it  is  converted  principally  into  pyrophosphoric  acid,  while  above 
this  temperature  metaphosphoric  acid  begins  to  be  formed,  and,  after  the  application  of 
a full  rea  heat,  constitutes  the  entire  residue. 

Aqueous  orthophosphoric  acid  has  a strong  acid  reaction,  and  at  a boiling  heat 
decomposes  the  salts  of  most  volatile  acids.  It  does  not  precipitate  solutions  of 
albumin,  chloride  of  barium,  nitrate  of  silver,  or  ferric  chloride,  until  completely  or 
partially  neutralised,  when  it  gives  the  reactions  presently  to  be  described. 

Orthophosphates. — MII’PO*  and  M’'1I*P*0*,  monometallic  or  diacid  salts; 

M*HPO*  and  WTlPO\  dime taliic  or  monoacid  salts;  M’PO*,  and  3I"'PO*, 

trimetallic,  nevtral,  or  normal  salts.  There  are  also  superbasic  orthophosphates,  many 
of  which  occur  as  natural  minerals — e.g.  green  ironstone,  Fe*PO\Pe"H*0* ; 
tutquois,  ArPO*.Ar''H>OMI*0. 

Many  other  phosphates  are  also  found  in  nature,  though  rarely  in  a state  of  purity ; 
they  frequently  occur  mixed  in  various  proportions  with  arsenates,  with  which  they  are 
isomorphous.  Several  native  phosphates  are  found  in  combination  with  fluorides  or 
chlorides — the  apatites  and  xoagnerites,  for  example.  H.  Deville  and  Caron  (Ann. 
Ch.  Pharm.  cix.  242)  have  prepared  crystallised  compounds  of  this  kind  by  igniting  n 
trimetallic  phosphate  with  an  excess  of  the  corresponding  chloride  or  fluoride,  and 
washing  out  the  excess  of  the  chloride  or  fluoride  from  the  crystallised  compound, 
which  separates  on  cooling. 

The  phosphates  of  the  alkali-metals  are  usually  prepared  by  treating  phosphoric 
acid  or  dicalcic  phosphate  (supeijbosphate  of  lime)  with  alkaline  hydrates  or 
carbonates.  Dicalcic  phosphate  boiled  with  solution  of  sodic  carbonate  yields  the 
ordinary  disodic  phosphate,  and  from  this  the  monosodio  and  trisodic  salts  are 
obtained  by  the  addition  of  phosphoric  acid  and  caustic  soda  respectively.  The 
potOKsium  and  ammonium-salts  may  be  prepared  in  a similar  manner.  Insoluble 
phosphates  are  prepared  by  precipitating  soluble  salts  of  the  respective  metals  with 
alkaline  phosphates. 

Among  trimetallic  phosphates,  those  only  of  the  alkali-metals  are  soluble  in  water. 
Tho  solutions  have  a strong  alkaline  reaction,  whence  these  salts  were  formerly  called 
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basic  photpkata : they  are  decomposed  even  by  carbonic  add,  producing  mixtures  of 
alkaline  carbonate  and  dimetallic  phosphate : e.g. — 

Na>PO*  + H'CO*  « Na*HPO*  + NaHCO>. 

Among  dimetallic  phosphates,  those  of  the  alkali*metals  are  soluble  in  water.  They 
are  often  called  neutral  phoaphatrs,  though  their  solutions  have  a feebly  alkaline 
reaction.  The  remaining  dimetallic  phosphates  are  unstable,  and  generally  insoluble 
compounds,  which  have  a strong  tendency  to  decompose  into  soluble  monometallic  and 
insoluble  trimetallic  salts. 

The  monometallic  phosphates  are  all  soluble  in  water,  forming  strongly  acid  solu- 
tions. Most  trimetnllic  phosphates  dissolve  to  a greater  or  less  extent  in  aqueous  phos- 
phoric, nitric,  and  hydrochloric  acids,  being  probably  converted  at  the  same  time  into 
monometallic  salts;  but  monometallic  pho.npWes  of  the  heavy  metals  are  not,  except 
in  a few  instances,  known  as  definite  compounds. 

Under  ordinary  circumstances  the  heaiyr  metals,  silver  and  lead  for  instance,  form 
only  one  class  of  orthophosphates,  viz.  the  lrim*'tallic  phosphates;  consequently,  when 
a solution  of  a monometallic  or  dimetallic  phosphate  of  alkali-metal,  which  is  either 
neutral  or  slightly  alkaline  to  test-paper,  is  added  to  a j>erfectly  neutral  solution  of 
nitrate  of  silver,  or  other  heavy  metallic  salt,  a precipitate  of  trimetallic  phosphate  is 
produced,  aud  free  acid  passes  into  the  solution,  so  that  the  liquid  acquires  a strong  acid 
reaction  ; e.  g. — 

NaU'PO*  + 3AgNO>  « Ag*PO*  + KaNO*  + 2HN’0*. 

Na*UPO‘  + 3AgNO>  - Ag*PO*  + 2NaNO»  + HNO». 

lieactions. — 1.  Soluble  orthophosphates  give  with  nitrate  of  siVrer  a lemon-yellow 
precipitate  of  triargentic  phosphate,  Ag’PO*,  soluble  in  nitric  acid  and  in  ammonia. 

2.  With  acetate  or  nitrate  of  lead  they  form  a white  precipitate  of  triplumbic  phosphate, 

rb*P^’,  insoluble  in  ammonia  and  acetic  acid,  soluble  in  nitric  acid.  If  a chloride  is 
present,  the  precipitate  contains  chloride  of  lead  chemically  combined  with  the  phos- 
phate. Phosphate  of  load  fused  before  the  blowpipe  forms  a crystalline  bead  on  cooling. 

3.  With  the  cKloridfs  of  barium  and  calcium,  orthophosphates  give  white  pre- 
cipitates of  dimetallic  phosphates,  Ba*'HPO*  and  Ca*llPO\  easily  soluble  in  nitric, 
hydrochloric,  and  acetic  acid. 

4.  With  sulphate  or  chloride  of  inagneaiamt  to  which  ammonia  and  chloride  of  am- 
monium have  been  added,  they  give  a white  crystalline  precipitate  of  ammouio-mag- 
nesian  phosphate,  (Nil*)’Mg*P^0M2U*0,  easily  soluble  in  aU  acids,  sbghtly  soluble 
in  pure  water,  but  absolutely  insoluble  in  water  containing  free  ammonia,  even  in  pnnienco 
of  excess  of  ammoniacal  s^ts.  In  very  dilute  solutions  the  precipitat;»  forms  very 
slowly ; its  deposition  is  accelerated  by  scratching  with  a glass  rod  the  inside  of  the  vessel 
containing  the  solution. 

6.  With  ferric  chloride^  soluble  orthophosphates  give  a yellowish-white  precipitate  of 
ferric  phosphate,  Fe'TO*,  soluble  in  hydrochloric  acid,  in  excess  of  ferric  chloride,  in 
ferric  acetate,  and  in  ammonia,  but  absolutely  insoluble  in  acetic  acid ; so  that  it  forms 
when  acetate  of  sodium  is  added  to  its  solution  in  liydroohloric  acid,  or  when  acetate 
of  sodium  and  a little  ferric  chloride  are  added  to  the  solution  of  an  alkaline-earthy 
phosphate.* 

6.  Uranic  nitrate  behaves  with  soluble  orthophosphates  in  the  same  manner  os  ferric 
salts. 

7.  Mercurous  nitrate  gives  with  soluble  orthophosphates  a white  precipitate 
easily  soluble  in  nitric  acid.  If  the  solution  of  any  orthopho.^nliato  in  excess  of  nitric 
acid  is  evaporated  over  the  water-bath  to  complete  dryness  with  excess  of  metallic  mer- 
cuiy,  and  the  dir  residue  (which  contains  no  free  acid)  is  treated  with  water,  all  the 
metals  contained  in  the  phosphates  are  dissolved  as  nitrates,  while  the  whole  of  the 
phosphoric  acid  remains  undissolved  as  mercurous  phosphate.  This  reaction  is 
employed  by  H.  Rose,  for  the  separation  ot  phosphoric  acid  from  all  metals  except 
mercury. 

8.  With  nitrate  of  bismuth^  soluble  orthophosphates  give  a white  precipitate  of 
bismuth-phosphate,  Bi'*PO*  insoluble  in  dilute  nitric  acid. 

9.  When  a solution  of  molybdate  of  ammonium  is  added  to  the  solution  of  any  ortho- 
phosphate containing  free  nitric  acid,  and  the  whole  is  heated,  the  solution  immediately 
turns  yellow,  and  a bright  yellow  precipitate  of  phosphomolybdato  of  ammonium  is 
formed  either  immediately  or  after  some  time.  This  precipitate  is  insoluble  in  acids, 
soluble  in  ammonia  or  in  excess  of  the  phosphate ; hence  this  reaction  is  peculiarly 
fitted  for  the  detection  of  small  traces  of  phosphoric  acid  (as  in  minerals,  soils,  or  the 
deposits  from  mineral  springs). 

* Ar«enic  f.ckl  exliiblU  Uiit  reaction  at  well  at  plintphorlc  acid  ; and  aluminimu-iaUt  arc  precipitated 
oader  t)>e  tame  circomuancct,  though  iiut  to  cotnidcieljr  at  ferrk  talti. 
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PHOSPHORIC  ACID  (ESTIMATION). 

For  the  detection  of  orthophosphoric  acid  in  neutral  or  alkaline  eolations,  chJoridfOf 
ammonium^  ammonia,  and  a magmsiumsalt  are  generally  employed — in  an  acid  eolation, 
ferric  chloride  and  acetate  of  »odium.  The  most  delicate  reagent  of  all  is  moft/ltdatc  of 
amvionium.  Arsenic  acid,  which  exhibits  all  these  reactions,  is  easily  distinguished 
from  phosphoric  acid,  and  if  present  may  be  entirely  removed,  by  pjissing  sulphydric 
acid  gas  through  the  solution  previously  mixed  with  sulphurous  arid  (i.  638).  Met  u - 
phosphoric  and  pyrophosphoric  acids  ore  distinguishcnl  from  orthophosphoric 
acid  by  their  reaction  with  nitrate  of  silver  (the  fumer  also  by  its  property  of  eoagu* 
lating  albumin,  p.  636);  also  by  molybdate  of  ammonium,  with  which  they  do  not 
produce  any  yellow  precipitate  or  coloration  until  they  are  converted  by  the  free  nitric 
acid  present  into  orthophosphoric  acid. 

Tnmctallic  orthophosphates  of  fixed  bases  are  not  at  all  decomposed  by  ignition  ; 
dimetallic  and  monometallic  phosphates  are  converted  by  ignition  into  pyrophospluites 
and  metaphospbates  respectively,  trimetallie  phosphates  of  alkali-metals  and  alkaline 
earth-metals  ore  not  decomposed  by  ignition  with  charcoal,  but  the  mono-  and  dimetallic 
phosphates  of  these  bases  are  decomposed  into  trimetallie  phosphates  and  free  phosphorus 
(p.6()0).  The  trimetallie  phosphates  of  the  heAvy  metals,  on  the  contrary,  are  decomposed 
by  ignition  with  charcoal,  generally  yielding  metallic  phosphides;  but  the  lead-salt  yields 
metallic  lead  and  phosphorus-vapour.  The  several  pliosphatesof  magnesium  when  heated 
with  charcoal  give  off  phosphorus  and  leave  magnesia.  PotauBtum  or  $odium  heated  with 
phosphates  effiKrts  a reduction  of  the  salts  and  formation  of  a phosphide  of  the  alkali- 
metal,  which  gives  off  phosphoretted  hvdrogen  when  moistened  with  water.  The  alka- 
line-earthy phosphates  aro  only  partially  decomposed  by  fusion  with  an  alkaline  car- 
bouate,  wliile  most  other  insoluble  phosphates  {c.g.  those  of  magnesinm,  zinc,  copper, 
manganese,  and  iron)  are  completely  decomposed  by  this  means;  the  fused  mass 
always  contains  orthophosphoric  acid.  By  boiling  in  a solution  of  caustic  alkali 
or  alkaline  carbonate  the  insoluble  phosphates  are  only  partially  or  not  at  all  decom- 
posed. Phosphate  of  aJnminium  can  only  be  decomposed  (in  the  dr)'  way)  by  fusion 
with  ita  own  weight  of  silica,  and  six  times  its  weight  of  sodic  carbonate. 

Quantitative  Analgtii  of  Phoiphatee : Ksti motion  and  Separation  of 
Phosphoric  Acid. 

1.  Estimation  bg  means  of  Lead-oride. — When  phosphoric  acid  exists  in  a solution 
containing  no  fixe^  base,  and  no  other  add  except  nitric  add,  it  may  l>e  c-stimatc'd 
by  adding  a known  weight  of  lead-oxide,  then  evaporating  and  calcining  in  the  manner 
alrmdy  descril)ed  for  the  estimation  of  bypophospliorous  acid  (p.  524).  This  method 
is  directly  applicable  to  the  estimation  of  phosphoric  acid  in  all  its  modifications. 

2.  Bg  precipitation  as  Ammonio-magnesian  Phosphate. — 'I'he  precipitation  of  ortlio- 

fihosphone  acid  from  an  aqueous  solution  in  which  it  exists  in  the  free  state  or  com- 
lined  with  an  alkali,  is  l>est  effected  by  the  addition  of  sulphate  of  roaguesium  and 
excess  of  ammonia,  chloride  of  ammonium  being  likewise  added  to  prevent  the  predpi- 
tatioD  of  magnesia  in  the  form  of  hydrate.  The  phosphoric  acid  is  then  precipitated  as 
ammonio-magnesian  phosphate,  (NH*)*Mg*P*0*.  The  precipitate  does  not  settle  down 
at  once,  but  its  deposition  may  l>e  accelerated  by  leaving  the  vessel  in  a warm  place. 
Care  must  be  taken,  however,  not  to  allow  the  liquid  to  b<*corae  very  hot,  as  in  that 
case  hydrate  of  magnesium  will  be  precipitated,  and  will  l>e  very  difficult  to  redissolve. 
The  precipitate,  after  standing  for  al>out  two  hours,  is  collected  on  a filter  and  washed 
with  water  containing  ammonia,  as  pure  water  decom{)os(’S  it.  It  is  then  dried  and 
ignited,  whereby  it  is  converted  into  pyrophospluite  of  mugnosium,  Mg‘'0.P’0*  or 
Mg*P*0',  containing  63-67  per  cent,  of  phosphoric  anhydride,  P*0*  and  27  (^8  per 
cent,  of  phosphorus. 

If  the  phosphoric  acid  is  in  the  state  of  meta-  or  pyrophosphoric  add,  it  must  first  be 
eonvorted  into  the  orthophosphoric  acid  by  facing  the  salt  with  five  or  six  times  its  weight 
of  carbonate  of  sodium,  or,  better,  with  a mixture  of  carbonate  of  potassium  and  car- 
bonate of  sodium  in  equivalent  proportions,  which  fus«*s  at  a much  lower  temperature. 
By  this  fusion  with  excess  of  an  alkaline  carbonate  the  phosphoric  add  is  in  most  cases 
completely  separated  from  any  other  base  with  which  it  may  be  combined,  and  converb-d 
into  a tribasic  phosphate  of  the  alkali-metal,  which  may  then  be  trcatiNl  as  above. 
The  conversion  may  also  be  effected  by  prolonged  boiling  with  water,  acids,  or  alkalis. 

3.  As  Phosphate  of  Bismuth.-^\n  a solution  free  from  sulphuric  or  hydrochloric  acid, 
phosphoric  add  may  be  correctly  estimated  by  precipitation  with  nitrate  of  bismuth.  The 
precipitateconsistsofbiBmuth-phosphate,  Bi'^l’D^or  Bi‘^0’.P*0*,containing23‘28  percent. 
P^O*.  Pyrophosphoric  acid  is  also  completely  precipitated  by  nitrate  of  bismuth,  the  pre- 
cipitate 2Bi^0*.3P’0*  containing  31*28  per  cent.  1”U‘;  metaphosphorie  acid  must  be  con- 
verted into  ortliophosphoric  acid  by  boiling  with  nitric  acid.  Sulphuric  and  hydro- 
chloric adds,  if  present,  must  be  removed  by  precipitation  with  chloride  of  barium  and 
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nitrate  of  eilver  respectively,  the  excess  of  silver  in  the  Utter  case  being  then  precipi- 
tated by  sulphydric  acid.  If  the  solution  contains  iron  in  the  state  of  ferric  salt,  the 
phosphate  of  bismuth  is  but  slowly  precipitated,  and  always  contains  iron,  but  this  source 
of  error  may  be  obviated  by  reducing  the  ferric  oxide  to  ferrous  oxide  (best  with  sul- 
phydric  acid)  ; the  process  is  thus  rendered  available  for  the  estimation  of  phosphoric 
acid  in  soils,  coprolites,  iron  ores,  &c.  (Chancel,  Compt  rend.  1.  416  ; li  882).  Ac- 
cording to  Al'Curdy,  Brush,  and  Johnson,  however  (Sill.  Am.  J.  [2]  xxxi.  281  : 
Jahreab.  1861,  p.  823),  the  alumina  in  sudi  substances  introduces  a similar  error;  and 
the  process  is  likewise  inapplicable  to  solutions  containing  chromic  or  uranic  oxide. 

4.  Estimation  by  means  of  Stannic  Oxide. — This  method,  first  proposed  by  Reynoso 
(Ann.  Ch.  Pharm.  Ixxx.  354  ; Jahresb.  1851,  p.  613),  depends  on  the  insolubility  of 
stannic  phosphate  in  nitric  acid.  A known  weight  of  pure  tin  foil,  and  the  substance 
in  which  the  phosphoric  acid  is  to  be  detemiin^,  are  treated  simultaneously  with  an 
excess  of  nitric  acid ; the  liquid  is  filtered  as  soon  as  the  tin  is  completely  oxidised,  and 
the  residue  is  washed,  dried,  and  calcined.  lU  weight,  diminished  by  that  of  the  stannic 
oxide  formed  fiom  the  weight  of  tin  employed,  gives  the  quantity  of  phosphoric  anhy- 
dride present.  The  nitric  acid  solution  contains  all  the  bases  present. 

In  calcining  the  stannic  phosphate,  care  must  be  taken  to  allow  free  access  of  air,  as 
otherwise  part  of  the  stannic  oxide  may  be  reduced  by  the  carlxtnaceous  matter  of  the 
filter  or  of  the  fiamc  ; to  avoid  such  sources  of  error,  it  is  best  to  moisten  the  mass  with 
nitric  acid  before  calcining.  It  is  also  necessary  that  the  tin  be  quite  pure  and  added 
in  considerable  excess,  equal  to  eight  or  ten  times  the  weight  of  the  phosphoric  acid  to 
be  estimated. 

A modification  of  this  method  proposed  by  Reissig  (Ann.  C!Ti.  Pharm.  xcviii.  339  ; 
Jahre.sb.  1856,  p.  726)  consists  in  dissolving  the  washed  precipitate  of  stinnic  phos- 
phate in  caustic  potash,  diluting  with  water,  Kiturating  with  sulphydric  acid,  and  adding 
an  excess  of  acetic  or  dilute  sulphuric  acid,  which  precipitates  the  tin  as  stannic  sulphide. 
The  phosphoric  acid  remains  aissolred,  and  may  be  precipitated  from  the  filtrate  as 
ammonio-magnesian  phosphate. 

Precipitation  by  ifranic  salts. — This  method,  first  proposed  by  Leconte  (Compt. 
rend.  xxix.  55:  Jahresb.  1849,  p.  572;  1853,  p.  642),  and  afterwards  modified  by 
Arondt  and  Knopp  (J.  pr.  Chem.  Ixx.  385;  Jahresb.  1856,  p.  728),  consists  in  pre- 
cipitating the  phosphoric  acid  by  a solution  of  uranic  acetate.  Tliis  solution,  prejMred 
by  precipitating  uranic  nitrate  or  chloride  with  ammonia,  and  dissolving  the  precipitate 
in  noetic  acid,  without  previous  filtration,  is  added  to  the  solution  containing  the  plios- 
pboric  acid,  which,  if  it  contains  inorganic  acids  (it  is  beet  to  dissolve  the  phosphate  in 
nitric  or  hydrochloric  acid),  should  be  previously  mixed  with  acetate  of  sodium.  Ou 
heating  the  mixture,  a yellow  precipitate  is  formed,  coiLsisting  of  ammonio-uranic  phoa- 
phate,  which  is  reduced  by  ignition  to  uranic  pyrophosphate,  2U*0*.3l^0*.  The  bases 
previously  combined  with  the  phosphoric  acid  remain  in  solution,  the  phosphates 
of  diatomic  metals,  barium,  calcium,  magnesium,  &c.,  Ijcing  easily  decomposed  in  this 
manner,  and  even  alumioic  and  ferric  phosphates  being  decomposed  by  prolonged 
heating  with  a large  excess  of  uranic  acetate  in  presence  of  acetate  of  ammonium  and 
free  acetic  acid;  but  the  method  is  not  much  used,  ou  account  of  the  great  difficulty  of 
thoroughly  washing  the  precipitate  of  ammonio-uranir  phosphate. 

6.  Kdimation  by  means  of  Ferric  salts. — This  method,  proposed  by  Berthier,  con- 
sists in  adding  to  the  solution  of  the  pliosphute  a solution  of  ferric  nitrate  or  chloride 
containing  a known  quantity  of  iron  (best  prepared  by  dissolving  a known  weight  of 
clean  iron-wire  in  nitro-muriatic  acid),  and  precipitating  by  ammonia.  The  precipitate, 
consisting  of  ferric  phosphate  with  excess  of  ferric  oxide,  is  carefully  wash^  with  hot 
water,  then  dried  and  ignited ; its  weight,  diminished  by  that  of  the  ferric  oxide  pro- 
duced from  the  known  weight  of  iron,  gives  the  quantity  of  phosphoric  anhydride 
present. 

It  is  important  to  use  an  excess  of  iron  (at  least,  1 pt.  of  iron  to  2 pts.  of  phosphoric 
anhydride  to  be  estimated),  otherwise  a phosphate  of  iron  will  l>o  formed  which  dis- 
solves in  ammonia.  But  even  when  the  proper  quantity  of  iron  is  added,  there  is  still 
a loss  of  ferric  oxide  during  the  washing  or  the  precipitate,  the  wash-water,  wliether 
pure  water  or  water  containing  ammonia  bo  used,  being  always  more  or  less  coloured: 
nence  this  method,  in  the  form  above  described,  cannot  be  depended  upon  when  great 
accuracy  is  requir<^  For  the  precipitation  of  pyrophosphoric  acid,  a still  larger  quan- 
tity of  iron  is  required  than  for  orthophosphoric  acid. 

Much  more  exact  results  are  obtained  by  nearly  neutralising  the  liquid  containing  the 
phosphoric  acid  and  the  ferric  salt  with  an  alkali  or  alkaline  carbonate,  then  adding  a 
considerable  quantity  of  sodic  acetati\  and  boiling.  The  whole  of  the  phosphoric  acid 
and  iron  are  thereby  precipitated  as  basic  ferric  phosphate,  mixed  with  basic  ferric 
acetate,  while  the  solution  becomes  perfectly  colourless,  and  does  not  retain  a trace  of 
iron.  The  liquid  is  then  to  be  boiled,  filtered  while  still  hot,  and  washed  wilh  boiling 
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water  containing  a little  acetate  of  ammonium.  The  washed  precipitate  is  dried  and 
calcineil  in  a platinum  crucible,  the  residue  then  moistenud  with  a little  nitric  acid, 
heatt'd  again  and  weighed,  and  the  quantity  of  phosphoric  anhydride  calculated  as  before. 
The  method  thus  modified  may  be  used  for  the  separation  of  phosphoric  acid  from 
baryta,  strontia,  lime,  and  magnesia. 

Another  mcslification  of  Berthier’s  method  introduced  by  Kobell  (J.  pr.  Chem. 
xxzvi.  301  ; Jahresb.  1849,  p.  666)  consists  in  precipitating  the  solution  of  phosphoric 
acid  and  ferric  oxide  vrith  carbimaU  of  barium  instead  of  ammonia.  The  washtsl  and 
dried  precipitate  is  weighed,  then  dissolved  in  hydrochloric  acid,  and  the  barium  is 
precipitated  by  sulphunc  acid.  The  weight  of  ban'tic  sulphate  thus  obtained  gives,  by 
calculation,  the  quantity  of  l)aiy tic  curlxmate  added;  and  this  weight,  t(»g»  thor  with 
that  of  the  ferric  oxide  deducted  from  the  total  weiglit  of  the  precipitate,  gives  the 
quantity  of  phosphoric  anhydride.  This  methofl  may  be  used  for  the  separation  of 
phosphoric  acid  from  all  biises  which  aw  not  precipitatiKl  by  carl>oniit<»  of  barium. 

7.  By  Ctric  tails. — A solution  of  ceric  nitrate  or  sulphate  produee.'«  in  the  nitric  acid 
solution  of  any  phosphate,  e.y.  calcic,  ferric,  uranic,  or  aluminic  phosphate,  a white  or 
slightly  yellowish  precipitate  of  ceric  phosphate  of  constant  composition  and  insoluble 
in  the  acid  liquid.  (Dumourand  H.  Deville,  Xustit.  1858,  p.  69;  Jahresb.  1868, 
p.  693.) 

Volumetric  Methods. — The  volumetric  process  most  generally  used  for  the  estima- 
tion of  phosphoric  acid  is  that  of  Liebig,  which  depends  upon  the  insolubility  of  ferric 
phosphate  in  acetic  acid.  The  solution  containing  the  phosphoric  acid  is  mixed  with 
aceticacid  or  acetate  of  sodium,  according  as  it  is  neutral  or  acid ; and  a solution  of  fe^rric 
chloride  or  ammonio-alumiuic  sulphate  (^ammonia-alum)  of  known  strength  is  added,  in 
quantity  just  sufficient  to  precipitate  the  whole  of  the  phosphoric  acid  as  ferric  phos- 
phate or  Fe  rO^).  The  chief  difficulty  m this  proces.s  is  to  determine 

the  moment  when  the  precipitation  is  complete.  For  this  purpose,  Liebig  places  a 
drop  of  solution  of  forrocyonide  of  potassium  on  a piece  of  white  filler-paper,  leavf*s  it  to 
spread,  then  lays  another  piece  of  fiUer-jjajx'r  over  the  first,  and  places  on  it  a drop  of  the 
liquid  to  which  the  ferric  phosphate  has  been  added.  This  liquid,  in  passing  through 
the  paper,  parts  witli  tlie  ferric  phosphate  which  it  holds  in  suspension,  before  it  comes 
in  contact  with  the  solution  of  ferrocyanido  on  the  lower  piece  of  paper : hence  no 
blueing  of  the  latter  will  take  place,  unless  the  liquid  contains  an  excess  of  ferric 
chloride.  The  addition  must,  therefore,  be  continue  till  a faint  blueing  of  the  ferro- 
c^'anide  just  begins  to  take  place.  This  method  is  used  by  Liebig  for  the  estimation 
of  phosphoric  acid  in  urine. 

Raewsky  (Jahrwib.  1847-8,  p.  946)  adds  an  excess  of  the  ferric  solution,  collects 
the  precipitated  ferric  phosphate  on  a filler  ; dissolves  it,  after  washing,  in  hydrochloric 
acid  ; and  determines  the  quantity  of  iron  in  it  by  Marguerilte’s  methotl  with  per- 
manganate of  potassium  (i.  263) ; and  thence  calculates  the  quantity  of  phosphoric  acid 
from  the  formula  Fe^TO*. 

General  Methods  of  separating  Phosphoric  Acid  from  Bases. 

a.  By  M(rcurous yitrote.^Thlsroaction,  already  mentioned  (p.  642),  affords  the  means 
of  separating  phosphoric  acid  from  all  bases  whatever.  The  phosphate,  or  mixture  of 
phosphates,  ladng  dissolved  in  nitric  acid,  the  solution  may  either  be  evaporated  to 
dryness  in  contact  with  metallic  mercury,  or  exactly  neutnibscd  with  caustic  potash  or 
soda,  and  then  inixL^d  with  mercurous  nitrate,  which  throws  down  the  mercury  as 
niercuruus  phosphate. 

In  moat  cases  the  first  of  these  methods  is  to  be  preferred.  The  solution  of  the 
phosphate  in  nitric  acid  is  placed  in  a porcelain  ba-nin,  and  pure  metallic  mercury  is 
adfbd,  in  such  quantify  that  a small  j>ortion  may  remain  undissolved  by  the  nitric  acid. 
The  liquid  is  then  evaj[^>onited  to  complete  diyness  over  a water-bath,  no  as  to  expel 
the  whole  of  the  free  nitric  acid ; and  the  residue  is  treated  with  water,  which  dissolves 
nil  the  ImjM's  as  nitrates,  leaving  the  phosphoric  acid  undissolvf^  as  mercurous 
plKJSphate.  This  salt,  after  drying,  is  mixed  in  a platinum  crucible  with  an  exce.ss  of 
dry  carl)onate  of  sodium,  or,  b<tter,  of  a mixture  of  potassic  and  sodic  earlxjnntes  in 
equivalent  proportions  ; and  heated  over  a lamp,  first  to  a tcmp**rature  below  n^dness, 
and  not  Buffici.-nt  to  fuse  the  mass,  till  all  the  metallic  menniry  and  all  the  mercury- 
salts  excepting  the  phosphate^  are  exp«’lled— then  to  thehighest  temj»enit«re  obtaimiblo 
by  the  gas-flame.  The  mercurous  phosphate  is  thereby  decomposed,  the  mercury  being 
expelled  and  an  alkaline  phosphate  produced.  This  when  cold  is  diss-  Ived  in  water, 
and  the  phosphoric  acid  precipitated  as  ammonio-magnesian  phosphate. 

This  method  gives  veiy  exact  rt'sults,  provided  care  bo  taken  to  dry  the  res'duo 
obtained  on  evaporating  tJio  nitric  acid  solution  very  completely,  so  tlmt  no  free  nitric 
acid  may  remain  to  hold  any  of  the  original  phosphate  in  solution,  and  in  fiisiug  the 
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mercurous  phosphate  with  alkiiline  carbonate,  to  regulate  the  heat  very  carefully  jn 
the  manner  al>ove  descrilKsi,  so  as  to  avoid  loss  bv  M>irting.  Wlipn  properly  cmri*’d 
out,  it  is  regarded  by  Kose  as  tlie  best  of  all  inellious  of  separating  phosphoric  aci<l 
from  bases.  It  is  mon*over  applicable  in  the  manner  just  described  l43  the  analysis  of 
all  phosphates  excepting  thewe  of  iron  (ferricnm)and  aluminium,  in  which  eases  it  rr-quires 
certain  modifioiitions.  The  nitrates  of  these  baw's  when  evu[>onitetl,  even  at  the  heat  of 
the  water-bath,  give  off  part  of  their  nitric  acid,  and  are  then'by  rendered  to  a 
great  extent  insoluble  in  water,  so  that  when  their  nitric  aci  I solution  is  cvajx>rafed 
in  contact  with  metallic  mercury,  and  the  residue  treat^ni  with  water,  a small  portion 
only  of  the  iron  or  aluminium  passes  into  the  aqueous  solution,  the  larger  j>ortion 
remaining  undi>*8olvcd,  t«:^ether  with  the  mercurous  phosphate.  In  the  case  of  irt>n 
the  process  re-]uire»  but  little  alteration,  lor  when  the  dried  residue  i»  ignited  with  the 
alkaline  carlwnate,  the  ftrrric  phosphate  i.s  completely  decomposed ; bo  that,  on  treating 
the  fused  mass  with  water,  the  whole  of  the  phosphoric  acid  jwsses  into  .solution  as 
bt‘f«)re,  while  the  iron  remains  as  ferric  oxide,  and  its  amount  may  be  added  to  that 
M'hich  has  paasiHl  into  solution  as  nitrate.  In  the  case  of  aluminium,  however,  the 
process  in  thi.s  form  is  no  longer  applicable,  for  aluminic  phonphate  is  but  Tory  im- 
I’lerfcdly  decompostil  by  fusion  with  alkaline  Ciirlnmates.  In  this  case,  therefon',  it  is 
necessary  to  adopt  the  second  form  of  the  process  al>ove  mentioned,  which  con.**i8!.s  in 
precipitating  the  ncutraliseil  sidutiun  of  the  phosphate  in  nitric  acid  with  mercuron.s 
nitrate,  sepanUing  the  prceipilated  mercurous  phosphate  by  nitration,  washing  it  with 
water  containing  a little  mercurous  nitrate,  and  decomposing  it  wlien  dry  by  fusion 
with  alkaline  carlx>nate,  as  al>ove.  The  filtrate  contains  all  the  aluniininm,  together 
with  the  excess  of  mercurous  salt.  The  greater  part  of  the  mercury  is  precipitate<l  from 
it  by  hydrochloric  acid  ; a smaller  portion,  which  has  passed  info  the  state  of  mercuric 
Balt  and  still  remains  dis.solvcd,  is  sejxinited  by  Bulphydric  acid  ; and  in  the  remaining 
solution  the  aluminium  is  determined  by  the  usual  metliods.  If  any  of  thealkaliue  earths 
are  alsopreaent,  eapeoially  lime,  this  last  mode  of  separation  cannot  be  applied,  l>ecuu8e  a 
small  quantity  of  earthy  pho.^phate  is  then  precipitated,  together  with  the  mercurous 
pli»)sphate. 

For  full  details  of  the  preceding  proceas,  see  H.  Kose.  {Traitede  Chimir  Analtftiiiuf, 
ii.  708.) 

0.  Ihf  'SitrnU  of  or  yUric  Acid  nud  MitalUc  Silver. — The  mode  of  proceeding 
is  similar  to  that  wath  mercurous  nitrati*,  excepting  that  when  the  phosphoric  acid  is 
precipitated  from  the  neutralised  solution  by  nitrate  of  silver,  the  phosphate  of  silver 
must  l>e  eolb'cted  on  a tared  filter,  anil  weighed  after  drying  at  lOO-*. 

7.  Vrecipilalion  btf  Afol(/hdate  of  Ammonium. — The  molylxlic  solution  is  prepared  by 
dissolving  1 pt.  of  molybdic  trioxide  In  8 pts.  of  strong  aqueous  atnmonin,  and  mixing 
the  solution  with  20  pts.  of  nitric  acid.  This  liquid  is  added  to  the  solution  of  the 
phosphate  in  nitric  acid,  in  such  propf^rtion  that  the  quantity  of  molybdic  trioxida 
may  be  thirty  or  forty  times  as  great  ns  that  of  the  phosphoric  acid  to  be  determined. 
The  liquid,  tc«eth»*r  with  the  resulting  yellow  preripiLile,  is  digested  for  several  hours 
at  a mther  high  temperature,  and  the  precipitate  is  wa.shed  on  a filter  with  the  liqui'l 
which  has  been  uh<U  for  the  precipit.vion.  The  yellow  precipitate  is  then  dissolved 
off  the  filt4*r  by  ammonia,  and  the  phosphoric  acid  is  precipitated  from  the  filtrate  as 
ammoiiio-magnesian  phosphate. 

This  method  serves  for  the  separation  of  phosphoric  acid  from  the  alkaline  earths, 
the  other  earthy  oxides,  and  likcwb*©  from  alumina,  ferric  oxide,  and  many  other 
metallic  oxides  ; but  it  cannot  be  d*q>ended  upon  for  giving  exact  re'^ulu.  excepting 
when  the  quantity  of  phosphoric  acid  to  be  determined  is  very  ‘•mall.  r\T»>ph«i#*phoric 
and  metaphosphoric  a*;ids.  to  bo  determined  by  thiH  melhotl,  must  be  couverted  into 
orthophospboric  acid  by  prolonged  boiling  with  nitric  acid. 

Lipowitz  (Pogg.  Ann.  cix.  135;  Jahresb.  1860,  p.  700)  dissolves  2 pts.  niolylxiic 
trioxide  in  a warm  solution  of  1 pf.  tartaric  acid  in  13  pts.  water ; adds  10  pts.  aqueous 
ammonia  of  HjM*eific  gravity  0'97,  and  15  pts.  nitric  acid  ; heats  the  whole  to  boiling ; 
filters  from  a small  quantity  of  molyMic  trioxide  which  separates  ; and  uses  the  resulting 
B«»lution  for  the  quantitative  estimation  of  phosphoric  acid  by  direct  precipitation.  For 
this  pur  ose  :i  nusintit^'  of  the  solution  (al>out  5 or  6 c e.  to  0*05  grm.  phosphoric 
anhydride,  to  be  aetermincd)  is  heated  to  boiling  in  a porcelain  dish,  the  iseidulated  solu- 
tion of  the  phosphate  i.s  addl'd,  the  yellow  precipitate  is  colh-cted  on  a weighed  filter, 
wa.shed  with  watercuntaining  ^^th  of  nitric  hcI«1.  and  dried  at  20^— 3(P,  orlK*tter,  over 
oil  of  vitriol,  and  weighed.  li  contains,  accor>h‘ng  lo  LijxjwJfz.  3-607  per  cent.  P*0*. 

It  must  be  olwerved,  however,  tlnit  tlie  yellow  pr.-eipitale  i«  Muluble  in  a large 
quantity  of  tartaric  acid.  (II.  Kose.) 

y.  Uy  S^dphuric  And  and  Afcohol. — A»  many  sulphates,  especially  those  containing 
strmig  Iwises,  are  insoliiblo  in  alcohol,  tho  aepuration  of  phosphoric  acid  from  the  cor- 
re»«lHmJiDg  bases  may  be  effected  by  mixing  the  solution  of  th«*  pliosphatc  in  water. 
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Tiilric  acid,  or  hydrochloric  acid,  with  gulphoric  acid  and  with  alcohol — the  haBe  being 
th«'ii  precipitated  as  Bulphate,  while  the  phosphoric  acid  remains  dissolved  in  the 
alcoltol.  This  method  is  found,  however,  to  give  exact  results  only  wlieij  applied 
to  tlie  phosphates  of  tho  ulkiiliue  earth-ractals  and  phosphate  of  load.  With  other 
bases  an  error  of  4 per  cent,  sometimes  arises,  even  when  the  analysis  is  poiformcd  witli 
all  possible  care,  and  ctlier  is  added  as  well  as  alcohol. 

By  fusion  with  Alkaline  Carhonat^ff. — Many  phosphates  arc  completely  decom- 
pose<l  by  fusion  with  excess  of  alkaline  carbonate,  a mixture  of  pc.dassic  and  sodic 
cjirbonat.es  in  equivalent  proportions  being  the  most  convenient  for  the  purpose.  Tho 
pljosplmtes  of  the  h»>avy  metals  are  for  the  most  part  easily  decomposed  in  this  manner, 
but  the  phosphates  of  the  alkaline  earth-metals,  and  especially  phusplmte  of  calcium,  are 
but  im{>crfectly  d^“comj>osed  thereby,  and  must  therefore  be  trcjitea  by  other  methods. 
The  decomposition  by  fusion  with  alkaline  carbonate,  when  it  can  be  jipplied,  i.s 
especially  convenienl  for  the  analysis  of  phosphates  mixed  with  sulphates,  chlorides, 
and  other  salts,  the  several  acids  jwi&sing,  together  with  the  phosphoric  acid,  into  tlie 
state  of  alkaline  sjiUs. 

€.  By  2'artaric  or  Citric  Acid. — The  precipitation  of  many  metals  from  solutions  of 
their  salts  by  alkalis,  is  prevented  by  the  presence  of  certain  fixed  organic  substances, 
tartaric  and  citric  acid  among  the  number.  Hence  the  separation  of  phosphoric  acid 
from  such  bases  may  be  effect«*d  by  addii\g  to  the  solution  of  the  phosphate  a consider- 
able quantity  of  tartaric  or  citric  acid,  then  an  excess  of  ammonia,  sal-ammoniac,  and 
sulphate  of  magnesium.  Tlie  phosphoric  acid  is  then  precipitated  as  ammonio-mngne- 
sian  phosphate,  while  the  buses  remain  in  solution.  When  tartaric  acid  is  used,  as 
originally  proposed  by  Otto,  a small  quantity  of  tartrate  of  magnesium  is  frequently 
precipitate^  together  with  the  araraonio-magnesian  phosphate,  and  is  difficult  to  get 
rid  of:  hence  R.  Warington,  Jun.  (Chem.  80c.  J.  xvi.  304),  recommends  the  use  of 
citric  acid,  which  does  not  introduce  this  source  of  error.  Sometimes  a small  quantity 
of  the  l>aae  is  precipitated,  together  with  the  phosphate,  in  spite  of  the  presence  of  tho^ 
organic  acid.  To  guard  against  this  source  of  error,  it  is  best  to  redissolvo  tho  preci- 
pitate in  hydrochloric  acid,  again  add  citric  acid,  and  supersaturate  with  ammonia. 
The  ummonio-magnesian  salt  is  then  reprecipitated  in  a state  of  perfect  purity. 

This  method  is  employed  chiefly  for  the  separation  of  phosphoric  acid  from  ferric 
oxido  and  alumina.  From  the  liouid  filtered  from  the  precipitated  phosphate,  iron 
is  precipitated  by  sulphide  of  ammonium;  but  aluminium,  which  is  procipitatt*d  by 
this  reagent,  not  os  sulphide  but  as  hydrate,  cannot  bo  separated  thereby,  or  by  am- 
monia or  alkaline  carbonates,  from  the  solution  under  consukTation,  on  acofjunt  of  the 
organic  matter  present.  To  eflect  its  sejwratiou,  the  solution  i.s  mixed  with  a quantity 
of  sodic  carbonate  sufficient  to  d<*com{>ose  all  the  chloride  of  ammonium  present,  tlien 
evaporated  to  drj’ncss;  and  the  residue  is  ignit<-d  to  bum  away  the  greater  part  of  the 
organic  matter,  then  digested  in  hydrochloric  acid,  wliich  dissolves  jwrt  of  the  alumina 
and  all  the  magnesia  ptt'sont,  leaving  a mixture  of  alumina  and  clmn-oal.  This  rrsiduo 
is  either  calcined  a second  time,  to  bum  away  the  remaining  charcoal,  or,  better,  it 
is  fused  with  a mixtur*’'  of  nitre  and  alkaline  carbonate.  In  the  latter  case  tho 
alkaline  salts  may  bo  dissolved  out  by  water,  leaviug  a residue  of  alumina  ea.sily 
soluble  in  hydrochloric  acid.  In  the  former,  the  alumina  is  left  in  a difficultly  soluble 
state,  audto  render  it  soluldo  it  must  be  fused  with  acid  sulphate  of  jxitassium ; the  fusc-d 
ma.s9  then  dissolves  completely  in  water.  The  solution  of  aluminsi  thus  obtained  is 
added  to  the  other  portion,  and  the  alumina  preeipit.ated  by  ammonia  in  the  u.sual 
manner.  The  decomposition  of  the  chloride  of  ammonium  before  calcination  is 
essential,  because  that  salt  in  volatilising  would  carry  with  it  a portion  of  the  aluminium 
in  the  fornt  of  chloride. 

^ By  Carbonate  tf  Bariitm. — The  separation  of  phosphoric  acid  by  means  of 
carbonate  of  barium  urd  a ferric  salt  has  alreacly  been  described  (p.  644).  Carbonate 
of  barium  alone  does  not  precipitate  phosphoric  acid  completely  from  its  uqticous 
solution;  bnt  if  the  phosphate  of  any  base  not  precipitated  by  carlx>nate  of  Imrimn, 
the  alkaline  earths  and  magne«-»a  for  example,  be  dissolved  in  nitric  or  hydrochloric 
acid,  carbonak'  of  barium  will  precipitate  all  the  phosphoric  acid,  together  with  »iny  of 
the  weaker  bases  (such  as  alumina,  ferric  oxide,  or  chromic  oxide)  that  may  al.*40  bo 
present,  leavdng  the  stronger  bases  in  solution.  This  method  may  be  applied  to  tho 
analysis  of  mixtures  of  earth}’  phosphates,  such  us  occur  in  soils,  coprolites,  guano,  artifi- 
cial munurea,  &c..m  wliich  the  presence  of  alumina  interferes  with  the  separation  by  nitric 
acid  and  metallic  mercur}'.  The  phosphate  having  been  dissolved  in  nitric  or  hydro- 
chloric acid,  and  the  solution  boiled  for  some  time,  to  convert  any  pyrophosphoric  acid 
that  may  be  present  into  orthophosphoric  acid,  carbonate  of  barium  is  to  be  added,  till 
the  free  acid  is  completely  saturate,  and  the  liquid  left  to  stand  for  a few  days,  with 
frequent  agitation.  The  wiisbod  precipitate,  containing  alumina  and  ferric  oxide  tx>- 
getfuT  with  phosphate  and  carbonate  of  barium,  is  then  to  l>e  dissolved  in  hydrochloric 
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acid,  and  the  barium  precipitated  by  aulphuric  acid-  The  filtrate  may  be  treated  with 
citric  acid,  ammonia,  and  sulphate  of  magnesium,  to  precipitate  the  phosphoric  acid, 
and  the  ferric  oxide  and  alumina  which  remain  in  solution  may  be  sepamtod  by  the 
usual  methods.  The  solution  filtered  from  the  precipitate  formed  by  the  carbonate  of 
barium  is  free  from  phosphoric  acid,  but  contains  nitrates  or  chlorides  of  calcium, 
magnesium,  and  the  alkali-metals,  together  with  nitrate  or  chloride  of  barium.  It 
is  freed  from  barium  by  sulphuric  acid;  the  neutralised  filtrate  is  then  treated  with 
oxalic  acid  to  pr.^cipitate  the  calcium ; and  the  magnesium  and  alkali-metals  sepa- 
rated by  the  methods  descril)eJ  under  I^Laonesium  (iii.  753). 

When  calcium  is  pres**nt  in  considerable  quantity,  the  washing  of  the  last-mentioned 
precipitate  of  sulphate  of  barium  is  rerj*  to-lious  anrl  difficult,  on  account  of  the  sparing 
solubility  of  the  sulphate  of  calcium  with  which  it  is  mixed.  In  this  case  it  is  best, 
after  washing  nut  the  more  soluble  sulphates  with  water,  to  treat  the  remaining  pre- 
cipitate with  a solution  of  carbonate  of  ammonium,  whereby  the  remaining  sulp>bate  of 
calcium  is  converted  into  carbonate;  then,  after  washing,  dissolve  out  the  carbonate 
of  calcium  with  hydn>cliloric  acid,  and  add  the  solution  to  that  containing  the  other 
Imiscs.  (H.  Rose,  Traiti  de  Chimir  Anal^tiqtw,  ii.  719.) 

Spfcial  Methods  of  Separation. — From  metals  whose  sulphides  arc  insoluble 
in  acids  (copper,  lend,  mercury,  Ac.)  phosphoric  «icid  is  easily  s«'parated  by  j)u«bing 
sulpliydric  acid  gas  througli  an  acid  solution  of  the  sjiIl  The  phospbuiie  acid  may  theu 
l>c  precipitated  from  the  filtrate  as  ammonio-mugnesiun  phosphate. 

i*hosphate  of  zinc  dissolved  in  acetic  acid  may  also  be  decomposed  by  sulpliydric 
acid. 

Tlje  phosphates  of  iron,  magnesium,  nickel, cobalt,  anduranium  are  decom- 
posed by  sulphide  of  ammonium,  the  mi  tals  lH‘ing  separatc-d  us  sulphides ; but  this  mode 
ofst'pumtion  is  not  found  to  give  exact  results,  exci  pling  in  the  case  of  iron.  A better 
method  is  to  fuse  the  phosphates  with  an  alkaline  carbonate  (p.  546).  In  the  cose  of 
uranium,  however,  the  hoparation  by  this  metho»i  is  not  complete,  a certain  quantity 
of  uranic  oxide  always  puaslng  into  solution  together  with  alkaline  phosphate  and 
carlionnte.  To  obtain  Cf»raplete  separation,  the  salt  roust  be  fusrd  with  al>out  thr*‘« 
times  its  weight  of  a mixture  of  carlx>nute  of  sotlium  and  cyanide  uf  potjissium  ; the 
umnium  is  then  wholly*  S‘  prtnited  as  protoxide.  The  fust  d nws.s  is  digested  with  water 
containing  sal-ammonmc  (if  pure  water  is  the  uranous  oxide  W'parates  in  a very 

finely-divided  state,  and  runs  through  the  filter);  the  nhosphoric  ucid  is  precipitatiil 
from  the  filtrate  as  ummonio-mugiiesian  phosphate  ; ana  the  iii.soluble  uranous  oxide, 
which  retains  a small  portion  of  alkali,  is  dissolved  in  nitric  acid,  precipitato<l  by  uni- 
mouia,  waslied  with  water  containing  a little  sal-ammoniac,  ignited  in  a stream  of 
hydrogen,  and  weighe<l. 

A similar  method  serv#-»  for  the  separation  of  phosphoric  acid  from  the  oxides  of 
chromium.  The  chromic  oxide,  which  remains  undissolved  after  the  ulkuline  plic^- 
phates,  Ac.  have  botm  washed  out,  likewise  n-tuins  u small  quantity  of  nlbiline  salt,  to 
free  it  ft\>m  which,  it  must  be  fused  with  nitre  and  sodic  carbonate,  und  the  resulting 
chromic  acid  nn’eijiitutfs.l  by  mercurous  nitrite,  or  reduced  to  chromic  oxide  by  any  of 
the  methods  described  undir  Chhomiim  (i.  944). 

From  yttrift,  thorina,  and  the  oxides  of  cerium,  lanthanum,  and  didy- 
rnium,  phosphoric  acid  is  easily  separated  by  adding  oxalic  acid  or  oxalate  of  am- 
monium to  the  nearly  neutralised  solution  of  the  phosphate  in  nitric,  hydrochloric,  or  sul- 
phuric acid.  The  metal  is  then  completelyscparatedasoxalate.andlhepliosphoricacid  may 
t>e  precipitated  from  tlie  filtrate  us  umraoDio-niagne>iun  phosphate.  Thetreatmont  with 
nitric  acid  and  metallic  mercury  may  alw  be  applied  to  the  srpurution  of  pho»»phoric 
acid  from  these  buHes.  as  well  as  from  glucina  and  zircoiria. 

From  a 1 u in  i na,  pliosjihoric  wid  is  most  cosily  separut/*<l  by  means  of  citric  acid, 
aramoniji,  and  a magmsium-salt,  ao  already  de.scribt^  (p.  517).  An  older  m<sie  of 
Bepanition,  proposed  by  llcrzelius,  ie  to  ignite  the aluminic pho.sphate  with  24  pt».  of 
finely-divitleii  silica  and  6 pts.  of  sodic  carbonate.  The  ignited  mass  (which  docs  i«ot 
fuse)  is  digestet!  witli  water,  which  dissolves  sodic  phosplmte  and  carbonate,  and  h 
small  quantity  of  sodic  silicate,  leaving  the  alumina  and  the  greater  jiart  of  the  silica 
undissolvc-d;  the  filteriHl  solution  is  mixed  with  excess  of  hydrochloric  acid,  and  evapo- 
rated finally’  over  the  water-bath,  to  render  the  silica  compiotely  insoluble  ; tlie  resi<iuo 
is  boiled  with  water;  and  the  pho‘>^ioric  acid  precipitated  from  the  filtered  liquid  as 
ammonio-magnesiun  pht»sphato.  The  insoluble  r»*sidue  containing  the  alumina  is 
treated  with  hydrochloric  aci<l  and  cva|>onited  to  drynev.n ; the  re.ridue  is  moistened 
with  hydrochloric  acid,  l»oiled  up  with  water,  and  fiU<Tc<i  to  st'parate  the  silica  ; and 
the  alumina  iw  precipitated  from  the  solution  by  ammonia  or  carlionate  of  ammonium. 

A m<xiifieation  of  this  method,  proposcil  by  F uch  s,  con-^isls  in  dissolving  the  uluminia 
plumphato  in  caustic  pota.sh,  adding  silicate  of  j)otassium  (soluble  gla‘-s)  and  boiling, 
vilieivby  .tU  the  alumina  is  precipitated  as  silicate  of  aluminium  and  |K>tassium,  whild 
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phosphate  of  potafwium  ivmains  in  Milution.  From  this  solution  the  phosphoric  acid 
IS  precipitateQ  as  ammonio-magnesian  phosphate,  and  the  precipitated  silicate  is  treated 
as  above  for  the  determination  of  the  alumina. 

From  baryta,  phosphoric  acid  is  must  easily  separated  by  treating  the  solution  of 
the  compound  in  hydrochloric  acid  with  sulphuric  acid,  which  precipitates  the  baryta; 
from  strontia  in  like  manner,  with  addition  of  alcohol. 

From  lime,  phosphoric  acid  is  easily  separated  by  precipitating  the  base  as  oxalate 
from  the  solution  of  the  phosphate  in  acetic  acid,  or  in  hydrochloric  or  nitric  acid  mixed 
with  acetate  of  sodium  or  ammonium;  from  magnesia  by  fusion  writh  an  alkaline 
carbonate,  &c.  (p.  546),  phosphate  of  magnesium  being  completely  decomposed  by  this 
treatment. 

When  lime  and  magnesia  occur  leather  as  phosphates,  as  in  bone-earth  and 
plant-ashes,  the  substance  may  be  dissolved  in  hydrochloric  acid;  the  lime  precipi- 
tated by  oxalate  of  ammonium  as  above;  and  the  filtrate  treated  with  excess  of  am- 
monia, which  throws  down  a precipitate  of  ummonio-magnesian  phosphate,  leaving 
a solution  still  containing  phosphoric  acid  or  magnesia,  according  as  one  or  the  other 
is  in  excess.  In  tlie  former  case  the  phosphoric  acid  is  precipitated  by  aiddition  of  a 
magnt'sium-salt ; in  the  latter,  Llic  magnesia  is  precipitated  by  addition  of  a soluble 
phosphate. 

Such  mixtures  or  compounds  may  also  be  analysed  by  treatment  with  nitric  acid  and 
metallic  mercury,  but  not  by  precipitation  with  solution  of  mercurous  nitrate  (p.  646), 
because  a certain  quantity  of  calcic  phosphate  is  always  prt'cipitated  at  the  same  time. 
Fusion  with  an  alkaline  carbonate  is  not  applicable  to  them,  because  phosphate  of  cal- 
cium is  but  very  imperfectly  decomposed  thereby. 

From  the  alkalis,  phosphoric  acid  may  bo  separated  by  precipitation  with  acetate 
of  lead.  The  precipitated  phosphate  of  lead  must  be  weighed  when  dry,  the  quantity  of 
lead  contained  in  it  determined,  and  thence  the  quantity  of  phosphoric  aeid  may  be  cal- 
culated. The  solution  containing  the  alkalis  and  the  excess  of  lead-salt  is  treated  with 
carbonate  of  ammonium  to  precipitate  tlie  lead ; the  filtrate  is  then  acidulated  with 
sulphuric  or  hydrochloric  acid;  and  the  alkalis  are  estimated  as  sulphates  or  chlorides. 

The  separation  is,  however,  more  easily  eflTected  by  means  of  nitric  acid  and  metallic 
mercury,  especially  in  the  case  of  the  lithium-phosphates,  which  are  but  slightly 
soluble  in  water.  The  same  method  is  also  the  best  adapted  for  analysing  the  in- 
soluble compounds  which  the  alkaline  phos{)hates  form  with  those  of  calcium  and  mag- 
nesium. If  alumina  is  also  pr«*sent,  it  is  best,  as  already  ol^erved,  to  adopt  the  meth(^ 
of  separation  by  means  of  carbonate  of  barium  (p.  547  \ The  method  of  separation  by 
ceric  salts  might  al>o  be  applicable  to  such  mixtures  (p.  645). 

When  all  the  phosphoric  acid  in  an  alkaline  phosphate  is  in  the  state  of  ortbophos- 
phoric  acid,  it  may  be  completely  separated  by  the  easier  mode  of  precipitation  with  a 
solution  of  mercurou.s  nitrate. 

Separation  of  Phosphoric  Acid  from  other  Acids. 

From  sulphuric  acid,  phosphoric  acid  is  easily  separated  by  precipitating  the 
former  as  sulphate  of  barium  from  an  acid  solution  ; if,  however,  metaphosphoric  acid 
is  present,  it  must  first  be  converted  into  pyro-  or  ortbophosphuric  aciii,  otherwise  the 
sc^mration  will  not  be  complete. 

From  seleuious  acid,  phosphoric  aeid  is  separated  by  precipitating  the  selenium 
with  sulphurous  acid  ; the  phosphoric  acid  may  then  be  precipitated  from  the  filtrate 
as  ammonio-magnesian  phosphate.  If  selenio  acid  is  present,  it  must  first  be  re- 
duced to  selenious  acid  by  means  of  h^dnx'hloric  acid.  Precipitation  with  barium- 
salts  does  not  eflTect  complete  precipitation.  (See  SsLENirM,) 

The  same  method  serves  for  tne  separation  of  phosphoric  acid  from  the  acids  of 
tellurium. 

From  hydrochloric,  hydrobromic,  and  hydriodic  acids,  phosphoric  acid 
is  easily  separated  by  precipitating  the  former  acids  with  nitrate  of  silver  in  acid  solu- 
tion. The  phosphoric  acid  may  bo  prccipitaU*d  from  the  filtrate  as  triargemic  phos- 
phate, by  cart'ful  neutndisation  with  an  alkali ; or,  better,  the  exce^  of  silver  may  be 
removed  from  the  solution  by  hydn)chloric  acid,  and  the  phosphoric  acid  then  precipi- 
tated as  ammonio-magnesian  phosphate. 

Bespecting  the  separation  of  phosphoric  from  hydrofluoric  acid,  see  Fluokikb 
(ii.  676). 

From  boric  acid,  phosphoric  acid  may  be  separated  in  several  ways : — a.  The  phos- 
phoric acid  may  first  he  thrown  down  aa  ammonio-magnesian  phosphate,  and  the  boric 
acid  then  determined  in  the  filtrate  by  the  methods  specially  adapted  to  it(i.  630). — 
/3.  The  solution  of  a phosphate  and  a lx>raiein  hydrochloric  or  nitric  acid  is  treated  with 
carbonate  of  barium,  whenby  the  pho^jphoric  acid  is  precipitated  as  phosphate  of 
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barium,  while  the  whole  of  the  boric  acid  remains  in  solution.  This  mode  of  sepuration 
is  not,  howerer,  quite  exact,  as  phosphate  of  barium  is  not  completely  insoluble  in  a 
H(juid  containing  bone  acid. — 7,  When  the  two  tu'ids  exist  in  solution  in  combi- 
outiun  with  alkalis  alone,  they  may  be  sopurated  by  addition  of  acetate  of  potassium, 
which  throws  down  the  whole  of  the  boric  acid  as  bydrufluoborate  of  potassium 
(i.  633),  leaving  the  phosphoric  acid  in  solution. 

I'rora  silicatea. — Iftlie  silicate  is  easily  decomposible  by  acids,  the  whole  of  the 
phosphoric  acid  will  W found  in  the  acid  liquid  obtained  by  treating  it  with  an 
acid,  and  filtering  from  the  If  the  silicate  is  free  from  alumina,  it  may  b<'  de- 

composed by  nitric  acid,  the  rc'sulting  liquid  cvufiomUHl  to  dryness  over  a water-bath, 
the  silica  separated  in  the  usual  manner,  and  the  phosphoric  acid  separated  from  the 
bahcs  in  the  filtrate  by  means  of  nitric  acid  and  metallic  mcrcuty'. 

In  silicates  of  aluminium  containing  uo  other  base,  phosphoric  acid  may  be  separated 
by  fusing  the  ix^mpound  with  an  alkaline  carbonate,  ami  treating  the  product  in  the 
manneralready  described  (p.  613),  tlie  weight  of  the  silica  being  of  course  likewise 
determined.  Ifthesubstaneetobeanalys<Ki  contains  large  quantities  of  phosphoric  acid 
and  alumina  in  proportion  to  the  silica,  it  will  be  netx-^Hary  to  add  a quantity  of  finely- 
divided  silica,  in  the  pro{x>rtion  of  alsmt  pt.  silica  to  2 pts.  of  the  aluminic  phosphate. 
The  weight  of  this  qimntity  of  silica  must  then  be  deducted  from  the  total  weight  of 
that  substance  obtaimnl  in  the  analysis.  But  when,  as  is  more  genemlly  the  cn.se,  the 
silicate  contains  other  biujes,  and  especially  lime,  if  must  be  decomposed  by  an  acid, 
best  with  hydrochloric  acid,  the  silica  separated,  and  its  quantity  detenninetl  in  the 
usual  way  (see  p.  648,  also  Siucox);  and  the  phosphoric  acid  and  bases  in  the  filtrate 
Mq\»rate«J  by  carbonate  of  barium  in  the  manner  already  described  (p.  647). 

Silicates  undecomposible  by  acids  must  l>e  fused  with  an  alkaline  carbonate,  the 
silicii  separated  by  hydrochloric  acid,  and  the  filtrate  treated  as  alaive,  according  to  the 
bases  present.  If  alkalis  are  present,  they  must  bo  determined  by  a special  anah'sis, 
the  silicate  being  decomposed  by  hydrofiuuric  acid.  (H.  Hose,  I'raiti  dt  Chimie  Analy- 
Uque,  ii.  896.) 

For  tbo  methods  of  determining  phosphoric  acid  and  fluorine  when  they  occur  to- 
gether in  silicates,  see  Siljcatks. 

From  titanic  acid. — Phosphoric  acid  forms  with  titanic  acid  an  insoluble  com- 
pound, which  may  bo  decomjKised  by  fusion  with  an  alkaline  carbonate.  On  tp»»ating 
the  fused  mass  with  water,  an  alkaline  titanate  retuains  undissolvod,  while  the  alkaline 
phr>sphate  di.ssolv^. 

Fixan  molybdic  acid,  phosphoric  acid  is  separated  hy  sulphide  of  ammonium, 
the  molybdenum  being  dissolved  ther<*by  us  Irisiilphidc,  which  may  be  precipitated  by 
an  acid.  In  the  filtrate,  the  phosphoric  acid  is  precipitated  as  ammonia-magnesiao 
phosphate. 

From  vanadic  acid,  phosphoric  acid  is  separated  by  solution  of  sal-ammoniac,  in 
which  vanadate  of  ammonium  is  insoluble.  The  precipitate  is  firht  washed  with  water 
containing  sal-ammoniac,  then  with  alcohol,  and  transformed  into  vanadic  anhydride 
by  careful  beating.  The  phosphoric  acid  is  precipitated  from  (he  filtrate  aa  ammonio- 
magnesian  phosphate. 


Metallic  Phosphatea. 

Pbospbatea  of  Aluminium,  a.  M rtaphoapkate^  A1*0*.3P*0*  and  ArT*0*  — 
Prepared  by  dissolving  hydrate  of  aluminium  in  excess  of  aqueous  phosphoric  acid, 
evaporating,  and  heating  the  n ddue  to  316®.  It  is  a white  anhydrous  saV,  insoluble 
in  water  and  in  concentrated  acids.  (Maddroll,  Chem.  80c.  !Mem.  iii.  373.) 

3.  Hydrated  orthophosphates  of  ahimininm  occur  in  many 

minerals  often  associated  with  other  salts.  Gibbsite,  kalaite,  peganite,  fischerite.  and 
wavellite  are  hydrated  phosphates  of  aluminium,  the  last -mentioned  sometimes  al.so  i-on- 
taining  fluoride  of  aluminium  ; umblygonite  is  a phosphate  of  aluminium,  lithium,  and 
sodium  ; lazulite  is  hydrated  phosphate  of  aluminium  associated  with  ferrous  aud 
inagnesic  phosphates. 

Orthophosphates  of  aluminium  are  produced  by  precipitating  solutions  of  aluminium- 
salts  with  alkaline  phosphates ; but  the  products  thus  obtained  vary  considerably  in 
composilioD,  acc<jrdiug  to  the  proportions  of  the  acting  solutions,  the  temperature  at 
which  they  are  mixed,  and  the  extent  to  which  the  pweipitate  is  washed  ; the 
precipitates  also  frequently  retain  portions  of  the  aoluUe  aluminium-salt  or  of  the 
alkaline  phosphate. 

Acid  salt? — According  to  Ludwig,  the  precipitate  formed  by  phosphate  of  sodium 
in  a solution  of  alum,  contains,  in  the  anhydrous  state,  8Al*0*.fiPH)h  A solution  of 
aluminic  pbosplinto  in  aqueous  phosphoric  acid  leaves  on  era|)oration  a gtimmy  mass, 
which  melts  to  a colourless  gla.ss. 
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Keutrai  salt,  APO*.I«OV6IPO,  or  AI'TO'-SII’C  (or  with  4 nt.  or  at.  H*0).— 
Produced  by  completely  precipitatias  a neutral  solution  of  alum  with  excess  of  sodio 
orthophosphate,  best  by  gr.idually  adding  the  alura-solution  to  the  soluble  phosphate : 
also  when  a solution  of  aluminic  phosphate  in  hydrochloric  acid  is  neutralised  with 
ammonia,  or  precipitated  with  acetate  of  sodium;  or  when  an  alJtaline  solution  of 
aluminic  phosphate  is  neutralised  with  acetic  acid.  It  is  a white  bulky  precipitate, 
forming  when  dry  a loose  white  powder,  the  amount  of  wafer  in  which  appears  to  vary 
from  3 to  44  atoms.  Gitthsite,  from  Richmond,  Massachussetts,  contains,  according  to 
Hcrmann^sanalysisfJ.pr.Chem.xl.  32,  xlii.  1),37'C2  per  cent,  phosphoric  anhydride, 
26  66  alumina,  and  36  72  water,  agreeing  nearly  with  the  formula  A1*0*.P*0*.4H*0, 
which  requires  36  53  per  cent.  P*0*,  26-42  APO*  and  37*05  water.  In  other  samples, 
however,  Hermann  found  l<*sa  phosphoric  anhydride  and  more  alumina,  probably 
arising  from  admixture  of  h}drarRyllite  (hydmto  of  aluminium,  ii.  838). 

Baste  salts. — a.  A salt  containing  16APOM5PK)*,  or  APO*.30Ar'PO\  is  formed, 
occorvUng  to  Lud  w i g,  by  precipitating  a solution  of  aluminic  phosphate  in  caustic  soda- 
ley  with  acetic  acid,  but  it  is  most  probably  nothing  but  the  neutral  salt  mixed  with 
free  alumina. 

b.  4APO‘.3l«OM 811*0,  or  f>ArPO‘.2Ar'H’OM5aq.— This  U said  by  Rammels- 
berg  to  be  the  comp>sitIuu  of  the  bulky  precipitate  fomnHl  by  adding  ammonia  to  a 
neutral  solution  of  chloride  of  aluminium.  It  is  more  gelatinous  and  translucent  than 
the  precipitated  normal  phosphate ; retains  15  at.  water  at  100°.  Its  composition 
appears,  however,  to  vary  acconling  to  the  quantity  of  ammonia  added,  and  the  time 
during  which  it  is  left  in  contact  with  the  prt*cipitate ; am),  if  digested  with  excess  of 
ammonia  for  alxiut  24  hours,  it  gives  up  part  of  its  acid,  and  is  converted  into  a hydrate 
of  the  salt  2AP0*.P*0‘. 

c.  3A1*0*.2P*0M2U*0,  or  4iVl"'P0*.2Al'"n’0’.9aq. — This  is  the  composition  of 
Wavdlitfy  a mineral  occurring  in  trimotric  cn’stals  exhibiting  the  combination  ooP. 
ool^go.  p30  . Ratio  of  mucrodiaognal,  brachydiaognal,  and  principal  axis  a 1-4943  ; 
1;  0*7431.  Angle  ceP  : odP  » 126*25.  Cleavage  rather  perfect,  parallel  to  ocp,  also 
parallel  to  the  brucbydiagonal.  More  frequently,  however,  the  mineral  forms  hemisphe- 
rical or  globular  concretions,  having  a radiate  structure.  Hardness  • 3*25.  Specific  gra- 

.vity  = 2‘337  to  2'3616.  Lustre  vitreous,  inclining  to  pearly  and  resinous.  Colour  white, 
passing  into  yellow,  green,  grey,  brown,  and  black.  Slivak  white.  Translucent.  Index  of 
refraction  — 1‘52. — Wien  heated  it  gives  off  water,  and  sometimes  also  hydrotluoric 
acid  ; colours  the  blowpipe  Hame  a mint  bluish-green ; swells  up  on  charcoal,  turns 
white,  and  exhibits  the  reactions  of  alumina. 

Analysts.  1.  From  Zbirow  in  Bohemia  (Hermann,  J.  pr.  Chem.  xxxiii.  288). — 
2.  From  Barnstaple  in  Devonshire  (Berzelius,  Schw.  J.  xviii.  288;  xxiv.  121). — 3. 
From  Steamboat,  Chester  County,  Pennsylvania  (Genth,  Sill.  Am.  J.  [2]  xxiiL 
423).— 4.  From  Hungary  *.  Kapniciie,  specific  gravity  » 2*356  (Stadeler,  Ann. 
CIl  Pharm,  cix.  305). 
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The  formula  3A1*0*  2P*CP.l*2n*0  quires  35*14  per  cent,  P*0\  3813  AlKP,  and  26*73 
water.  Stadeler  supposes  the  mineral  to  contain  only  11  at.  water. 

Berzelius  and  Hermann  regard  wavellite  ss  a definite  compound  of  phosphate 
and  fluoride  of  aluminium ; hut  the  quantity  of  fluuriue  is  so  very  variable,  many 
specimens  containing  only  traces  of  it,  and  some  none  at  all,  that  its  presence  is 
probably  only  accidental.  As  the  specimen  from  Barnstaple  analysed  by  Berzelius 
contaiued  lime,  it  was  probably  mixed  with  fluorspar. 

Wavellite  occurs  ul^  at  Andiurg  in  Bavaria,  at  Langenstriegis  near  Freibei^,  and 
other  localities  in  Germany  ; also  at  Clonmel  and  Cork  in  Ireland  ; in  the  Shaint  islands 
of  Scotland;  at  Washington  Mine,  Davidson  County,  North  Carolina;  and  at  Villa 
Rica,  Minas  Oeraes,  in  Brazil. 

d.  2Al^O■.I'•0^  or  2ArT0*..4l'0*. — This  compound  appears  to  be  produced,  as 
already  slated,  by  the  prolonged  action  of  ammonia  ou  the  salt  5,  and  occurs  iu  com- 
bination with  5,  6,  or  8 at.  water  in  Uie  minerals  turquois  or  kolaitc,  pegauito,  and 
tUcherite. 

Tvrquois  or  Kidatit,  2.\PO*,P*0''5IPO  «ir  .IPTO*.  aq.,  also  railed  oyaphite 

Aw^joknite,  the  litruusa  ot  the  Pcisian**,  and  ( probably)  the  callais  of  niiiy,  is  reniform, 
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stalactitic,  or  incrusting,  with  noclearago;  hanlnf^s  = 6;  spocific  gravity  2‘6  — 2*683. 
It  hus  a somewhat  waxy  luatre,  dull  internally ; a peculiar  bluish-green  colour,  and 
white  streak;  is  feebly  subtraiiHlueent  or  opaque,  and  has  a small  conchoida 
fracture.  When  heated  it  d«?crepitates  stnmgly,  giving  off  water  and  turning  black. 
Before  the  blowpipe  it  does  not  swell,  but  becomes  brown  and  vitreous,  and  colours  the 
inner  flame  green.  With  fluxes  it  gives  the  reactions  of  iron  and  copper.  It  is 
soluble  in  acids,  and,  according  to  Hermann,  dissolves  in  water  after  fusion  with 
potash — the  several  varieties,  however,  all  leaving  more  or  less  insoluble  residue.  An 
analysis  by  H ermann  of  a blue  oriental  tunpiois  gave  28 '90  per  cent,  phosphoric  anhy- 
dride, 47'46  alumina,  2*02  cupric  oxi<le,  1*10  ferric  oxide,  0‘50  manganic  oxide,  r85  lime, 
and  1818  water,  whence  the  mineral  appears  to  consist  essentially  of  2Al*0*.P*0*.5H^O 
mixed  witli  phosphates  of  calcium,  copper,  &c.  A green  oriental  turquois  (specific 
gravity  2*621)  was  found  by  Hermann  to  contain  only  5*61  jvr  cent  and 

was  evidently  a mochanical  mixture  containing  but  little  real  turquois.  Turquois 
rn-curs  in  a mountainous  district  in  Persia,  not  far  from  Nichal*our  ; a Icks  pure  variety 
is  found  at  Jordansmiihle  in  Silesia,  and  at  Oelsnitz  in  Siixony.  It  receives  a goo«i 
polish,  and  when  finely  colourful  is  highly  valued  as  a gem.  The  occidental  or  bone 
turquois  is  said  to  consist  of  fossil  bones  or  teeth  coloured  with  oxide  of  copper. 
(Dana,  it.  405.) 

Pe^anite,  2A1*OM**0*.61PO  or  2(A1"*P0VA1"'HK)*),  is  a green  or  white  mineral 
occurring  at  Striegis  in  Saxony,  in  small  rhombic  prisms  of  127°,  with  the  acute  lateral 
edges  truncated;  hardness  = 3 — 4 : sjx^cific  gravity  = 2*49—2*54.  Contains,  accor- 
ding to  Hermann  (J.  pr.  Chom.  xxxiii.  287),  30*49  per  cent,  phosphoric  anhydride, 
44*49  alumina,  and  22*82  water. 

Fischsrite,  2A1*0*.P*0*.8H*0  or  2(Ar'PO*. Ar'H’0’).6aq.,  occurs  at  Nischne  TagiUk, 
in  colourless  rhombic  prisms  of  118°  32',  or  dull  green  masses  of  sp«‘cific  gravity  2*46  ; 
iH'havos  like  turquois  before  the  blowpipe,  but  is  not  remlily  dissolved  by  any  acid 
except  sulphuric  acid.  Gives  by  anaWsis  29*03  phosphoric  anhydride,  38*47  alumina, 
mid  27*50  wratcr,  together  with  1 *20  ferric  and  manganic  oxides,  0*80  cupric  oxide,  and 
3 00  cupric  phosphate  and  ganguo,  (Hermann,  loc.  cit.) 

All  the  phosphates  of  Hliiminium  bear  considerable  resemManee  to  alumina,  both  in 
the  hydrat«*d  and  in  the  anhydrous  state.  The  precipitated  idiosphat^s  are  gelatinous 
masses,  which  dissolve  easily  in  acids  and  in  caustic  fixed  alkalis,  and  are  precipitated 
fnim  their  acid  solutions  by  ammonia,  carbonate  of  aimnonium,  or  sulphide  of  am- 
monium, and  from  the  alkaline  solutions  by  chloride  of  ammonium,  in  their  original 
htutc,  without  loss  of  phosphoric  acid.  Hence  the  distinction  between  hydrate  and 
phosphate  of  aluminium,  and  the  separation  of  pho.sphoric  at?id  from  alumina,  present 
considenible  difficulties.  The  mrtliod.sof  detecting  and  s«*parating  the  phosphoric  acid 
liave  been  aln^ady  descriU-d,  viz. : Precipitation  by  a tnagno-sium-salt  from  a solution 
of  the  aluminic  phosphate  in  citric  acid  containing  ammonia  ami  chloride  of  ammo- 
nium ; precipitation  by  mercuroiis  nitrate  from  a solution  in  nitric  acid  neutralised  by 
I'ota^h ; precipitation  by  molybdate  of  ammonium,  uranic  salts,  or  ceric  salts, 
slightly  acid  or  ucuti^  solutions ; ignition  with  silica  and  carbonate  of  sodium 
(pp.  545 — 549). 

y.  Pt/rophosphaie  of  Aluminittni,  2Al*O*.3P“OM0ll*O  = AMI**0*M0HH) 
(drijxlut  110°).— I^roduced  by  precipitating  an  aqueous  solution  of  sublimed  chlorideof 
aluminium  with  pyrophosphate  of  sodium,  4 AlCl*  + = A1*P*0’‘  + 12NaCL 

It  is  a white  amorjjlious  precipitate  exactly  resembling  hydrate  of  aluminium,  insoluble 
in  water  and  in  acetic  acid, soluble  in  other  acids,  even  in  sulphurous  acid,  and  separating 
again  from  the  lasl-mentioncd  solution  on  boiling.  It  is  distinguished  from  the  ortho- 
phosphate by  being  soluble  in  ammonia  as  well  as  in  potash;  but  when  its  solution  in 
any  acid  is  supersaturated  with  ammonia,  the  whole  of  the  ^uminium  is  precipitated 
as  a basic  salt  no  longer  soluble  in  ammonia,  while  part  of  the  pyrophosphoric  acid  re- 
mains in  solution.  (8ch  warzenberg,  Ann.  Ch.  Pharm.  Ixv.  2.) 

Pbospliatea  of  Ammoninm.  a.  Metaphosphaies. — The monomeiaphospfMle, 
IsIPPO*,  is  formed  when  the  dimetaphosphatc  is  heated  for  sometime  to  200'*’ — 250°. 
It  is  nearly  insoluble  in  water.  (J'leitman  n.) 

The  di}7trtdphosphntr,  (NH^)*P*0*,  is  produerdby  the  action  of  sulphide  of  ammo- 
nium containing  a little  free  ammonia  on  the  corresponding  copper-salt  (p.  639),  and 
separates  from  the  filtrate  on  addition  of  alcohol,  in  monocliuic  prisms.  It  dissolves 
in  15  pts.  water,  either  cold  or  hot ; may  be  boated  to  300°  without  loss  of  ammonia  ; 
and  when  kept  for  some  time  between  200°  and  250°,  l^ecomes  opaque  without 
alteratiun  of  weight,  and  is  converted  into  the  monomotaphosphate.  (Fleitraann.) 

The  (NH*)*P*0'*  (Graham's  saltX  ts  obtained  by  saturating  deli- 

quescent metaphosphoric  acid  with  ninmoniu  and  evaporating. 

;8.  The  orthophosphates  of  ammonium,  (NH*)H*P0*,  (NJI*)’HPO*,  and 
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(XH*)“PO\  have  already  deflcribed  under  Avmoniacaj.  Salts  (i.  193).  The 

specific  gravity  of  the  first  is  r768  (Schiff,  Juhresb.  1859,  p.  16),  of  the  second 
1678  (Buignet,  ibid.  1861,  p.  15).  An  orthophosphate  of  aromonium  and  aluminium 
occurs  as  a white  earth  in  a volcanic  grotto  in  the  Isle  of  Bourbon. 

y.  Pyrophofphatea. — The  neutral  salt,  (NH*)*P*0’,  separates  on  adding  alcohol 
to  the  aqueous  acid  supersaturated  with  ammonia,  in  small  acicular  laminse  adhering  to 
the  sides  of  the  vessel.  It  is  easily  soluble  in  water,  forming  an  alkaline  solution 
which  gives  ofif  ammonia  when  heated,  and  forms  acid  pyn.>phosphate  of  ammonium, 
but  DO  orthophosphate ; the  latter  is  produced,  on  the  other  hand,  by  boiling  the  solu- 
tion with  excess  of  ammonia. 

The  acid  pi/rophosphaU^  (NII*)*H*P’0’,  is  obtained  in  crystals  by  adding  alcohol  to 
a solution  of  the  neutral  salt  mixed  with  alcohol  Its  solution  is  not  altered  by 
boiling.  (Sch  warzenberg.) 

Pbospbatea  of  Barlom*  a.  ^fetaphosphntes, — Macldreirs  rnfmometaphasphata 
fif  barium  is  obtained  by  evaporating  a solution  of  barytic  carl>i')nate  in  excess  of  metn- 
pho^plioric  acid,  aud  heating  the  residue  to  316°,  as  a white  jx)wder  which  is  not 
altered  b^  the  action  of  dilute  ucids,  but  is  decfjmj>osed  by  warm  eoncentmled  sul- 
phuric acid.  It  is  not  decomjiosed  by  digestion  with  an  alkaline  cfti'lxjiiate,and  therefore 
the  particular  modification  of  metaphosphoric  acid  which  it  contains  cannot  be  deter- 
mined with  certainty  (p.  539). 

The  dimetaphosphate^  Ba"P’0*.2H*0  (air-driid),  separates  in  crystals  on  adding 
chloride  of  barium  to  a solution  of  the  corresponding  sodium-  or  ammonium  salt.  It  is 
very  slightly  soluble  in  water,  is  not  decomposed  by  boiling  witli  hydrochloric  or  nitric 
acid,  but  readily  by  strong  sulphuric  acid;  when  digested  with  aqueous  carbonate  of 
sodium,  it  is  converted  into  diinetaphosphato  of  sodium.  It  does  nut  giro  ofif  its  water 
at  150°,  but  at  a red  heat  it  becomes  anhydrous  without  melting,  and  then  no  longer 
contains  dimetaphusphoric  acid,  but  becomes  insoluble  in  water,  and  is  not  decom- 
posed by  carbonate  of  sodium. 

The  trimetaphosphate^  Ba*P*0'*6H*0,  is  produced  on  mixing  a solution  of  1 pt  of 
the  corresponding  sodium-.salt  in  10  to  15  pts.  water,  wntli  a nearly  saturated  solution  of 
2 or  3 pts.  chloride  of  barium.  On  lenviug  the  liquid  (fiherefl  if  necessary)  to  itself 
for  a while,  the  salt  separates  in  lH*autiful  monoclinic  prisms,  which  give  off  iwo-thirds 
of  their  water  at  100®,  iiml  the  remainde  r,  with  intumescence,  at  u higher  temperature. 
At  a red  heat  it  becomes  insoluble  iu  acids,  but  does  not  fuse.  The  unignited  salt  is 
somewhat  more  soluble  in  water  than  the  dimetaphosphato,  and  when  digested  with 
carbonate  of  sodium  yields  trimetaphosphate  of  senium. 

The  hrxmetaphosphatr  is  obtained  by  precipitating  the  corresponding  sodium-salt 
(Qraham’s  vitreous  sodmm-metaphosphato)  with  chloride  of  barium,  as  a gelatinous 
precipitate  becoming  translucent  and  brittle  when  dry.  It  is  insoluble  in  pure  water, 
and  in  water  containing  sal-ammoniac,  easily  soluble  in  nitric  acid.  When  heated,  it 
gives  ofif  water  without  complete  fusion,  and  is  afterwards  but  sparingly  soluble  in 
nitric  acid.  It  is  decomposed  by  prolonged  boiling  with  water,  being  c'onverted  into 
an  acid  metaphosphate,  which  gradually  dissolves. 

Orthophosphates. — 1.  Tho  monobarytic  salt,  Ba'TI*P*0*,  prepared  by  evaporat- 
ing a Boluiion  of  the  di-  or  tri-barytic  salt  in  aqueous  phosphoric  acid,  is  white, 
crystalline,  apparently  triclinic  accordng  to  Brlenmcyer,  permanent  in  the  air  and 
Inis  a slightly  sour  taste.  It  dissolves  without  alteration  in  dilute  acids,  but  is  decom- 
posed by  water  into  free  phosphoric  acid  and  the  neutral  salt. 

2.  The  diharytic  salt,  Ba*IPP*0*,  is  obtained  by  double  decomposition  as  a scaly, 
crystalline  precipitate,  soluble  in  20,570  pts.  of  wafer  at  20®,  somewhat  more  soluble 
in  water  containing  chloride  of  barium,  cbloride  of  sodium,  or  ammoniacul  salts; 
ncconling  to  Ludwig,  it  dissolves  in  4362  pts.  waiter  contuning  L2  per  cent,  cbloride 
of  sodium  or  0 8 per  cent,  chloride  of  barium ; addition  of  pure  ammonia  renders  it 
less  soluble.  It  dissolves  easily  in  dilute  nitric  or  hydrochloric  acid,  less  easily  in 
acetic  acid,  of  which  it  requires  400  pts.  of  specific  gravity  1 032  to  dissolve  it  From 
the  solution  in  nitric  or  hydrochloric  acid,  ammonia  addf^  in  excess  throws  down  the 
triburytic  salt  (Berzelius)  or  a salt  intermediate  between  the  di-and  tri-barytic  salts. 
The  precipitates  also  contain  chloride  or  nitrate  of  barium,  and  a small  quantity  of 
ammoniacal  salt,  while  neutral  phosphate  of  ammonium  remains  in  the  wash-water. 
(Ludwig,  Wackenroder.)  ,, 

A salt  having  the  composition  Ba*n*P^O**.3IPO  ™ Ba'’H*P*0'.Ba*H*P*0*.3H*0, 
intermediate  between  the  mono-  and  diharytic  orthophosphates,  is  formed  by  precipi- 
tating a solution  of  the  dilmiytic  salt  with  alcohol. 

A solution  of  diharytic  phosphate  in  nitric  acid  yield",  on  addition  of  ammODia,  a 
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pn'oipitute  consisting  of  harj'tic  j>hospkat(h-nitrate^  2Ba*IPP*0*.Ba'*N'0*,  which,  when 
Hjuited,  leavea  a mixture  of  di-  and  tri-barytic  phosphatea.  (Wackenroder.) 

3.  The  triharytic  salt^  ia  formed  by  precipitating  chloride  of  barium 

with  trisodic  phoaphate,  or  with  disodic  phosphate  mixed  with  ammonia,  and 
aeparatca  aa  a heavy  granular  powder,  the  supernatant  Uquid  remaining  neutral. 
It  gives  off  water,  but  not  the  whole,  at  200'^,  and  docs  not  absorb  carbonic  acid  from 
the  air. 

A solution  of  this  salt  in  aqueous  phosphoric  acid  evaporated  on  the  water-bath, 
dc{K>(>its  a erystalUiie  powder,  and  if  it  Im  then  heated  to  boiling  and  ftltcnd,  the 
flhmte  on  further  eva^Kimtion  yields  the  monobarytic  salt  in  (apparently  tricliuic) 
crystals;  but  if  the  original  solution  he  at  once  heated  to  boilinp;,  it  de]K>sits  crystalline 
granules  of  tho  dibarytic  e;ilt,  lhi*II*P*0’,  while  the  inother-hquor  retains  a barytic 
pliospluito  containing  lat.  barium  to  d at.  phosphorus.  (Erlenincy  cr,  Jahrisb.  1857, 

A saturated  solution  of  Iriliarytic  phosphate  in  hydrochloric  acid,  if  evaporated 
and  left  to  cool,  dejHisits  crystals  of  chloride  of  barium,  the  mother-liquor,  after 
repealed  crystalJisHtion,  containing  a buyer  and  Iiyger  propf>rtion  of  monobarytic 
phosphate;  and  tf,  after  all  the  chloriue  has  been  se|>arawd  as  chloride  of  barium, 
more  hydrochloric  acid  be  added,  in  quantity  at  ]eiu--t  half  as  great  as  that  originally 
prese  nt,  the  whole  of  the  barium  may  be  sejmnited  us  chloride  ami  pure  phosplioric 
acid  obtaineiL  If  the  solution  of  tribaiytic  phosphate  in  hydrochloric  acid  bo 
evaporated  at  the  l>oi)ing  heat,  shining  needles  form  in  the  liquid,  and,  if  separated 
by  decantation,  immediately  crumble  to  a ciystalline  powder.  A solution  from  which 
tljesi*  ciystals  hud  se|w\ratcA,  yielded,  when  mixed  with  a quantity  of  water  sufficient  to 
ri'dissolve  them  completely,  and.  exposed  for  several  mouths  to  a summer  heat  in  a 
vessel  covered  with  filter-paper,  hard  w'cll-definwi  ciystala  of  a ph*j«phato~chhri<U, 
4(Iia"H*l**()*).Ba”Cl*.  (Erlenmeycr,  Juliresh.  1857,  p-  147.) 

A salt  intermediate  betw'ccn  tho  di-  and  tri-barytic  phosphates,  and  containing 

BaU**0*.na*II-PK)*  or  Ba*H*P*0**  is  formed  on  mixing  a solution  of  the  dibary  tic  salt 
in  hydrochloric  acid  with  a quantity  of  ammonia  exa«lly  sufficient  to  precipitate  it. 
(Berzelius.)  According  to  Ludwig,  a solution  of  dibiuytic  phosphate  in  hydro- 
chloric acid  yields  on  addition  of  ammonia  a phosphato^hlonde  of  barium  containing 

3B>P*0'MJa"CB.3H»0. 

y.  Pyrophoaphatey  Ba^P*0*. — Pyrophosphoric  acid  precipitates  baryta-water, 
blit  not  barium-salts ; these  salts,  however,  form  with  pyrophosphate  of  sodium,  a 
white,  amorphous,  pulverulent  precipitate  of  barytic  pyrophosphate  containing  1 at. 
water  at  100®  according  to  Schwarzeulx*rg,  2 at.  according  to  Gerhardt.  It  is 
sparingly  soluble  in  water,  aqueous  pyrophosphoric  acid,  and  aqueous  sulphurous  acid ; 
more  soluble  in  hydrochloric  or  nitric  acid ; not  perceptibly  soluble  in  acetic  acid,  in 
water  contaiDiug-sal-ummoniuc,  or  in  excess  of  sodic  pyrophosphate,  of  which,  however, 
it  taki«  up  a certain  quantity. 

Pbosphates  of  Blsmntli.  a.  Metaphoaphate. — Trioxide  of  bismuth  fused 
with  excesHof  phosphoric  anhydride,  forms  a clear  glass,  which  on  slow  cooling  with  fre- 
quent stirring,  yields  a crystalline  salt,  apivarently  consisting  of  tetrametaphorpbate 
of  bismuth.  It  is  insoluble  in  water,  and  is  decomposed  by  sulphide  of  sodium,  forming 
u teuuciou.s  muss  probably  containing  tctmnietaphu.spliate  of  sodium. 

A solution  of  bismuth-nitrate  mi.\ed  with  metuphosphorc  acid  and  then  with 
ammonia  lorm-i  a precipitate  insoluble  in  excess  of  amiuuma.  (rersoz.) 

p.  Orthophoaphaiea,  Bi”’PO*. — PrecipitaUd  by  nitrate  of  bismuth  from  a solu- 
tion of  OTthophosphoric  acid  containing  nitric  acid,  but  free  from  hydrochloric  or  sul- 
phuric acid  {Chancel,  CompL  rend.  1.  41G  ; Jahresb.  I860,  p.  622).  The  s^ime  salt 
containing  ^ at.  waU‘r  is  formed,  according  to  Eiihu,  by  digesting  ciystallised  bismuth- 
nitrate  with  ordinary  phosphate  of  soilium. 

7.  Pyrophosphate. — 2Bi^0’.3l"0*  or  Bi‘P‘0*’.  Obtained  by  precipitation  in  the 
same  manner  us  the  orthophospliate.  (ChanceL) 

Fhosptiates  of  Cadmlam.  a.  ^fetaphoaphafes. — When  oxide  of  cadmium  is 
fusi'd  with  phosphoric  anhydride,  nn  insoluble  salt  separates,  which  when  defvjmposi'd 
by  sulphide  of  ulkuli-nietal  yields  a (Fleitmann).  Nitrate  of 

cadmium  mixed  with  metaphosphoric  acid  and  then  with  ammonia,  forms  a precipitate 
which  dissolves  iu  excess  of  ammonia,  but  iw’paratos  again  as  tho  ammonia  evaporates. 
(Perso*.)  „ 

$.  Ort hophosphate,  CBP'O*. — Obtaine<l  by  precipitating  a neutral  solution  of  a 
cudmic  salt  with  disodic  orthophosphate,  as  a white  insoluble  powder,  which  melts  to  a 
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tnnspnrent  glatis.  According  to  Kiibn,  the  precipitate  bumetiroos  consibts  of  a mix* 
lure  of  di*  and  tri*cadmic  salts. 

Pyrophosphate^  Cd’i**0’.2H^0  (at  100°). — This  salt  is  obtained  bj  precipitation 
as  a white  amorphous  heavy  powder,  which  dissolves  in  sulphurous  acid  aud  sepamti-s 
in  nacreous  laminae  on  boiling  the  solution.  It  is  insoluble  in  water  and  in  potash, 
soluble  in  acids,  in  ammonia,  and  in  excess  of  sodic  pyrophosphate,  whence  it  is  pret'i* 
pitated  by  sulphide  of  uramonium.  When  igniteii  in  hydrogen.it  gives  off  a little 
phosphorous  anhydride  and  phosphoretted  hydrogen,  yields  a small  subllmat*'  of 
cadmium,  and  leaves  a white  saline  mna.s  still  containirg  phosphoric  acid  aud  oxide  of 
cadmium.  (Schwarzenberg.) 

Pbosphataa  of  Caloinm.  a.  ^ff(aphosphntes. — The  monoirutaphosphufr, 
Ca'F*0*,  is  obtained  by  dissolving  carbonate  of  calcium  in  orthophosphoric  acid,  iheu 
evaporating  and  beating  the  residue  to  316°,  as  an  insoluble  white  jK>wder,  which  is 
not  altered  by  water  or  dilute  acids,  but  is  deconip(>se<l  by  str()rig  sulphuric  acid 
(Maddrell).  It  is  not  dt'composed  by  alkaliiie*carlonatis,  so  that  its  acid  cannot  be 
tninsferrtHl  to  other  bast*.s.  (I'leitmann.) 

PiuuttiphosphaU  of  Ca*P‘()‘*  4ll*0,  is  obtained  pure  and  crystalline  by 

pn^eipitating  the  corresponding  potassium-  or  sodium-salt  with  excess  of  chloride  of 
calcium.  It  is  insolublo  in  water,  uud'is  but  slightly  attackini  by  strong  hydrochloric  or 
nitric  acid  ; but  strong  sulphuric  acid  decomposes  it  completely  when  heated  with  it. 
It  gives  otr  all  its  water  at  a red  heat;  the  ignit<^  salt  no  longer  contains 
dimetaphospiioric  acid,  and  is  not  decomposed  by  digestion  with  alkaline  curbonutes. 
(Fleitmann.) 

Dimttaphosphate  of  Cahium  and  Airnnonium^  Ca*(NH^)’P*0'*. 2H^0,  is  obtaine<l  in 
Bpicular  cry  stals  by  mixing  a solution  of  calcic  chloride  with  excess  of  the  ammonium- 
salt  and  adding  alcohol.  It  is  insoluble  in  water,  reacts  with  acids  like  the  pure 
calcium-salt,  and  does  not  give  off  all  its  water  till  heatcKl  to  redness.  The  precipitate 
formed  by  chloride  of  calcium  and  dimetaphoephate  of  ammonium  always  contains 
ammonia,  oven  when  the  chloride  of  calcium  is  added  in  excess.  (Fleitmann.) 

/3.  Orthophospkatesof  Cnlcivm. — 1.  The Monortf/tve Ca'lPP‘0*,  is  produced 
by  dissolving  the  di-  or  tri-calcic  salt  in  aqueous  phosphoric,  nitric,  or  hydr<M*hloric  acid, 
aud  crystallises  on  evaporati  m in  small  lamin<*e  or  scales  containing  1 at.  water.  It 
has  a strong  acid  reaction,  bi'comes  moist  and  gn-asy  when  exposed  to  the  uir,  and 
dissolves  readily  in  water,  forming  a solution  from  which  alcohol  precipitates  a 
mixture  of  mono-  and  di-calcic  orthophosphates,  or  a salt  of  intermediate  composition 
containing  Ca‘H‘*PH)«  - 2CaH*P’0».Ca*H»F0»  (Berzelius)  or  Ca’H‘P*0‘«  « 
CaH^P-O'.Ca’H^P’O*  (Raewsky).  According  to  Erlenmeyer  (Jahn*»»b.  1857,  p. 
14.5),  the  crystals  of  monocalcic  phosphate  are  decomposed  by  cold  water  into  dicalcic 
orthophosphate  which  separates,  and  a hyperacid  salt  which  remains  in  solution. 

Monocalcic  phosphate  melts  when  heated,  giving  off  all  its  water,  and  leaving  an 
insoluble  metaphosphate.  When  ignited  with  charcoal,  it  gives  off  carbonic  anhydride 
and  phosphorus,  and  leaves  a residue  of  tricalcic  phosphate  (p.  6U0). 

Compounds  of  monocalcic  phosphate  with  chloride  of  calcium  are  obtaimnl  by 
evaporating  a solution  of  tricalcic  phosphate  in  hydrochloric  acid  (p.  657). 

An  impure  mixture  of  monocalcic  phosphate  and  gypsum,  sometimes  mixed  with 
organic  matter,  is  much  used  as  a manure,  under  Uie  name  of  superphosphate  of  lime** 
or  “disintegrated  bone-ash it  w prepared  by  mixing  the  ground  bones  either  raw’  or 
burnt  with  6 to  10  per  cent,  sulphuric  acid.  (tSee  Richardson  and  Watts’  Chemiaal 
Ttchnolttyy,  i.  [4]  262.) 

2.  Dicaldc  orthophMj)haU  or  nmtral  phosphate  of  calctum^  Ca*H*P’0*,  is  formed  by 
precipitating  chloride  of  calcium  with  an  alkaline  orthophosphate,  especially  when  the 
solutions  aro  slightly  acid.  The  precipitates  thus  formed  vary  in  their  amount  of 
water,  and  aro  crystalline  or  amorphous,  and  more  or  less  soluble  in  acids,  acconling  to 
the  nmimer  of  the  precipitation  ; they  often  also  contain  admixed  tricalcic  phosphate. 

a.  Tttrahydrated,  Ca*H*P*0*.4ll*0. — A salt  having  this  composition  is  the  principal 
constituent  of  certain  ovoid  concretions  found  in  the  softened  ureters  and  the  cloaca  of 
the  sturgeon  (called  Bdiiyenstrine  in  German,  from  Bjdluga,  the  Russian  name  of  the 
ftsh).  It  is  forme<J  when  a solution  of  an  alkaline  orthophosphate  is  poured  into  a 
solution  of  chloride  of  calcium  (RaewskyX  and  may  be  obtained  crystallised  by  pre- 
cipitating chloride  of  calcium  with  excess  of  dlsodic  orthophosphate,  dissolving  the  pre- 
cipitate in  acetic  acid,  and  leaving  the  solution  to  itself,  or  by  pouring  the  solution  of 
calcic  chloride  into  a solution  of  Ksiic  phosphate  mixed  with  a largo  quantity  of  acetic 
acid;  or,  according  to  Percy,  by  completely  precipitating  chhjrido  of  calcium  with  a very 
dilute  solution  of  sodic  phosphate,  and  passing  earlx)nic  acid  into  the  liquid,  whereby  a 
portion  of  the  precipitate  is  dissolretl ; the  filtered  liquid  left  to  itself  in  a loosely 
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covered  vessel  deposits  the  salt  in  rhombic  plates.  When  a solution  of  chloride  of 
calcium  is  prttcipitated  by  a slight  excess  of  ordinary  sodic  phosphate — the  solution  with 
the  pn*cipitate  divided  into  two  equal  parts — to  one  ivortion  just  enough  nitric  or  hydro- 
chloric acid  added  to  effect  solution  without  the  aid  of  heat— the  other  portion  then 
a»lded— and  the  whole  allowed  to  stand  quietly  for  48  hours— the  amorphous  prccipitato 
of  dicalcic  phosphate  increases  rapidly  in  density,  and  is  gradually  converted  into  fine 
vhite  scales,  which,  under  the  niicn;)scope,  pn^sent  the  appearance  of  thin  tabular 
rhombic  prisms,  with  the  acute  prismatic  edges  generally  truncated,  so  that  the  crj  Htals 
have  the  appennince  of  im*j^lar  six-sided  tables.  The  suit  thus  formed  has  the 
com|.»osition  above  given:  it  is  decoinjHwed  by  boiling  in  water,  and  becomes  bulky, 
omiquo,  and  indistinctly  crystalline;  the  supernatant  liquid  strongly  reddens  litmus 
(Bodeker,  Ann.  Ch.  Pharni.  Ixix.  206).  The  same  hydrated  salt  is  likewise  obtained 
in  rhombic  tablets  by  allowing  u solution  of  disodic  phosphate  to  diffuse  slowly  into 
chloride  of  caldum.  (Brovermann.) 

Tetrahydratcd  dicalcic  ortliopliospluite  dr»es  not  lose  weight  in  vacuo  at  ordinary 
temj>ertitures,  but  wlieu  heattni  to  150®  it  gives  off  all  its  water,  accordiug  to  Bodeker; 
acoonling  to  Percy,  it  gives  off  2 at.  water  at  140°. 

b.  7'rihtftiraUd,  Ca’lI*I"'0'*.3H*0. — This  hydrate  separates  in  right  rhombic  crystals 
when  lime.Htone  is  subJectiKi  to  the  action  of  phosphate  of  ammonium  and  carbonic 
acid  (BecQuercl),  and  is  obtained  as  a crystalline  precipitate  when  a solution  of 
sodic  phosphate  is  dropped  into  a large  excess  of  calcic  chloride  (Berzeli  us) ; also, 
according  to  Kaewsky,  when  the  solution  of  calcic  chloride  is  added  to  the  sodic  phos- 
phate. it  gives  off  ^1  its  water  at  a red  heat. 

Dicalcic  orthophosphate  is  nearly  insoluble  in  cold  water,  and  is  resolved  by  boiling 
with  water  into  insoluble  triealcic  and  soluble  monccalcic  phosphate.  The  precipitated 
salt  dissolves  to  a slight  extent  in  exce>-s  of  chloride  of  calcium,  but  is  reprecipitated  on 
additi(»n  of  ammonia.  It  is  somewhat  more  soluble  in  water  containing  a small 
quantity  of  chloride  of  sodium,  ammoiiiacal  salts,  starch,  or  gelatin,  than  in  pure  water. 
It  dissolves  readily  in  nitric  and  hydrochloric  acids ; acetic  acid  likewise  dhtsolres  it, 
but  writh  some  difficulty  when  it  is  dense,  or  when  it  lias  been  precipitated  by  excess  of 
sodic  phosphate;  the  solution  thiw  obtained,  when  left  to  itself,  soon  deposits  the  salt 
in  crystals ; if,  on  the  contrarv,  the  chloride  of  calcium  was  in  excess,  the  salt  dissolves 
more  easily  in  acetic  acid,  and  the  solution  remains  perfectly  clear.  The  salt  dissolves 
also  in  other  organic  acids  and  in  carbonic  acid.  The  acid  solutions  react  with  alkalis 
just  like  solutions  of  the  tricalcic  salt.  Sulphuric  acid  decomposes  it  completely. 

3.  Tricalcic  orth/yphosphateoT  Neutral  phosphate  of  calcium,  CaP*0*or3Ca”0.P*O*. — 
This  salt  occurs  coml*ined  with  chloride  and  fluoride  of  calcium  in  apatite  (i.  348),  and 
purt*  in  osteolite  (iv.  247).  It  fonns  the  chief  constituent  of  the  inoi^anic  part  of  ^nca, 
(i.  622);  at  all  events,  the  precipitate  forme<i  by  di.«solving  bone-ash  in  nitric  acid  and 
precipitating  with  excess  of  ammonia  has  this  composition  ; the  l*ones  of  many  animals 
during  life,  perhaps,  contain  somewhat  less  lime.  Bon«‘-ush  contains  alx)ut  four-fifths  of 
its  weight  of  tricidcie  pha«phate,  tlie  rt'muinder  consisting  of  phosphate  of  magnesium 
and  cjirbunate  of  calcium  ; triealcic  phosphate  likewise  occurs  in  considerable  quantity 
in  the  excrements  of  carnivorous  animals  and  incoprolites.  Berzelius  formerly  auppost*d 
that  the  phosphate  of  calcium  contained  in  bone-earth  wras  not  pure  triealcic  phosphate, 
but  that  tlie  ignited  compound  consisted  of  SCaO.P^O*  or  2Cu*l*^0*.Ca*P-0b 

Trit*aleic  phosphate  is  obtained  in  the  amorplious  state  by  precipitating  chloride  of 
calcium  with  trisodic  phosphate  ; by  slowly  addiiign  solution  of  disodic  orthophosphate 
mixed  with  ammonia  to  a solution  of  chlori«le  of  calcium,  the  latter  l>eing  kept  iu  excess ; 
by  mixing  chloride  of  calcium  with  less  than  the  equivalent  quantity  of  disodic  ortho- 
phosphate, and  precipitating  with  ammonia;  or  by  treating  dicalcic  orthophosphate 
with  caustic  potash  or  soda,  which  abstracts  one-thud  of  the  acid : 

SCVH'PO*  + 2KIIO  = 2(5a'P’0*  + 2Kn»P0‘  + 2H*0. 

The  salt  obtnimd  by  either  of  these  processes  is  a translucent  gelatinous  precipitate 
which  dries  up  to  a white  earthy  powder. 

The  i«\It  is  obtained  in  the  crystalline  state  by  heating  dicalcic  pjTophosphate  with 
Water,  whereby  it  is  resolved  into  phosphoric  acid  and  triealcic  phosphate,  which  then 
separates  in  rectangular  plates : 

SCa*™’  3H*0  - 2CVP*0»  + 2n*P0<. 

Dicalcic  orthophosphate,  heated  with  water  to  280°,  undergoes  a similar  but  slower 
and  less  complete  transformation,  and  the  resulting  triealcic  salt  forms  indistinct  prisms. 
(Reynoso.) 

The  precipitated  salt  contains  iu  the  uir-dried  slate  3 to  6 at.  water,  2 at.  of  which 
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gTAtlually  escape  at  eomaion  temperatures;  the  salt  dried  at  100®  still  retains  1 at. 
irater  (Ludwig) ; according  to  Berzelius,  the  compound  contains  2 at-  water  ; after 
drj'ing  at  200®  it  is  anhydrous.  It  is  not  decomposed  by  simple  ignition,  but  when 
heated  to  rc-dness  with  silica  and  charcoal,  it  gives  off  carbonic  oxide  and  phosphorus 
(p.  500),  and  is  converted  into  silicate  of  calcium. 

Tricalcic  phosphate  is  insoluble  in  pure  water,  alcohol,  and  ether,  slightly  soluble 
iu  water  containing  chloride  of  scKlium,  ammoniacal  salts,  gelatin,  starch,  and  other 
organic  matters;  more  soluble  in  water  Cf>ntaining  carbonic  acid,  A litre  of  water 
saturated  with  carbonic  acid  dissnlvea  0 663  grm.  bone-earth,  the  greater  part  of 
which  (0'600  gnn.)  separates  on  boiling.  (Liebig.) 

Tricalcic  phosphate  dissolves  easily  in  nitric  and  hydrochloric  acids,  somewhat 
less  easily  in  acetic  acid  and  other  orpinic  acids.  It  is  completely  decomposed  by 
excess  of  sulphuric  acid,  if  not  too  dilute-  A solution  of  potassic  or  sodic  carlionato 
does  not  decompose  it  in  the  cold,  but  partial  decomposition  takes  place  on  boiling  or 
fusing  the  salt  with  an  alkaline  wirbonate.  Tricalcic  phosphate  dissolved  in  hydro- 
chloric acid  is  decompose*!  by  ferric,  uranic,  ceric  salts,  &c.,  in  the  manner  already 
described  (pp.  644.  645).  From  a solution  of  the  suit  in  nitric  acid  mixed  with  acetate 
of  potassium  or  sodium,  acetate  of  lead  throws  down  all  the  phosphoric  acid  as  phoephato 
of  Lad.  From  a similar  solution  the  calcium  is  completely  precipitated  as  oxalate  by 
addition  of  oxalate  of  ammonium,  the  whole  of  the  phosphoric  acid  remaining  in 
solution.  ,,  „ 

Tliesalt  8Ca"0.3P*0*.H'^0  — 2Ca*P’0".Ca*inP*0*.  formerly  supposed  by  Berzelius 
to  exist  in  bone-earth,  is  generally  obtuim*d  as  a gelatinous  precipitate  when  an  acid 
solution  of  tricalcic  phospLite  is  treated  with  ammonia  not  in  excess. 

Phosphato‘ch/vridrs  of  Calcium. — Some  varieticsof apatite  consistof  3Ca*P  O’.Ca'Cl*; 
in  others  the  chlorine  is  wholly  or  partly  replaced  by  fluorine.  A compound  of  triojiloic 
phosphate  with  ohJorido  of  calcium  is  produced  nrtificiiilly  by  mixing  the  recently  pre- 
cipitated dicalcic  orthophosphate  with  chloride  of  calcium,  and  gradually  heating 
the  mixture  to  redness.  Hydrochloric  acid  then  escapes,  and  the  n-sidue  still  contains 
chloride  of  calcium,  only  a small  portion  of  which  can  be  dissolved  out  by  water. 
The  exact  composition  of  the  residue  has  not  been  ascertained. 

Compounds  of  monocalcic  orthophosphate  with  calcic  chloride  arc  obtained  by  eva- 
poruting  a solution  of  tlie  tricalcic  salt  in  hydrochloric  acid.  A solution  saturated  and 
left  to  evaporate  at  common  temperatures  deposits  crusts  made  up  of  rhoniboitlal 
plates  of  the  Rilt  7Ca*H*P*0*.Ca"CF.14H*0.  The  same  solution  evaporated  over  tlio 
water-bath  first  deposits  the  dicalcic  salt  Cu*ir‘'l**0*,  and  the  filtrate,  when  furth<*r 
evaporated,  yields  first  a small  quantity  of  the  phosphato-chloride  just  mentioned,  then, 
wliile  the  liquid  is  still  warm,  white  scales  having  the  composition  Ctt"H*P-0“.Ca’'Cl*.H"0. 
Tlie  same  salt  is  obt>iined  by  adding  chloride  of  calcium  to  a solution  of  lime  in 
phosphoric  acid  containing  2 at.  CaO  to  3 aU  1^0*,  and  evaporating.  At  temperutur«-M 
below  6®,  this  salt  separates  partly  as  above,  partly  in  long  nce^es  containing  8 at. 
water  of  crystallisation  ; these,  when  kept  in  a closed  vessel,  are  n-suivi-d  uL  ordinary 
temperatures  into  water  and  the  preceding  hydrate.  A cold  sotunited  solution 
dicalcic  pliospbatc  in  hydrochloric  acid  yields,  at'cording  to  the  extent  to  which  tho 
evaporation  is  carried,  various  mixtures  of  salts,  among  which  monocalcic  orthophos- 
phate appears  to  occur,  but  never  pure.  When  a solution  of  dicalcic  orthophosphate 
in  hydrochloric  aciil  is  saturated  at  ortlinary  temjicnitures  with  tricalcic  phosphate, 
then  mixed  with  half  tho  quantity  of  hydrochloric  acid  already  contained  in  it,  and 
evaporated  at  a very  gentle  heat,  so  far  that  it  begins  to  crystallise  on  cooling  below  6®, 
the  crystals  thus  obtained  are  very  much  like  the  first-mentioned  phosphato-cliloride ; 
but  have  the  composition  4Ca''II*^0".Ca''Cl*.8H*0  and  the  liquid  separated  thervfrom 
yields,  on  further  evaporatiou,  the  salt  Ca"U'P*0*.Ca“Cl*,  with  1 or  8 at.  water,  accord- 
ing to  the  temptTHture  at  which  the  crystallisation  takes  place.  (Erlenmeyer, 
Jimresb.  1867,  p.  146.) 

Tricalcic  phosphate  unth  Alnvtinic  Hydrate^  Ca’P’0*.2Ar'H*0*. — A mineral  having 
this  composition  has  lat**ly  l>een  found  occurring  as  a light,  soft,  white  powder  in 
cavities  and  fissures  of  a ma.ss  of  quartz-orystids,  mix***!  with  iron  and  copper  pyrites 
and  pt^ly  coaled  with  childrenite,  from  Tavistock  iu  Devonshire.  Under  the  micro- 
scope it  is  seen  to  consist  of  minute  acicuhir  cystals,  transparent  to  transluc^'Ht  and 
fragile.  When  heated  alone  it  glows  and  becomes  opaque,  and  after  ignition  gives  u 
distinct  blue  colour  with  nitrate  of  cobalt.  It  gives  no  i*olour  to  a borax  bead  (unless 
childrenite  is  present).  It  gave  by  analysis  30  36  per  cent  P-'O*,  36“27  Ca"0,  22  40 

Al*0’,  and  12  00  water ; the  al)OTc  formula,  or  3Cu"0.P*0*.a1'’^O*  + 3H*0,  requiring 
3041  F ()‘,  36  97  Cu"0,  22  06  A\^0\  and  11*66  water.  (Church,  Chem.  Soc.  L 
xviii.  263.) 
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A mineral,  snpposod  to  be  a hydrabnl  culcio-alumiDic  phosphate,  w!i!<  found  by 
Bamour  (Instit.  1S63,  p.  77  ; Jahr»-«b.  lSo3,  p.  930)  in  the  diiunond  sand  of  Bahia. 
It  occurred  in  rounded  pebbles  eonlainiitg  12'?  per  cent,  water. 

7.  Pyrophosphate  of  Catcium,  Ca^P^O’. — Aqueous  pyrophosphoric  acid  pre- 
cipitat»*»  lime-water,  V»ut  not  ciiicium-saits.  Cliloride  of  calcium  yields  with  pyroplios- 
phate  of  sodium  a white  amorphous  precipitate  of  calcic  pyrophosphate;  and  if  this 
prr*cipitate  is  dissolved  in  a satumted  aqueous  solution  of  sul(>hurouM  acid,  and  the 
solution  heated,  the  salt  separates,  as  the  sulphurous  acid  escapes,  in  the  fonn  of  a 
crystalline  crust,  which  floats  on  the  surface  of  the  liquid  at  first,  but  ultimately  sinks 
at  the  bottom.  It  is  soluble  to  a small  extent  in  water,  insoluble  in  acetic  acid  and 
solution  of  sodic  pyrophosplmfe  (8ch  warzenberg).  Like  dicalcic  orthophosphate, 
it  is  more  or  less  soluble  iu  acetic  acid,  according  as  it  has  been  precipitatcHl  from  a 
solution  containing  excess  of  cliloride  of  calcium  or  of  the  alkaline  pyrophosphate 
(Baer).  It  is  easily  soluble  in  nitric  and  hydrochloric  acid,  nearly  insoluble  in  aqueous 
pyrophosphato  of  sodium.  The  crystalline  salt  contains  4 at.  water,  1^  at.  of  which 
are  retained  at  100°  and  1 at.  at  110°.  (Sch  warzenberg.) 

Phoapbate*  of  Cerium.  The  only  known  phosphate  of  cerium  is  the  trioerous 
ort  hophospbate,  Ce*F‘0",  which  occurs  as  a natural  mineral  l>oth  in  the  anhydrous 
and  tlie  hydratetl  state,  and  is  formed  artificially  by  precipitating  a ccrous  s;dt 
with  phosphoric  acid  or  a soluble  pliospbate.  Tiie  precipitate  is  white,  pulveni- 
lent  wnen  dry,  insoluble  in  water  and  in  aqueous  phosphoric  acid,  slightly  soluble  in 
hydrochloric  and  nitric  acids.  When  strongly  ignited  in  a charcoal-lined  crucible,  it  is 
neither  fused  or  reduced,  but  merely  cak«  s together. 

Anhydrous  tricerous  phosphate  occurs  in  and  PWpioemVe,  asso- 

ciated in  the  latter,  and  probably  also  in  the  former,  with  the  corresponding  phosphates 
of  lanthanum  and  didymiuro;  also,  together  with  phosphate  of  lanthanum  (and  pro- 
bably also  of  didymium),  phosphate  of  thorinum,  and  a small  quantity  of  phosphate  of 
calcium,  in  MonasiU. 

Cryptoliit  was  discovered  by  Wohler  in  the  rose-coloured  apatite  of  Arendal  in 
Norway,  from  which  it  is  separated  by  dissolving  the  apatite  in  nitric  acid.  The  cryptolite 
is  then  left  undissolved,  together  with  microscopic  cry  stals  of  magnetic  iron-ore,  hom- 
bhmde,  and  an  unknown  substance  of  a hyacinth-r«?d  colour.likewisc  contaiuing  cerium. 
Tire  crystals  of  cryptolite  are  hexagonal  prisms  about  a line  in  length,  and  of  a wine- 
yellow  colour.  By  exposure  to  a moderate  heat,  they  undergo  no  change  either  in 
appearance  or  in  weight  Specific  gravity  — 4*6.  Decomposed  by  strong  sulphuric  acid, 
tiro  whole  being  reduced  to  a dry  earthy  mass. 

Vho9phoctriU  was  discovered  by  Mr.  Ollive  Sims  in  the  cobalt-ore  of  Johannisbor^  in 
Sweden,  of  which  it  fonns  about  the  one-thousnndlh  part  It  remains  when  the  ore 
after  calcination  is  treated  with  hydrochloric  acid  for  llie  purpose  of  extracting  the  co- 
balt, as  a greyish-yellow  crystalline  powder,  associated  with  a small  quantity  of  minute 
dark  purple  crystals,  which  are  strongly  uttmctiKl  by  the  magnet,  and  appear  to  consist 
of  magnetic  iron-oro  and  oxide  of  colwilt.  The  crystals  of  phosphocerito,  when  exa- 
mineil  by  the  microscope,  prc'sent  two  forms—  one  an  octahedron  (not  regular),  the  other 
a four-sided  prism  with  quadrilateral  summits;  both  forms  aj'pear  to  belong  to  the 
triinetric  system.  Hardness,  between  fi  O and  5 5 (Chapman,  Chem.  Soc.  Qu.  J.  ii. 
154).  Specific  grnvity  = 4-78(Watts).  Wlien  exposed  to  the  blowpipe  flame  it  vitrefii>s 
partially  on  t!»e  tMlges  and  surface,  tinging  the  flame  at  the  same  time  slightly  gre<»n. 
With  the  usual  blowjnpc  niagents,  it  presents  the  reactions  of  cerium,  imparting  how- 
ever to  tlie  bomx  arui  phos{)lmte  of  soda  glasses,  when  cold,  a pale  violet-blue  tint, 
either  owing  to  the  pr«*sence  of  didymium  or  to  the  arlraixture  of  a small  portion  of  tlie 
cobaU-or*\  With  l»or.ix  and  soft  inm  win*  it  produces  a brittle  phosphide  of  in»n 
(Chapni  an).  Oil  of  vitriol  aidinl  by  gentle  heat  decomposes  it,  forming  a pasty  mass, 
which  is  soluble  in  cold  water,  willi  the  exception  of  n small  quantity  of  silica. 

Analys's:  a.  (Wohler,  Ann.  Ch.  riiarm.  Ivii.  268). — h.  PhosphoarHe 

/x»r  . t«_'-  n..  T i.’  iD.v 


(Watts,  Chem.  Soc.  Qu.  J.  ii.  181). 

tt. 

h. 

Phosphoric  anhydride 

27-37 

29-33 

Protoxide  of  cerium,  &e. 

702B 

66  6ft 

Protoxide  of  iron 

1-61 

2 70  I'VO* 

Protoxide  of  cobalt  . 

0 46 

99-14 

99  14 

Both  these  analyses  agree  approximately  with  the  formula  Ce’P*0*  or  3Ce0.P*O*, 
which  requires  36  47  |ht  cent.  P^O’’  and  69*53  CeO.  A closer  .'igreemenl  is  scarcely 
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to  bo  exp'clcd,  inasmuch  as  the  oxidee  of  bintlmmim  and  didymium,  which  exist  in 
large  quantity  in  phosphocerite,  and  are  probably  al.so  prr*sent  in  crrptolite,  were 
not  separate*!  from  the  cerons  oxide.  Phosphocerite  is  especially  remarkable  for  the 
largo  amount  of  did\'miiim  contiined  in  it.  If  this  is  also  the  case  with  crjrptolite, 
there  can  be  but  little  doubt  of  the  identity  of  the  two  minerals,  for  the  differences 
observed  in  the  erystalline  forms  cannot  be  repmled  u.s  important,  eras  quite  distinctly 
made  out,  inasmuch  as  the  ci^’staU  are  merely  microscopic. 

Hydrated  tricerous  phosphate  has  lately  been  found  by  Church(Chem.  Soc. 
J.  xviiu  269)  in  a crysfalliswl  mineral  from  Cornwall,  occurring  as  a thin  crust  of 
very  minuto  crystals,  closely  investing  a quartzose  matrix.  The  crystals  arc  ge- 
nerallv  arranged  in  fan-like  gro\ips  of  single  rows  of  prisms,  having  their  faces 
of  unfon  parallel  to  the  larger  lateral  prismatic  planes.  Sanetimes  the  structure  is 
almost  columnar,  or  in  radiaiing  grmips,  presenting  a drusy  surface,  and  in  general  ajv 
pearance  somewhat  like  tliat  of  wavellite.  The  crystals  appear  to  he  mon«x‘linic,  and 
are  prismatically developed.  The  end-face  oP  is  usually  an  unmodified  rhoml>oid;  some- 
times, however,  its  acute  angles  are  I nmcated.  Cleavage  parallel  to  oP,  very  ]>erfect ; 
the  crystals  are  clcavable  also,  parallel  to  a plane  replacing  the  acute  solid  angles  or 
acute  prismatic  edges  ; also  pamllel  to  the  larger  latentl  prismatic  planes.  The  crystals 
are  fragile,  transparent  to  translucent,  with  vitreous  lustre,  bright,  pearly  on  the  end- 
faces:  colour  pale  smoke-grey  inclining  to  flesh-red;  streak  and  |>owdor  white.  Tlio 
crystals  are  doubly  refractive.  Hanlne."8  rather  al»ove  3 ; specific  gravity  approxi- 
mately M 3 14.  The  mineral  heated  alone  in  a tube  becomes  opaque,  and  gives  off 
water,  having  a very  faint  acid  reaction.  In  the  outer  hlowpi|)e-flame  it  Iwomes  red- 
dish, and  then  exhibits  the  difficult  aolubility  of  cryptolite.  It  melts  and  dissolves 
completely  in  borax,  forming  in  the  oxidising  flame  a l>ead,  which  is  opaline  and  orange- 
yellow  while  hot.  colourless  or  slightly  amethystine  when  cold. 

The  mineral  gives  by  analyses  (mean)  14’93  per  cent  pliosphoric  anhydride,  6P87 
cerous  oxide,  6 42  lime,  and  14  93  water,  agreeing  nearly  with  the  formula  6Ce"0. 
Ca"0.2P*0*  8H*0  or  (|Ce''.jtOa")»p*()*,4}pO,  which  requires  27*73  per  cent.  P*0*, 

62*73  Ce"0,  6*47  Ca"0,  and  14*07  water.  (Church,  Soc,  J.  xviii.  259.) 

Pboapbates  of  Cbromlam. — a.  Chromic  metapho^phatc,  Cr*0’.3P*0*,  or 
Cr'‘'P*0*,  is  obtained  as  a green  anhydrous  salt,  perfectly  insoluble  in  water  and  in 
acids,  by  evaporating  a solution  of  chromic  oxide  in  excess  of  aqueous  orthophosphoric 
acid,  and  heating  the  residue  to  316*^.  (Mad  drel  1.) 

fi.  Chromous  orthophosphate  is  n blue  precipitate,  formed  on  adding  ordinary 
phosphate  of  sodium  to  the  solution  of  chromous  chloride.  It  is  easily  soluble  in  acid^ 
and  turns  green  on  exposure  to  the  air.  (Moberg.) 

y.  Chromic  orthophos  phate^  Cr^PO*. — A solution  of  chromic  chloride  made  as 
neutral  as  pow<ible  forms  with  phosphate  of  sodium  a green  precipitate,  which  turns 
blue-black  in  drying.  (Vauquelin;  see  also  Dowling  and  rlnnkett,  Chem. 
Gaz.  1858,  220.) 

When  disodie  orthophosphate  is  added  by  drops  to  a solution  of  chrotiie-aiuu],  but 
not  in  sufficient  quantity  to  throw  down  all  the  chromium,  a bulky  precipitate  is  fomuMl 
consi‘*fing  of  Cr*'PO*.6H*0,  which,  on  standing,  becomes  dark  nolet  and  crystalline. 
The  filtrate  from  this  precipitate,  if  treat e*.l  with  a qu  mtity  of  stxlic  pliosphate  sufficient 
to  precipitate  nearly  all  the  chr*)minm,  yields  a pent«hydru(e<l  salt,  Cr'"’PO*. 511*0,  less 
crystalline  and  somewhat  lighter  in  colour  than  the  preci'ding.  If  the  solution  of 
chrome-alum  bo  added  by  drops  to  the  solution  of  sodic  phosphate,  a flocculent  green 
precipitate  is  formed,  consisting  of  a trihydratc,  Ci^TOSSH^O.  (Hamraelsborg.) 

3.  Chromic  pyrophosphate^  2C^O’.3l*^0'  =■  CVP*0*'. — Formed  by  precipi- 
tating a solution  of  crystallised  chrome-alum  with  sodic  pyrophosphate.  At  ordinary 
temperatures,  a dirty  red  precipitate  appears,  but  with  a l^iling  solution  a pale  green 
precipitate  is  obtained.  This  salt  is  soluble  in  solution  of  sodic  pyrophosphate;  in 
strong  mineral  acids ; in  water  acidulated  with  sulphuric  acid,  from  which  it  is  again 
procipitate^l  in  an  amorphous  state  on  boiling;  and  in  solution  of  potash.  At  100°  it 
assumes  a deeper  green  colour,  but  after  ignition  app^uirs  paler.  The  hydrate  contains 
7 atoms  of  water.  (Sch  warzen  berg.) 

IPhospbates  of  Co1>alt*  a.  Metaphosphates. — The  monomeiaphoephate^ 
Co"PH)\  separates  ss  a rc»e-red  powder  when  sulphate  of  cobalt  is  heated  with  excess 
of  orthophosphoric  acid  to  310°.  It  is  insoluble  in  water  and  in  dilute  acids,  d»s'om- 
posed  by  warm  sulphuric  acid,  scarcely  acted  upon  by  sulphide  of  ammonium.  (Mad- 
drell.) 

The  he.vm'taphosphnfe  is  obtained  by  prec^itating  chloride  of  cobalt  (not  the  sul- 
phate) with  the  corresponding  .sodium-salt.  The  pr*'oipitate  is  red,  and  is  converted 
by  agitation  into  oily  drops  soluble  in  excess  of  the  odium-salt.  (II.  Rose.) 
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0.  Orthophosphate.  Co‘P®0*.8H*0. — Obtainf^i  by  treating  a eobalt-salt  with 
discnlic  orthophoephatp,  aa  a reddish-bluo  6oeculci)t  preciLitate,  which  disaolres  in 
c'xccss  of  the  cobalt-sjilt,  forming  a red  solution,  which  yii  l^  on  boiling  a red  precipi- 
tate, rediasolving  aa  the  liquid  cools.  By  decomposing  pyrophosphate  of  cobalt  with 
water  at  180*^,  the  same  salt  is  obtained  in  small  rose-coloured  ciystals,  which,  when 
heated,  gixe  off  water  and  turn  reddish-blue.  By  heating  carbonate  of  cobalt  with 
exce.ss  of  phosphoric  acid  to  150® — 160®  in  a sealed  tube,  a hydrated  salt,  Co*P*0*.2H-H), 
is  obtained  in  crystals.  (Debray,  Ann.  Cli.  Pharm.  cxv.  60.) 

Orthophosphate  of  cobalt  is  insoluble  in  water,  and  but  very  slightly  soluble  even  in 
presence  of  ammoniacal  salts,  but  diKsolvt^s  in  acids  and  in  free  ammonia.  By  igniting 
in  hydrogen  gas  it  is  reduced  to  tricobaltic  phosphide,  Co’P*.  The  precipitated  salt  is 
nse<{  as  apigment.  (Salv^tat,  Compt.  rend,  idrlti.  296.) 

A mixture  of  cobalt-phosphate  and  alumina  yirlds  wlien  ignited  a fine  blue  colour, 
known  as  Ixyden  (more  properly  Leithnrr's')  or  TkrnanC s 6/tte,  or  cohalt-uHramarmr. 
It  is  prepaid  by  mixing  16  pts.  of  recently  precipibited  gelatinous  alumina  with  2 
pts.  phosphate  (or  1 pt.  arsenate)  of  cobalt,  drying  the  mixture  thoroughly,  and  then 
gradually  heating  it  to  redness.  (Hundw.  d.  Cbem.  ri.  362.) 

7.  ’Pyrophosphate  of  Cohalt  obtained  by  precipitation  is  soluble  in  ejuess  of* 
the  alkaline  pyrophosphate  and  in  ammonia.  (Sen  warzenberg.) 

Vliospliatas  of  Copp«r.  a.  Metaphosphate. — This  salt  is  obtained  by  mixing 
cupric  sulphate,  nitnite  or  oxide  with  a slight  excess  of  aqueous  phosphoric  acid 
(best  in  the  proportion  of  4 at.  cupric  oxide  to  5 at.  phosphoric  anhydride),  evaporating 
und  heating  the  mass  with  constant  stirring  to  350  % till  it  no  longer  spirts,  and  phos- 
phoric acia  begins  to  escape  in  white  vapours.  The  mass  when  cold  is  to  l>e  washed 
■with  cold  water  till  the  wash-water  no  longer  exhibits  any  acid  reaction  ; the  cupric 
nietaphosphatc  then  remains  in  a pulverulent,  indistinctly  crystalline,  anhydrous  salt. 
If  a larger  excess  of  phosphoric  acid  is  used,  and  the  mixture  very  strongly  heated 
over  a lamp,  and  then  left  to  cool  very  slowly,  the  cupric  metaphosphate  separates 
in  shining  ciy*stals,  which  are  larger  and  more  distinct  in  proportion  as  the  mass  has 
been  more  slowly  cooled. 

Anhydrous  cupric  metaphosphate  is  bluish-white ; quite  insoluble  in  water,  nearly 
insoluble  in  most  acids  and  alkalis,  cv«m  when  concentrate*!,  hut  dissolves  easily  in 
ammonia.  It  is  easily  decomposed  by  sulphide  of  ammonium  or  potaaaium,  less  e.isily 
by  sulphide  of  so<lium,  yielding  in  each  case  an  alkaline  dimetapluisphatc ; hence  tlio 
salt  is  inferresl  to  be  cupric  dimotaphosphate,  or  2CuO, 21*^0*.  It  is  decom- 

posed by  warm  strong  sulphuric  acid  with  fomuition  of  ortliophoMphoric  acid. 

The  same  salt  is  ol*tained  in  small  w<-ll  defined  liydrate*!  erj'stals,  Cu*P‘0'*.8H’^'',  by 
mixing  moderately  concentrated  solutions  of  cupric  chloride  and  sodic  diraetaphosphate  ; 
from  dilute  solufions  it  easily  separates  on  addition  of  alcohol.  It  is  light  blue, 
insoluble  in  water;  does  not  part  with  its  water  of  crystallisation  at  100®. 
(Fleitmann.) 

Ammemio-cupric  metaphosphate^  Cir(Nn*)*r'0’*.4TT'0,  is  obtained  in  confused 
needle-«hap**d  crystals  on  mixing  moderately  concentrated  solutions  of  nmmonium- 
dimetuphoHplmte  and  cupric  chloride,  the  former  in  excess,  and  adding  alcohol.  It  is 
bright  blue,  sparingly  soluble  in  WHt*  r,  givea  off  a small  portion  of  its  water  at  ordiiiaiy 
temperatures,  but  still  retains  2 at.  water  at  100®.  Sometimes  the  ciystals  fom»e<l  by 
precipitation  ns  aliovo  contain  only  2 at.  w.ater,  and  these  are  permanent  in  the  air; 
but  the  circumstances  which  determine  tlio  formation  of  one  hydrate  or  the  other  aro 
not  exactly  understood.  (Fleitmann.) 

Orthophosphates. — An  acid  orOu>phosphaie  is  obtained  ns  a green  gummy 
mass  by  evaporating  a solution  of  the  tricupric  salt  in  jujiieous  phosphoric  acid. 

Pienpric  orthophosphate^  Cu^H’P^O*,  is  obtained  aa  a blue-green  flocculent  preeipitate 
liy  completely  precipitating  cupric  sulphate  with  disodic  orthophosphate.  It  is  inso- 
luble in  water,  sparingly  soluble  even  in  presence  of  ammoniacal  salts,  but  dissolves 
easily  in  acids,  even  in  acetic  acid.  By  iguition  with  charcoal  it  is  reduced  to  dicupric 
phosphide,  Cu*I*^.  ^ 

The  tricupric  salt,  Cu*P*0*,  is  pro<loce*l  hy*  precipitating  cupric  sulphate  with  sucli 
H quantity  of  dimalic  orthophosphate  as  to  leave  the  former  in  excess,  or  by  lieating 
cupric  pyrophosphate  with  wafer  to  280®.  The  first  mellual  yields  it  as  a blue-gr<H*n 
amorpiious  precipitate.  The  second,  in  dark  yellowisli-grcen  crystals,  but  containing 
3 at.  water.  It  behaves  with  water  and  other  reagents  like  the  dicupric  salt,  and  is 
reduced  by  ignition  with  charcoal  to  tricupric  phosphiile,  Cu*F*. 

Several  hydrated  basic  cupric  orthophosphates,  or  compounds  of  cupric  nrthopljos- 
phate  witii  cupric  hydrate,  occur  ;is  natural  minerals;  their  furmulm  are  aa  follows  : 
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Libethenite  ....  4Cu"0.F0‘.H«0  = CS'P*0'.Cu"H^« 

Pseudolibethenito  . . . 4Ca"0.P'0‘.  2H>0  - Cu»P'0*.Ca"H«0*.iiq. 

Tagilito 4Cu*0.P»0».3H’0  - CuT«0'.Cu'H«0*.2iiq. 

Dihydrite 6Cu'0.P*0*.2H*0  = (S>*P’0*.2Cu-'H'0» 

Ehlite  .....  CCu'OJ’O^.aH'O  <.  Cu'P'O'/iCu'H'O’.iiq.  (?) 

Phosphochalcite  . . . 6Cu"0.P*0>.3H'0  =.  Ci*P*0*.3Cu"HK)* 

Libethenite  occuw  at  Libpthen  in  Hungary  and  at  Nischno  Tagilsk  in  the  Ural, 
in  trimHric  crystals.  Ratio  of  axes,  n : b c » 0'9168  : I : 0*C7*t9.  Angle  oep  ; oep 
=-  84®  68' j tao  ; (baaal)  68^2*.  Ordinary  combination  ®P  . I*«  . P,  the  two 

former  faces  cyeatly  predominating.  It  is  isomorpbous  with olivenile,  Cu*(A8;  P)*0*. 
Cu^IUO*.  CleaTage  parallel  to  »Pao  and  «P«  very  indistinct.  It  likewise  occur* 
in  globular  and  reniform  compact  masses.  Hardiness  * 4.  Specific  gravity  — 3 6 — 
3'8.  It  is  subtransparent  or  subtninslueent,  with  olive-green  colour  and  streak,  and 
resinous  lustre.  Fracture  subconchoidal  to  uneven.  Brittle.  When  heated  it  gives 
off  water  and  blackens.  It  coloura  the  blowpipe  fiame  faintly  blue  and  after  being 
moistened  with  hydrochloric  acid,  distinctly  blue,  and  melts  to  a blackish  mass  wliich 
solidifies  in  the  crystalline  state.  It  is  partially  rt‘duced  on  charcoal,  completely  on 
addition  of  sodic  carbonate.  The  other  cupric  liydropbosphatcs  exhibit  similar 
characters  when  heated.  They  all  dissolve  in  acids  with  blue  or  green  colour,  in 
ammonia  with  pure  blue  colour. 

Analyses  of  LihetkeniU, — o.  From  Libethen ; crj’stallised  (Kuhn,  Ann.  Ch.  Pharm. 
li.  124).— 6.  The  same  (Bergemann,  Pogg.  Aon.  civ.  190).*^.  From  Nischoe 
Tagilsk;  crystallised  (Hermann,  J.  pr.  Chem.  xxxvii.  175): 


p»o» 

As»0* 

Cu'O 

H'O 

<L 

29-44 

. , 

66-94 

4-05  - 

100-43 

b. 

26-46 

2*30 

66-29 

4-04  - 

99-09 

C, 

28-61 

65-89 

6-50  = 

lUO 

The  formula  4Cn''0.P*0*.H*0  requires  29*72  percent.  P*0*,  66*61  Cu"0,  and  3*77  H*0. 

Faeudolibethenitefrom  Libethen  (so-called  libethenite)  analysed  by  Bert  hie r. 
(Ann  Min.  viii.  334),  contains  287  p‘r  cent,  P^O*  63  9 Cu"0  and  7'4  water;  that  from 
Linz  on  the  Rhine  (so-called  ehlite)  blackish  green,  and  of  specific  gravity  4*27, 
analysed  by  Rhodius(Ann.  Ch.  Pharm.  Ixii.  371),  contains  28*9  W)\  63*1  Cu"0  and 
7'3  water.  The  formula  4Cu*0.P*0*.2H’0  requires  28*64  P*0*  64*10  Cu*0  and  7*26 
water. 

Tagilitc,  a mineral  from  Xischne  Tagilsk,  ocenrring  in  emerald-green  masses  of 
sp<*cific  gravity  3 6,  contains  26*91  per  cent.  P*0^  62  38  Cu"0  and  10*71  water 
(Hermann,  hx.  cit.);  the  formula  4Cu"O.PH)*.31UO  requires  27*61  P*0\  61*86  Cu"0 
and  10*61  water. 

Dihydrite,  occurring  at  Vimeberg  near  Rheinbreitcnbach,  and  at  Nischne  Tagilsk, 
in  small  dark  green  crystals,  resembling  phosphochalcite  in  physical  characters, 
contains : 

p»0‘  Cu'o  n=o 

Vimeberg  , . 24*70  68*20  5*97  — 98*87  Arfvedson;  Bere.  Jahresb. 

iv.  143. 

Nischne  Tagilsk  . 26  30  68*21  6*49  100  Hermann,  4oc.  ct'L 

The  formula  6Cu"0.P*0*.2H*0  rf^iiires  24*69  P’0*,  69  06  Cu"0,  and  6*26  water. 

Kh  lit e (which  contains  vanadium)  bos  been  already  described (ii.  367).  Cupric hv- 
dropbosphates  are  also  found  at  Vimeljergand  Nischne  Tagilsk  containing  quantities  of 
water  intermediate  between  those  belonging  b>  dihydrite  and  ehlite.  (Rammels- 
be  rg’a  p,  346.) 

Phosphochalcite  forma  hemihedral  trimetric  crystals,  resembling  monocliniu 
forms.  Kutio  of  axes,  a : b : c » 0*667  : 1 : -/2  . Angle  ®P  : ®P  — 109®  28';  oP  : 
Poo  w 18|’.  Observed  combination  »P2  . »Pae  . P . oP  . Poo  . Pco  . P2. 

. Cleavage  parallel  to  ®Pac,  imperfect.  It  also  occurs  reniform  and  m.xssive, 
indistinctly  fibrous,  with  a drusy  surface.  Hardness  > 4*5  to  5.  Specific  gravity  » 
4 to  4*4.  Lustre  adamantine  inclining  to  vitreons.  Colour  dark  green.  Streak  a little 
lighter.  Transparent  to  subtransluceut.  Fracture  small  iHincLoidid.  Brittle. 

Analyses.^a,  From  Vimebei^  (Rhodius,  Ann.Ch.  Pharm.  Ixii.  37). — b.  From  Ehl 
onthe  Rhine  (Bergemann,  Pogg.  Ann. civ.  190). — e.  From  Hirschberg  in  the  Voigt* 
land  (Kuhn,  Ann.  Ch.  Pham.  xuiv.  218); 

VoL.  IV.  0 0 
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P'O* 

As*0 

Cu'O 

11*0 

<2. 

20-4 

70-8 

8 4 

•>  99-6 

6. 

19-89 

V78 

69  97 

8-21 

- 99  85 

c 

20-87 

. . 

71  73 

7 40 

- 100 

The  formulA  6Cu"0,P*0*.3H^0  requires  21*11  P^O,  70*87  Cu'O  nnd  8*02  water. 

T li  rombolite  is  an  amorjihous mineral  from  Rotzbunya,  eonsieling  approximately  of 
410  P’O*,  39  2 Cu’O,  and  16*8  water,  whence  it  is  probably  6Cu'‘O.3I”O*.101PO  or 


Cu’P“0*.2Cu"P*0*  lOH^O.  (Plattner,  J.  pr.  Chem.  xv.  321.) 


y.  Cupric  Pyrophosphate,  Cu*P*0MI‘0  (at  100®),  prepared  by  preoipitatinc  a 
cupric  salt  with  pyrophosphate  of  sodium,  is  an  amorphous  greenish-while  powder, 
which  becomes  dark  blue  when  dried  at  100®,  and  assumes  a lighter  blue  cojour  on 
ignition.  It  dissolves  in  mineral  acids  and  ammonia,  and  likewise  in  pyrophosphate 
of  sodium.  When  boiled  with  caustic  potash,  it  is  resolved  into  cupric  oxide  and 
orthophosphate  of  potassium.  Sulphurous  acid  dissolves  it  without  converting  it  into 
a cuprous  salt,  and  the  solution  when  boiled  deposits  it  again  in  the  cr)'stulliue  stUc. 
it  gives  off  its  water  on  ignition. 


An 

<^u' 

(PO*)* 

H*=» 


ainmonicciil  nfpric  pyroph/i^phute  3Cu*P0*.2(N^n*Cir)"0.4lI^0  or 

Iq,4  . 4ll*0  separates  gradually  from  an  ammoniaeal  solution  of  cupric  pyro- 


phosphate covered  with  a layer  of  alcohol,  in  mMlular  gnmps  nf  ultramarine-coloured 
crystnla,  which  must  be  dried  over  a mixture  of  siil-aiumoiiiae  and  quick-lime,  to  prevent 
them  from  giving  off  ammonia. 


PlioaplkAto  of  Bidymlanit  r>i*P’0*.2IPO,  separates  slowly  from  a mixture  of  the 
concentrated  solutions  of  nitrate  of  didymium  and  disodic  orthophosphate,  quickly  on 
diluting  the  liquid  or  on  boiling.  It  is  white,  pulverulent,  insoluble  in  water,  slightly 
soluble  in  dilute,  easily  in  concentrated  acids;  gives  off  its  water  at  a beat  near  redness. 
(Marignac.) 

When  a solution  of  didymic  sulphate  is  mixed  with  an  equivalent  quantity  of  phos- 
phoric acid  (1  at.  1**0*  to  3 at.  Hi"0),  two-thirds  of  the  didvmtum  is  precipitated  in  the 
form  of  a phosphate  which  in  the  dry  state  contains  3Dr6.2l'*0\6Il*0,  while  the  n'st 
remains  dissolved  and  is  precipitated  by  ammonia  as  a translucent  jelly,  which  dries  up 
to  translucent  roso-riMl  lumps  having  a conchoi'dal  fracture.  (Hermann,  Jahresb.  1861, 
p.  176.) 


Fhospbatea  of  OIucinacDi  A neutral  solution  of  nitrate  of  glucinum  forms  with 
dUodic  orthophosphate  a white,  amorphous,  pulverulent  precipitate,  which  when  dried 

over  chloride  of  calcium,  consists  of  dighicinic  orthophosphate  (j*n*P*0‘.6H’0.  With 
pyrophosphate  of  sodium  a white  pulverulent  precipitate  of  glucinic  pyrophosphate 

is  obtained.  (Scheffer,  Ann.  Ch.  Pharm.  cix.  144;  Jahresb.  I8A9, 

p.  140.) 

Fbospliateo  of  Iron. — a.  ferric  Metaphosphate^  Fe*OV3P*0*  or  Fe"P*0*. 
Produced  by  evaporating  a solution  of  ferric  chloride  with  excess  of  phosphoric  acid, 
and  heating  the  residue  to  316®.  The  white  powder  which  separates  is  insoluble  in  water 
and  in  dilute  acids;  strong  sulphuric  acid  aecompo.ses  it.  (Maddrell.) 


/3.  Ferric  Orthophosphates. — The  precipitates  formed  by  treating  soluble  ferric 
salts  with  alkaline  phosphates,  varj'  greatly  in  composition  according  to  the  nature  of 
the  solutions  used  and  the  proportions  in  which  they  are  mixed. 

Formal  ft:rric  orthophosphate,  Fe^0*.P*O*  or  is  formed  on  adding  disodic 

orthophosphate  to  u solution  of  ferric  chlori<le  or  sulphate,  made  hs  neutral  as  possible, 
or  mixed  with  a considerable  quantity  of'an  alknline  acetate  (p.  644).  The  same  salt 
iM  gradually  produced  when  a solution  of  ferrous  sulphate  is  mixed  with  disodic  ortho- 
phosphate till  a permanent  precipitate  begins  to  form,  and  the  filtrate  is  exjK>sed  to 
the  air. 

Ferric  phosphate  thus  prepared  is  a white  powder  insoluble  in  water,  nearly  inst»luble 
in  acetic  acid,  slightly  solul'le  in  water  containing  cnrl>onio  acid.  It  dissolves  in  dilute 
mineral  acids,  and  is  precipitated  therefrom  hy  alkalis  and  .alkaline  carl>ouates,  and 
likewise  by  alkaline  acetates.  In  presrticeof  excess  of  sodic  phosphate,  the  precipitate 
of  ferric  phosphate  is  dissolved  by  ammonia  and  by  carlnjaate  of  ammonium.  Ferric 
phosphate  is  soluble  in  ferric  chloride  and  slightly  also  in  fi  rric  acetate,  but  qnite  in- 
soluble in  ferrou.H  acetate.  Hence  wlien  a solution  of  ferric  pho«phale  in  an  acid  la 
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rntxc^i  with  fpiric  chlorido  and  an  aUcalino  acetate,  a small  portion  of  it  remains 
ditisolved;  but  if  the  ferric  salt  be  first  reduced  to  ferrous  salt  by  sulphurous  acid,  and 
tb«  n treated  with  ferric  chloride  and  ulkulino  acetate,  tlie  whole  of  the  phosphoric  acid 
is  precipitated  as  ferric  phosphate:  the  precipitation  is  much  accelerated  by  boiling. 

Ferric  phosphate  slowly  gives  up  its  acid  to  aqueous  alkalis.  Wlien  an  acid  solu- 
tion of  the  gall  is  precipitated  by  ammonia,  a brown  basic  salt  is  formed  containing 
31'e*0*.2P’0M6H-0  or  Fo*0*  4Fe*"P0M6n*0.  By  boiling  with  potash-ley  a still 
larger  quantity  of  acid  is  removed,  and  the  residue  contains  15  at,  Fe*0*  to  1 at. 
1^0*  (Kammelsberg),  probably  a mixture  of  the  normal  salt  with  ferric  oxide.  To 
remove  the  whole  of  the  phosphoric  acid,  the  salt  must  be  fused  with  an  alkali  or 
alkaline  carbonate. 

Ferric  phosphate  dissolves  also  with  facility  in  tartaric  acid,  citric  arid,  tartrate  of 
ammonium,  citrate  of  sodium  uud  citrate  of  ammonium.  The  la.st  mentioned  solution 
when  spread  upon  glass,  dries  up  to  brownish-green  scales  which  dissolve  in  cold 
water,  mrming  a solution  having  an  agreeable  saline  taste  ; tliey  contain  44  per  cent, 
ferric  phosphate,  Fe'”PO*.  46  p<*r  cent,  citrate  of  ammonium,  and  10  per  cent,  water; 
this  salt  may  be.  used  in  medicine.  (Ileydcnreich,  Chera.  Kews,  iv.  168.) 

Ferric  phosphate  in  acid  solution  is  completely  decomposed  by  addition  of  ammonia 
and  sulphide  of  ammonium,  the  whole  of  the  iron  being  precipitated  as  sulphide,  and 
the  whole  of  the  phosphoric  acid  remaining  in  solution. 

The  white  neutral  salt  gives  off  its  water  at  a red  heat  and  turns  brown.  On  char- 
coal before  thtr  blowpipe  it  is  reduced  to  an  ash-grey  bead  ; under  fluxes  it  is  reduced 
only  at  very  high  temperatures.  When  strongly  ignit«xl  over  a lamp  in  a stream  of 

hydrocen  gas,  it  is  reduced  to  ferrous  pyrophosphate,  Fe*P*0\  which  if  further  heated 
to  whit*'U^s  in  the  gas,  is  completely  Jeoxidised  and  converted  into  a phosphide  of 
iron,  Fe^P*  (Struve,  Jahresb.  1860,  p.  76.) 

A basic  ferric  phosphate  containing  2l*e'0*.1^0*  or  Fe*0’,2Fe*'P0^,  occurs  in  nature 
eombineil  with  various  quantities  of  water. 

Cacoxene,  2Fe*O*.P*0M 211*0,  from  the  Hrbeck  mine  near  Zbirow  in  Bohemia, 
forms  yellow  or  brownish  radiated  tufts  becoming  brown  on  exposure.  Hardness  = 3'4. 
Specific  gravity  » 3*38.  An  analysis  by  r.  Hauer(Jabrb.  d.  geol.  Beichsanst.  1854, 
p.  67 ),  gave  19  63  per  cent.  P*0*,  47*64  Fc*0‘,  and  32*73  water,  the  formula  requiring 
2094  PK)*,  47'2U  Fe*0*,  and  31*86  water;  but  different  specimens  present  great 
diversities  of  composition,  arising  from  alteration,  or  the  presence  of  foreign  substance.^. 

Dufrenito  or  Green  iron  ore,  2Fe*0*.P'0*.5H‘O,  has  been  alivady  described 
(ii.  347). 

Delvauxene  or  Delvauxite  (ii.  340).  is  an  iron  ore  of  variable  com|>o8ition,  some 
specimens  contaimng2Fe*0*.P^OM8H*0, others  containing  the samt- with  24H'0,  while 
others  contain  lime,  and  according  to  v.  Hauer,  may  be  represented  by  the  formula, 

Ca"P0".2(Fe*0*.Fe"P0*).24H=0. 

Carphosiderite  (from  the  mica  .slate  of  Labrador)  is  a hydrated  ferric  phosphate 
containing  small  quantities  of  manganese  and  zinc,  but  it  has  nut  been  analysed  quan- 
titatively. It  occurs  in  straw-yellow  rvuiforra  masses  and  incrustations,  having  a 
resinous  lustre  and  a greasy  feel.  Hardness  4 — 4*5.  Specific  grarity  2*49 — 2*5. 

(Dana,  ii.  431.) 

Bog  iron  ore  (iii.  338)  also  contains  variable  quantities  of  phosphoric  acid.  Many 
other  iron  ores  also  contain  small  quantities  of  that  acid,  in  consequence  of  which,  pig 
iron,  especially  tliat  prepared  by  the  hot  blast,  generally  contains  small  quantities  of 
phosphorus.  In  many  strata,  ferric  phosphate  occurs  in  considerable  quantity 
together  with  phosphuto  of  calcium.  In  some  of  the  lower  strata  of  the  chalk-forma- 
tion  of  Sussex,  Herapath  found  as  much  as  25  per  cent,  ferric  phosphate,  and  in  many 
coproUles,  from  7 to  9 per  cent. 

A hpJrO’ferric  phosphate  or  acid  ferric  phosphate,  containing  Fe'‘TI*P*0*.2H*0,  is 
said  to  separate  from  a solution  of  the  normal  salt  in  aqueous  phosphoric  acid,  left  to 
itself  in  a closed  vessel,  in  transparent  cubic  crystals,  which  are  tasteless,  insoluble  iu 
water,  but  soluble  with  browii-yoUow  colour  in  ammonia  (Wincklcr).— According 

to  U Gme\in{Handiook,  y.  226),  the  salt,  Fe*H*PH3'*.6H»0  or  3P*0*.12H*0, 

Is  precipitated  by  disodic  orthophosphate  from  a solution  of  ferric  chloride,  according 
to  the  equation : 

2FeCl*  + 3NVHP0*  - Fe=H*PK)»  + 

but  according  to  most  authorities  the  precipitate  thus  formed  consiits  of  normal  ferric 
orthophosphate,  Fe^PO*,  and  phosphoric  arid,  H*P0*.  remains  in  solution  (p.  562). 

Ammonuhferric  phosphate. — Ferric  ph<»sphab-  dissolves  in  ammonia  in  presence  of 
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phosphate  of  sodiom,  fonnioga  red-brown  solution  which  gives  off  ammonia  on  evapo- 
ration. 

7.  Ferrous  Ort hopkosphaie.  3Fe"0.P*0*.8H’0  — FHP*0“.8HH). — This  salt  is 
formed  as  a white  crystalline  maas  when  a plate  of  iron  is  left  immersed  for  a long  time 
in  a solution  of  phosphate  of  ammonium  in  an  open  vessel*  or  when  a solution  of  disoriic 
orthophosphate  is  decomposed  by  a very  weak  voltaic  current  with  a plate  of  iron  for 
the  positive  electrode  (Becq  uerel).  It  may  l>e  prepared  bv  dissolving  metallic  iron 
in  phosphoric  acid,  or  by  boiling  ferrous  sulphate  with  disodic  orthophosphate,  both 
solutions  having  b^n  previously  de-aerated  by  boiling,  The  white  precipitate  must 
be  protected  from  the  air  during  washing  and  drying.  If  the  solution  of  ferrous  stiU 
phate  is  pour<*d  into  the  phosphate  of  sodium,  the  precipitate  is  said  to  contain 
diferrous  orthophosphate,  Fe*H*r*0*,  as  well  as  the  triferrou.s  salt. 

Triferrous  orthophosphate  is  white,  insoluble  in  pure  water,  slightly  soluble  in 
water  containing  carbonic  acid  (in  1.000  pts.  of  water  containing  rather  more  than  its 
own  volume  of  carbonic  anhydride:  Pierre).  It  difwdres  easily  iu  dilute  mineral  acids 
and  in  560  pts.  water  containing  iJsth  of  commercial  acetic  acid:  al.««o  in  ammonia, 
forming  a yellowish  solution  whicli  soon  becomes  turbid  by  oxidation  on  exposure  to 
the  air;  and  in  1,666  pts.  water  containing  loO  pt.s.  of  a concentrated  solution  of 
acetate  of  ammonium.  The*  preeipitat<*d  phosphate  dissolve-s  in  excess  of  the  soluble 
ferrous  suit.  It  melts  befort?  the  blowpipe  and  solidifies  to  a ciystalline  mass  on 
cooling;  when  fused  witli  sodic  carbonate  on  charcoal,  it  is  reduceil  to  phosphide  of 
iron. 

When  precipitated  ferrous  phoi^phate  is  washed  with  water  containing  air  and  dried 
in  contact  with  Uie  air,  it  is  converted  by  oxidation  into  a lavender-bJue./Vrrost^^/rrr/i? 

phosphate  containing,  according  to  Rammelsberg,  21‘VP*0*,(I'*oK)*.2Fe"PO*).16lI*0. 

Triferrous  phosphate  occurs  native  as  vivianite  or  blue  iron  earth,  more 
frequently,  however,  altered  by  oxidation  to  ferroso-ferrio  phosphate.  This  mineral  forms 
rooDocUuic  crystals  in  which  the  orthodiagonal,  clino<liagonal,  and  principal  axis  are  as 
1*3843:  1 : 1*002.  Angle  of  inclined  axes  ■■  71®  25:  »P  : oeP  es  111®  12' 
oP:[Poo]  m 145®  ST.  Dominant  combimition  ocPco  . [ oePw  ] . ocP  . otP3  . + P. 
— P,  + ^P.  — JP.  Cleavage  parallel  to  [ ooPx  ] highly  perfect ; parallel  to  oe  Poo  and 

^Poo  in  traces.  It  often  occurs  also  reniform  and  globular,  with  divergent,  fibrous,  or 
earthy  structure;  also  incm.sting.  Ilardness  «■  1*3 — 2.  Specific  gravity  = 2*661. 
Lustre  pearly  or  metallic-pearly  on  the  faces  [ oePoo  ],  vitreous  on  other  faces.  Colour 
usually  blue  to  green,  dt*epening  on  exposure  ; in  pt'rfcctly  unaltered  specimens  colour- 
less. Streak  bluish-white,  soon  changing  to  indigo-blue;  di^  powder  Hvor-brown. 
Transparent  or  translucent*  becoming  opaque  on  expt^sure.  Fracture  not  observable. 
Thin  laminte  flexible.  S«H*tile. 

Anait/ses. — a.  From  Delaware;  colourless,  turning  green  on  exposure  (Fisher,  Sill. 
Am.  J.  [21  ix.  84). — b,  c.  Crystallised,  altered  by  oxidation ; b from  Bo^lenmuis ; c from 
Mullica  liill,  Gloucester  County,  New  Jersey  (Rammelsberg.  .iV/n/raiAcmiV,  p. 
326). — d.  From  Allentown,  Monmouth  County,  New  Jersey  : earthy  (K  arlbau  m.  J'ifl. 
Am.  J.  [2]  xxiii.  422). — e.  From  Kertsch  in  the  Crimea:  ligiit  blue  (Struve,  J.  pp. 
Chem.  XX.  236). — /.  From  Bargusin,  Lake  B'likal:  earthy;  dirty-blue  (Struve,  b*c. 
oit.).^a.  From  Kertsch : dark  brown,  crystalline;  specific  gravity,  2*72  (Struve, 
loc.  cit!) : 


a. 

A. 

c. 

(/. 

f. 

/. 

<7. 

Phosphoric  anhydride 

. 2717 

29-01 

28*60 

29*65 

2917 

19  79 

28-73 

Ferric  oxide 

. . • 

11-60 

11-91 

18  45 

21  31 

.33-11 

38*20 

Ferrous  oxide 

44-10 

35  65 

34*62 

27  62 

21 54 

13  75 

9-75 

Water  . 

. 27-95 

26-13 

25*60 

27-50 

26-10 

24-12 

Magnesia 

Silica  . . , 

. 0-10 

• • 

003 

• • 

7-37 

99-32 

, , 

101-16 

101-35 

99-55 

100-12 

10080 

a agrees  nearly  with  the  formula  of  hydrated  triferrous  phosphate,  3Fe0,P*0*.8H’0  or 
Fe*I»0*.8H*0  (calc.  28*29  43*03  Fe*0.  28*68  H ‘O) ; b and  c with  that  of  a ferroso- 

forric  phosphate  containing  6(3Fe0.P*0'.8H*0)  + 3(Fe’0*.2P’0*.8H^’)\  which  re- 
qnirea  29  00  per  cent.  P*0\  12  24  Fe*(P.  33*(ffi  FeO,  and  25*70  water.  The  remaining 
analyses  may  be  represented  approximate!}'  by  the  following  formula* : 


d. 

3KpO.FO‘ 

+ 

F»’0*.P=0* 

+ 

12aq. 

e. 

3(3Fe0.P'O») 

•P 

4Fe=0*.3P-0» 

45aq. 

/. 

3FeO,FO* 

+ 

2 3F.>’0V2F0‘) 

+ 

33iiq. 

3 

2t3M"O.FO*) 

3Fe'0* 

2 1 aq. 
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Crystals  of  viTianite  hare  been  found  in  the  hollow  of  a bone  beloogios  to  the  ske* 
letoD  of  a miner  discovert^  in  au  old  working  at  Tamowitz  (Haidioger,  J.  pr.  Chem. 
xliv.  81).  Schlossberger  (Ann.  Ch.  Pharm.  Ixii.  382)  mentions  that  some  iron  nails 
found  in  the  stomach  of  an  ostrich,  and  partly  enTeloped  in  black  animal  matter,  bo< 
came  covered,  after  several  days'  exposure  to  the  air,  with  blue  spots,  apparently  arising 
from  the  formation  of  rivianite. 

Ferrous  phosphate  occurs,  with  other  metallic  phosphates,  in  several  minerala.  C h i 1 • 
drenite(i.  869;  is  a phosphate  of  iron,  aluminium,  and  manganese ; triplite  (p.  671), 
phosphate  of  iron  and  manganese ; triphylline  (p.  672),  a phosphate  of  iron,  man- 
ganese, and  lithium.  ^ 

A compound  of  d\ferroui  orthophosohate  with  nitrous  orids,  Fe*H*P*0*.N0,  is  ob- 
tained as  a brown  precipitate  on  adding  disodic  orthophosphate  to  a solution  of 
a ferrous  salt  saturated  with  nitric  oxide.  When  exposed  to  toe  air,  it  absorbs  oxygen 
and  is  converted  into  ferric  phosphate  and  nitrate.  (Uandw.  d.  Chem.  vi.  364.) 

Ammonio-ferrotta  OTthopkosphaUj  (NH*)*Fe*P*0*.2H*0. — This  salt,  analogous  in 
composition  to  ordinary  ammonio-m^nesian  phosphate  dried  at  100^,  is  formed  by 
mixing  a solution  of  14  pts.  of  iron  in  hot  hydrochloric  acid  with  a small  portion  of 
sulphite  of  ammonium  ; adding  to  it  while  hot  a thoroughly  boiled  aqueous  solution  of 
100  pts.  crystallised  ordinary  phosphate  of  sodium,  which  immediately  precipitates 
white  ferrous  phosphate;  then  adding  ammonia  in  slight  excess — immediately  closing 
the  Hask,  which  must  be  completely  ^led  with  the  liquid — ^tating — and  leaving  the 
mixture  to  itself  for  a few  minutes,  till  the  precipitate,  which  is  £>cculent  at  first,  is 
converted  into  laminse,  which  sink  rapidly  to  the  bottom.  If  it  remains  flocculent,  the 
liquid  must  be  heated  again,  perhaps  with  the  addition  of  a small  quantity  of  ammonia  ; 
if  part  onl^  of  the  precipitate  becomes  crj'stalline,  the  lighter  flakes  must  be  separated 
by  levigation  from  the  crystalline  laminse.  The  laminse,  on  which  the  air  no  longer 
exerts  any  oxidising  action,  are  then  thrown  upon  a filter,  washed  with  thoroughly 
boiled  water,  and  dried.  No  ammonia  must  be  added  to  the  water,  because  it  im- 
mediately induces  oxidation,  so  that  hydrated  ferric  oxide  remains  on  the  filter,  and 
the  water  runs  off  brown  ; hence  also,  in  preparing  the  salt,  care  must  be  taken  not  to 
add  too  much  ammonia.  It  forms  greenish-white,  soft  laminfe,  which  when  rubbed  on 
the  hand,  produce  a coating  like  silver;  they  are  permanent  in  the  air;  the  salt  when 
heated  in  the  air  gives  off  water  and  ammonia,  and  leaves  first,  greenish  ferrous  phos- 
phate, amounting  to  77  per  cent. — then  yellowish-white  ferric  phosphate.  With 
potash-solution  it  evolves  ammonia,  and  when  boiled  therewith,  gives  up  its  phosphoric 
Hcid  and  is  converted  into  ferroso-ferric  oxide  having  the  form  of  the  original  lamins. 
It  is  insoluble  in  water,  even  at  the  boiling  heat  While  yet  moist  it  disMlves  readily 
in  acids,  even  when  dilute ; but  after  drying,  it  dissolves  but  sparingly  and  with  diffi- 
culty even  in  concentrated  acids.  (Otto,  J.  pr.  Chem.  ii.  409.) 

8.  Ferric  Pyrophosphate,  2Fe*O*.3P^0*.9H*0  * I*0*P*O*'.9H*O. — Obtained  by 
dissolving  sublimed  ferric  chloride  in  water,  and  precipitating  by  phosphate  of  sodium ; 
the  supernatant  liquid  is  neutral.  It  is  a nearly  white  powder,  having  a slight 
yellowish  tinge,  which  deepens  at  lOC^,  and  becomes  lighter  agi^  after  ignition; 
dissolves  in  ad^  and  in  plioephate  of  sodium,  likewise  in  ammonia ; in  the  latter  it 
forms  a yellow  solution.  It  is  insoluble  in  hydrochloric  add,  sulphurous  acid,  and  sal- 
ammoniac.  On  dissolving  it  in  liydrochtoric  acid  without  boiling,  and  pn^^ipitating 
by  ammonia,  the  precipitate  dissolves  completely  in  excess  of  ammonia.  CarlK>nate  of 
ammonium  dissolves  it,  forming  a colourless  solution,  whereas  the  ordinary  phosphate 
forms  a yellow  solution.  It  is  completely  decomposed  by  fusion  with  a mixture  of  car- 
bonate of  sodium  and  carbonate  of  potassium.  After  drying  at  190®,  it  lost  by  ignition 
17'66  per  cent  of  water,  and  the  ignited  salt  was  found  to  cont^  4T7  Fe*0*  + 
68  3 P»0». 

Acid  ferric  chloride  precipitated  by  pyrophosphate  of  sodium,  yields,  not  ferric  pyro- 
phosphate, but  an  orthophosphate  containing  1 atom  of  base  to  1 atom  of  acid;  iu 
loo  parts:  61'66  Fe*0*  + 48'34  P*0*.  This  salt,  when  boiled  with  ordinary  phos- 
phate of  sodium,  does  not  yield  pyrophosphate  of  soda,  as  is  the  case  with  the  pre- 
ceding. (Schwarzenberg,  Ann.  Ch.  Pharm.  Ixv.  163.) 

f.  Ferrous  Pyrophosphate,  Fe*P*0',  is  produced  by  strongly  igniting  normal 
ferric  orthopho^hate  in  a stream  of  hydrogen.  If  further  heated  to  vmiteness  in  the 
same  gas,  it  sufifers  ftirther  reduction,  giving  off  phosphorotted  hydrogen,  phosphorous 
acid,  and  phosphorus,  and  leaving  a greyish-white,  mctallic-Bhining,  non-magnetic 
phosphide  of  iron,  having  nearly  the  composition  Fe*I”  (Struve,  Jabresb.  1860,  p.  76). 
Ferrous  pyrophosphate  is  likew’ise  obtained  by  treating  a ferrous  salt  with  pyrophos- 
phate of  sodium,  as  a white  amoi^>hous  prt'cipitate,  which  turns  green  and  brown  on 
pobure  to  the  air.  (Schwarzenberg.) 
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Phosphate  of  l»anthanam. — A solution  of  sulphate  of  laulhanum  mixed  with 
an  cquividcnt  quantity  of  phosphoric  acid,  yields  a precipitate  of  an  acid  urthophus- 

pliate  3La"0.2P*0\  or  La"P'0*.P0*,  but  when  phosphoric  acid  is  gradually  added  to 
a warm  solution  of  the  lanthanum>salt,  a white,  pulverulent  precipitate  is  formed,  consist- 

ing  of  the  normal  salt  (R,  Herman#n,  J.  pr.  Chem.  Ixxzii.  385).  The 

latter  occurs  together  with  phosphate  of  cerium  in  monozite,  cryptolitc,  &e.  (p.  658). 

Phosphates  of  &ead.  a.  Metaphoaphates.^X.  Dimetaphospkate,Vhr0.2V*0* 

= Pb*P*0**.  A solution  of  sodic  diinetaphosphatc  mixed  with  excess  of  lead-nitrate  de- 
posits this  salt  after  a while  in  tolerably  distinct  crystals;  by  precipitation  with  tlie 
ammonium-salt,  it  is  obtained  at  once  as  an  amorphous  precipitate.  It  is  anhydrous, 
nearly  insoluble  in  water,  melts  without  intumescence  at  a red  heat,  and  solidifies  to  a 
trans|mrf-nt  gla.«s  on  cooling.  (Fleitmann.) 

Dimetaphonpkate  of  lead  and  ammomumy  (NH*)*Pb'P*0**,  is  obtained  by  treating 
the  lead-salt  just  descrilcd  writh  excess  of  dimetaphosphate  of  ammonium,  or  by  pre- 
cipitating nitrate  of  lead  with  excess  of  the  ammonium-salt.  It  forms  ciystallina 
spangles  sparingly  soluble  in  water,  and  but  slowly  attacked  by  acids.  It  does  not  lues 
weight  at  150°,  and  gives  off  ammonia  only  on  prulunged  agitation.  (Fleitmann.) 

2.  TriniftaphosphiUy  3Pb"0.3P’0*.3lI-0  or  Pb’r*0**.3H*0. — Obtained  by  mixing 
a moderately  concentrated  solution  of  Modic  trimetaphosphate  with  an  equivalent  quan- 
tity of  lead-nitrate  ; the  liquid  (to  be  filtered  if  turbid),  deposits  the  salt  on  standing, 
in  small  crystals,  which  are  very  slightly  soluble  in  water,  autl  give  off  their  water  of 
crystallisation  with  intumeswnco  when  heated.  A solution  of  tlie  sodium-salt  precipi- 
tated with  acetate  of  lead  yields  a salt  containing  excess  of  base.  (Fleitmann  and 
llounebcrg.) 

3.  Tetrametaphospkat€y  Pb*P*0**. — When  protoxide  of  lead  is  heated  for  some  time 
with  excess  of  phosphoric  acid,  a salt  separates  which  redissolves  quickly  and  com- 
pletely in  the  excess  of  acid,  and  if  the  fused  mass  is  allowed  to  cool  slowly,  st-piimtes 
in  large  transparent  prisms  enveloped  in  an  amorphous  vitreous  mass  containing  oxide 
of  Ica't  This  mass  may  be  removed  by  prolonged  treatment  with  cold  water,  the  tetra- 
metaphosphate  of  lead  then  remaining  undissolved.  It  is  insoluble  in  water,  melts 
when  heated,  and  forms  an  amorphous  vitreous  mass  on  rapid  cooling.  It  is  decom- 
posed by  sulpliide  of  ammonium  and  monosulphidc  of  sodium  even  in  the  cold,  yielding 
tlie  corresponding  salt  of  the  alkali-nielul.  \Mien  heated  with  dilute  acids,  it  is 
dissolved  and  decom^tosed  much  more  easily  than  the  dimetaphosphate.  (Fleitmann.) 

4.  Ht:xm(taphi>aphaU  (?). — Nitrate  of  lead  mixed  with  metaphosphoric  acid  and  then 
with  ammonia  forms  a bulky  precipitate  insoluble  in  excess  of  ammonia.  Ordinary 
metaphosphate  of  sodium  forms  with  acetate  of  load  a bulky  precipitate,  which  cakes 
together  when  agitated,  becomes  resinous  on  standing,  and  dissolves  in  excess  of  am- 
monia. (H.Rosc.) 

/J.  Ortkophoaphates. — An  oWd  orthophosphate  of  lead  is  said  to  be  formed  whan 
lead  is  dissolved  in  aqueous  phosphoric  acid  out  of  contact  with  the  air.  The  solution 
yields  on  evaporation  granular  crystals,  which  have  not  been  analysed. 

Vipiumhic  orthophoaphatf,  | P*0*  -•  I%*H*P*0*. — Dilute  solutions  of  lead- 

nitrate  yield  with  alkaline  phosphates,  precipitates  which  are  mixtures  of  di-  and  tri 
plumbic  orthophosphates  in  varying  proportions.  To  obtain  the  diplumbic  salt  pure, 
a boiling  >Hilulion  of  Wd-nitrate  is  precipitated  by  aqueous  pho-spliohc  acid.  The  pre- 
cipitate consUts  of  dazzling  white  microscopic  crystalline  lainimc  ; it  is  insoluble  in 
water  and  in  aqueous  phosphoric  acid,  but  soluble  in  nitric  acid  and  in  potash.  By 
digestion  with  ammonia  it  is  converted  into  the  triplumbic  salt.  It  melts  before  the  blow- 
pipe, forming  a clear  bead  which  exhibits  crystalline  facets  on  cooling  but  not  so  dis- 
tinctly as  the  triplumbic  salt  when  similarly  tn^atod. 

Triplumbic  phoaphaU,  Pb*P*0*,  is  obtained  as  a white,  earthy,  amorphous  precipitate, 
by  decomposing  acetate  of  lead  with  disodic  orthophosphate,  the  lead-salt  being  kept 
in  excess,  or  by  the  ac6on  of  ammonia  on  the  diplumbic  salt ; and  in  rhombic  tablets 
by  beating  the  pyrophosphate  Pb*P*0’  with  water  in  a sealed  tube  (Reynoso).  It 
is  insoluble  in  water,  moderately  solnble  in  dilute  nitric  acid,  nearly  insoluble  in  acetic 
acid,  easily  soluble  in  potash-ley.  When  suspended  in  water,  it  is  decompos<-d  by  sul- 
phuric or  sulphydnc  acid.  It  melts  on  charcoal  before  the  blowpipe,  and  the  bead  on 
cooling  exhibits  shining  crystalline  facets. 

By  precipitating  solutions  of  nitrate  or  chloride  of  lead  with  phosphate  of  sodium, 
double  salts  are  often  formed  consisting  of  nitrate  or  chloride  of  lead,  combined  with 
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di- or  tri-pluinbic  phosphate.  T)\e  phoaphaio-nitrate,  Pb*P’0VPbN’0*.21I*0,  is 
described  under  Nitbstbs  (p.  96). 

Phogphato- ehloridfs. — The  salts  Pb’H*P*0*.PbCTl*,  2Pb*P*0*.PbCl*  and 
3Pb*r*0*.PbCP,  obtained  by  precipitating  chloride  of  lead  in  Tarious  ways  with  di- 
Bodic  orthophosphate,  hare  been  al^ady  described  as  chiorcphofphates  of  lead  (iiL  339). 

Py  roraorphite  or  Green  lead  ore  {GriinUtierg')  has  the  oomposition  of  the 
last-mentioned  salt,  3Pb*P*0*.PbCP,  the  phosphonis  being,  however,  often  more  or  less 
repliiced  by  arsenic.  This  mineral  is  isomorphous  with  mimetesite,  or  arsenato- 
chloride  of  lead,  3Pb*As’0*.PbCl’  (in  which  also  the  arsenic  is  often  partially  replaced 
by  phosphorus)  ; also  with  apatite  ; and  a variety  is  known,  called  brown  Itad  ore,  con- 
sisting of  pyromorphite  combined  with  fluor-apatite  (i.  349). 

The  crystals  of  pyromorphite  are  hexagonal  prisms  exhibiting  the  same  combi- 
nations as  mimetesiie  (iii.  1024).  Length  of  principal  axis  » 0 7362.  Anglo  P : P 
(terminal)  *>»  142®  12';  (latersU)  • 80®  44'.  Hardness  3 6— 4;  specific  gravity  •• 
6’5871  t 7*048.  Lustre  resinous.  Colour  green,  yellow  and  brown  of  different  shades. 
8trcak  white,  sometimes  yellowish.  Subtransparent  to  subtrunslucent.  Fracture  sub- 
conchoidal,  uneven.  Brittle,  Before  the  bIow|>ipe  it  melts  very  easily,  and  colours 
the  outer  flame  blue-green  ; the  bead  solidifies  like  that  of  phosphate  of  lead  above 
descrilted.  Sometimes  emits  arsenical  fumes. 

Analvses. — a.  From  Zschopau  in  Saxony : green ; specific  gravity  » 6*27 
(Wohler,  P<^.  Ann.  iv.  161). — b.  From  Leadhills in  Scotland:  orange-red  (Wohler, 
loe.cit.).^c.  From  Mechcmichin  the  £ifel(Bergemann,  Pammehfterg' $ Mineralchemu, 
p.  356).— <f.  From  Kransborg  in  Nassau  : crystallised;  light  green;  specific  gravity  » 
71  (Sandberger,  J.  pr.  Chem.  xlvii.  462). — e.  From  Ems  in  Nassau:  yellow;  crya- 
stallised  (Sand berger /oc.  Cl/.).— /.  From  Beresow  in  Siberia : crystals  accompanied 
by  vunadinite:  specific  gravity  — 6716  (Struve,  Verb.  d.  min.  Oes.  au.  Petersb. 
1857).—^.  From  Zschopau:  white;  crystallised  (Wohler, /oc.  ci/.)— A.  From  the 
Altai:  yellow  spherical  masses;  specific  gravity  = 5'637  (Struve,  loc.  «/.).— i. 
From  Rosiers  near  Pontgibaud,  Auvergne : green  and  brownish;  botryoidal;  specific 
gravity  = 6 67  (Klaproth,  iii.  146;  v.  200): 

«.  b.  c.  d,  e.  /.  g.  k.  t. 

CMorin®  . . . . ?-S7  J S?  * M)  J*67  «-S9  2*54  2 A6  2 M 2 f-9 

I>««d.ox<de  ....  S2-2A  82*46  80*21  81  (;2  8c20  81  84  83  ft.S  8188  7V80 

Phosphoric  anhjrdrtde I5*»4  15*96  16-82  1M7  12-90  14  05 

Ars<>nic  anbjrdrlda  . 2-30  2*61  8*s9 

Water 0*70  . . . . 0-59 

The  variety  g hu8  the  composition  of  an  isomorphous  mixture  of  1 at.  mimetesite 
and  10  at.  pyromorphite ; i,  of  1 at.  mimetesite  and  8 aL  pyromorphite. 

The  following  are  analyses  of  Brown  1 ead  ore : — a.  hromthe  Sonnenwirbel mine 
near  Frieberg : Polyspberito:  brown  spherules  and  drops:  specific  gravity  • 6 092 
(K  erst  on,  Schw.  J.  Ixii.  1). — b.  From  Mies  in  Bohemia:  ^tryoidal;  specific  gravity  ■■ 
6*444  (K ersten). — c.  From  the  same  locality  : crystallised;  specific  gravity  6*983 
(Kersten). — d.  From  Bleistadt  iu  Bohemia : crystallised;  specific  gravity  — 7*009 
(Kersten). — e.  From  the  same:  specific  gravity  — 6*843  (Lerch,  Ann.  Ch.  Pharm. 
xlv.  328). — From  England ; crystallised  (Kersten): 

a.  b.  e.  d.  e.  f. 

Chlorine  . . . 2*62  2 76  2 60  2 56  2*47  2*60 

Lead-oxide  . . . 72*17  76*83  81*33  81*16  80*38  8208 

Lime  ....  6*17  3*71  0*43  0*32  081  0 32 

F^'O  0*38 

If  all  the  chlorine  be  supposed  to  be  combined  with  lead,  and  the  admixed  apatite 
to  be  a pore  fluor-apatite,  these  analyses  may  be  included  under  the  formula: 

«(Pb'Cl*.3Pb'P»0*)  + (Ca'T*.3(l'P»0'). 

the  value  of  n being  3 in  n,  6 in  6 and  48  in  c,  eo  that  the  last  is  nearly  pure  pyro- 
morphite, as  are  also  e?,  e,  and  /. 

N us  8 i er  i te,  a mineral  from  the  Nussi^re  mine  near  Beaujen,  Dept,  of  the  Rhone,  cmi- 
taining,  acconling  to  Barruel  (J.  pr.  Chem.  x.  10),  7'65  Pb^Cl*,  46*60  Pb*0,  12*30 
Ca"0,  2*44  Fe"0,  19  80  4 06  As*0'  and  7'20  silica,  is  probably  an  impure 

pyromorphite. 

y.  Pyropho$phateofLead,fh^V^O'.WO  (at  100®), — Precipitated  on  adding 
pyrophosphate  of  sodium  to  excess  of  nitrate  of  lead,  as  a bulky  white  powder,  insoluble 
in  water,  acetic  acid,  sulphurous  acid,  and  ammonia ; soluble  in  nitric  acid  and  in 
potash  (Schwarsenberg).  If  the  pyrophosphate  of  sodium  is  added  in  slight  excess, 
the  precipitate  contains  variable  quantities  of  alkali;  a larger  excess  redissolves  the 
priH-ipitate. 
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Vhoftpbates  of  Xlthtom.  Only  the  orthophosphates  are  known. — Mmotithfe 
ortho]>fu>sphatf,  Li*H*PO\  is  obtained  bj  mixing  one  of  the  two  following  salts  with 
phosphonc  acid  and  evaporating;  or  by  heating  acetate  of  lithium  with  excess  of 
phoaphoric  acid,  in  which  case  it  separules  in  rather  large  crystals.  It  is  deliquescent 
and  very  soluble  in  water,  forming  an  acid  solution  which  is  immediately  precipitated 
by  silver-salts,  but  not  by  chloride  of  barium  except  on  addition  of  ammonia.  It  does 
not  give  off  any  water  at  100°  ; but  at  200°  half  the  basic  water  is  evolved  and  the 
whole  at  a red  heat,  the  residue  then  consisting  of  metaphosphate  of  litliium. 

JHlithic  orthf>pho»phaU  has  not  !>efn  obtained  pure,  but  a salt  intermediate  between 
this  and  the  trilitliic  wilt,  viz.  Li'Hl^’O'.H'O  or  Li*HP0Mj*P0Ml’0,  is  formed  on  pre- 
cipitating chloride  of  litliium  with  orthophosphate  of  ammonium,  as  a crystalline  powder, 
which  dissolves  in  200  pts.  of  water,  and  gives  off  half  its  water  of  crystallisation  at 
100°,  the  rest  at  a higher  temperature. 

'IVilithic  phosphate,  2Li*PO*.U*0,  is  produced  by  precipitating  a neutral  acetate  of 
lithium  with  di-ammonic  orthophosphate,  or  the  acid  ac«  tute  with  phosphate  of 
ammonium  and  free  ammonia  ; also  by  heating  carbonate  of  lithium  with  not  too  large 
a quantity  of  aqueous  phosphoric  acid.  It  is  a white  crystalliuo  j>^)wder,  requiring 
833  pts.  of  water  at  12^  to  dissolve  it  It  gives  off  its  water  of  crystallisatiun  when 
heated,  but  docs  not  fuse  at  a red  heat 

Lithio-aluminic phosphate,  Li*Ar"l**0’*.15H*0. — Prepared  by  preoipitatinga  saturated 
solution  of  aluminic  phosphate  in  caustic  potash  with  chloride  of  lithium.  The  washed 
and  dried  pr<>cipitate  is  a white  powder  insoluble  in  water,  easily  soluble  in  acids, 
and  giving  off  a large  quantity  of  water  when  heated. 

Amblygonite  (i.  164)  is  a lithiu-aluminic  phosphate  having  the  lithium  partly 
replaced  by  sodium,  and  containing  also  fluorides  of  aluminium,  lithium,  and  sodium. 
Rammelsberg  {Mineralchemie,  p.  369).  represents  it  by  the  formula  (6M*0.3P*0*  + 
6Al’0".3P*0*)  2(MF.A1F*),  where  M denotes  lithium  and  sodium. 

Triphylline  is  a phosphate  of  lithium,  aluminium,  iron  and  manganese  (seep.  672). 

Liihin-ammonic  phttsphtUe,  Li*iNH*)PO^  separates  on  mixing  aqueous  phosphate  of 
lithium  with  di-ammonic  orthophosphate  and  slowly  evaporating;  if  a portion  of  the 
ammonia  has  been  lost  by  too  rapid  heating,  free  ammonia  must  be  added.  The  salt 
is  granulo-erystallino,  like  onlinary  amiuonio-magnesian  phosphate;  slightly  soluble  in 
water;  molts  at  a somewhat  high  temperature,  giving  off  water  and  ammonia,  and 
when  heated  before  the  blowpipe  is  coloured  blue,  not  red,  by  nitrate  of  cobalt. 

Lithio-iolcic  pJwsphate,  liiCVPO*. — Obtaine<l,  like  the  analogous  double  salts,  by 
igniting  1 at.  pyrophosphate  of  calcium  with  1 at.  carbonate  of  lithium.  It  is  insoluble 
in  water.  (H.  Rose.) 

Vboaptaatea  of  Magneaiain.^a.  Metaphosphata.  \.  'Ihe  monemetaphot^ 
phate,  Mg"P*0*,  is  obtained  as  a white  jx>wder  by  dissolving  carbonate  of  magnesium 
in  aqueous  phosphoric  acid,  evaporating  and  heating  the  residue  to  316°.  It  also  sepa- 
rates  from  the  solution  of  impure  phosphoric  acid  obtained  from  bones,  when  strongly 
concentrated.  It  is  insoluble  in  water  and  in  dilate  acids,  and  is  not  decomposed  by 
digestion  with  alkaline  carbonates  or  phosphates.  (Maddrell.) 

The  Sfg*P'0*’.9H*0,  (or  10TI*0),  separates  gradually  from  a con- 

centrated solution  of  the  corresponding  ammonium-salt  mixed  with  chloride  of  magne- 
sium, in  crystalline  crusts  wliicli  adhere  to  the  sides  of  the  vessel ; more  quickly  on 
addition  of  alcohol.  It  is  insoluble  in  water,  is  decomposed  by  acids,  gives  off  1 at. 
water  at  100°,  and  the  whole  without  fusion  at  a red  heat.  The  ignited  salt  is  not 
decomposed  by  digestion  with  alkaline  carbonates.  (Fleitmann.) 

Hexmt  taphe  sphate. — Ordinary  phosphate  of  sodium  forms  a precipitate  with  acetate, 
but  not  with  sulphate  of  magnesium,  even  at  boiling  heat.  The  precipitate  is  soft  and 
tenacious  (O  rah  am).  A solution  of  sulphate  of  magnesium  mixed  with  not  too  large 
u quantity  of  sodic  metaphosphate,  forms  with  ammonia  a precipitate  which  dissolves  in 
sal-ammoniac.  (H.  Rose.) 

Ammonio-^mngnesic  metaphosphate  (?) — When  metaphosphoric  add  is  dissolved  in 
ammonia  in  a vessel  which  is  kept  cool,  and  sulphate  of  magnesium  is  added  in  such 
prrjportions  as  to  leave  the  ammonium-nalt  in  excess,  a precipitate  is  formed,  consisting 
of  feathery  flocks  which  unite  on  standing  into  a soapy  mass,  drying  up  to  a brittle 
transparent  mass.  This  salt  exhibits  the  characters  of  a metaphospbatc,  but  contains 
according  to  Wach  (Schw.  J.  lix.  297),  a larger  proportion  of  base,  being  represented 
by  the  formula  4Mg"0.(NH*)*0.4l*’0M6H*0 ; so  that  it  is  perhaps  a mixture  of 
nietapbosphate  and  pyrophosphate. 

3.  Orthophosphates. — a.  Acid  salt.  By  evaporating  a solution  of  tri-magnesic 
phosphate  in  aqueous  phosphoric  acid,  or  by  Imiliiig  the  neutral  phosphate  with  water, 
and  evaporating  the  flltrat^  an  acid  syrup  is  obtained  which  is  resolved  by  alcohol  into 
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the  trimagneeic  salt  and  free  phoaphoric  acid.  When  a concentrated  solution  of 
magneaia  in  aqneous  phosphoric  acid  is  mixed  with  alcohol,  an  oily  liquid  separates 
which  contains  4 at.  magnesia  to  3 at.  phosphoric  anhydride,  and  may  represented 
by  the  formula  Mg"HPO*.Mg"H*F'0*  + xH*0.  (Kahn,  Arch.  Fhann.  [2]  lix. 
129.) 

DimagneMe  so/f,  M^H*P’0*.14H’0  or  Mg"HP0^7H’0. — Produced  by  precipitating 
sulphate  of  magnesium  with  excess  of  disodic  orthophosphate.  When  2pts.  sulphate  of 
magnesium  dissolved  in  32  pts.  water  are  mixed  with  3 pts.  disodic  orthophosphate  dis- 
solved in  32  pts.  water,  the  salt  separates  in  the  course  of  24  hours  in  tufts  of  prisms 
or  needles. 

The  crystallised  salt  forms  small  six-sided  needles,  having  a cooling  sweetish  taste, 
and  sparingly  soluble  in  water;  1 pt.  of  the  salt  dissolves  after  long  standing  in  322 
pts.  water ; the  clear  solution  becomes  turbid  when  heated,  from  separation  of  tri- 
roagnesic  ^t,  which  partly  redissolves  on  cooling,  and  on  continued  boiling  a larger 
quantity  of  the  latter  separates,  while  the  liquid  acquires  an  acid  reaction.  The  salt 
dissolves  easily  in  dilute  aidds.  The  crystals  effloresce  in  warm  air.  give  off  8 at. 
water  at  lOD^,  the  remaining  six  at  170^,  and  the  basic  hydrogen  as  water  at  a red  heat, 
leaving  pyrophosphate  of  magnesium. 

Trinutpnfiic  or  neutral  so/f,  M^P*0*.  Formed  by  precipitating  sulphate  of  magne- 
sium writh  trisodic  phospliate,  or  by  boiling  the  dimagnesic  salt  with  water.  It  retains 
6 at.  water  at  100°  (Rammelsberg),  but  becomes  anhyilrous  on  ignition.  According 
to  V dicker  (Rep.  Br.  Assoc.  1H62,  p.  169)  100  pts.  of  water  dissolve  0*0205  pt.  of 
the  recently  precipitated,  and  0*01  pU  of  the  ignited  salt  It  is  readily  soluble  in 
acids,  even  alter  exposure  to  a white  heat. 

This  salt  is  of  frequent  occurrence  In  plants,  and  forms  a considerable  proportion  of 
the  ash  of  the  seed  of  cereal  grasses,  especially  of  wheat  It  is  present  in  smaller 
quantity  in  the  bones  of  animals,  and  forms  the  chief  constituent  of  many  animal 
concretions,  especially  of  bezoar  .stones. 

Wagnerite,  a rare  mineral  found  in  veins  of  quartz,  traversing  clay-slate  in  the  valley 
of  Hdliengraben  nmr  Werfen  in  Saltzlmrg,  is  a phosphato-fluoride  of  magneHium,  re- 
presented by  the  formula  Mg*P'0*.MgF*.  It  occurs  in  monoclinic  crystals  having  the 
orthodiagon^,  clinodiugonu),  uud  principal  axi.H,  os  1 1*045  : 1 : 0*78654,  and  the  angle 
of  the  inclined  axes  » 71®  53'.  cep  : ocP  » fl6°  2.V;  oP : [P»  ] = 144®  26'. 
Observed  faces,  xP,  + P,  - P,  —P2,  + ^P,  xP2,  [P2],  and  others.  Most  of  the 
prismatic  faces  are  deeply  striate<l.  Cleavage,  parallel  to  xP  and  the  ortho<liagonal, 
imperfect;  parallel  to  oP  in  truces.  Hardness  = 6 to  5*5.  Specific  gravity  of  a 
transparent  crystal  — 3*068  ; of  an  opaque  crystal  • 2*985  (Rammelsberg).  The 
crystals  are  ycUow,  of  various  shades,  with  a vitreous  lustre;  streak  white;  translu- 
cent. Fracture  uneven  and  splintery  across  the  prism.  Before  the  blowpipe  it  melts 
with  great  difficulty  and  only  in  thin  splinters,  giving  off  gas-bubbles,  and  forming  a 
greenish-grey  glass;  when  moistened  with  sulphuric  acid,  it  colours  the  flame  blue-green. 
^Mth  fluxes  it  gives  a faint  iron  reaction,  and  molts  with  carbonate  of  sodium,  effer- 
TOJHring  but  not  dissolving. 

The  mineral  has  been  analysed  by  Fuchs  (Schw.  J.  xxviii-  269) and Rammolsbeig 
with  the  following  results : 


F 

p*o* 

Mr-0 

Ca'O 

F.”0 

Mn'O 

a. 

617 

41-73 

46-66 

4-50 

0-45  - 

b. 

, . 

41-89 

42-04 

1-65 

2-72 

0-65* 

c. 

40-23 

38-49 

4-40 

3-31 

0-96t 

d. 

9 36 

40-61 

45-27 

2-38 

4-59 

— 

99*61  (Fuchs). 
(Rammelsberg). 

103-21  !| 


The  formula  3Mg‘’O.P*0*.Mg"P  requires  11*73  per  cent,  fluorine,  43*83  phosphoric 
anhydride.  37*04  magnoKia,  and  7*41  magnesium  (or  49*38  magnesia  in  all).  The 
lime  in  the  specimen  analysed  by  Rammelsiberg  was  present  as  carbonate. 

Lazulite  (iii.  477)  is  a phosphate  of  magnesium,  iron  (ferrosum),  and  aluminium. 


8.  Phoitnhatei  of  Maanfsium  and  Ammonium. — 1.  Ammonio-monomagmsic 
orthopKi>sphatr  (NHV)*Mg' separates  in  needle-shaped  crystals  on  mixing 
warm  ana  not  too  dilute  solutions  of  magnesic  sulphate  and  diammonic  orthophosphate, 
and  leaving  the  liquid  to  cool.  ^ 

2.  Ainmonio-dimagnesic  Orthophoephate^  (NH*)*Mg’P*O*.12H*0. — This  salt,  the 
ordinary  ammonio-mognesic  phos]  hate,  is  produced  when  a magnesium  salt  mixed  with 
sal-ammoniac  is  mixed  with  an  alkaline  orthophosphate  and  free  ammonia,  separating 
immediately  from  moderately  strong  solutions  as  an  amorphous  precipitate,  which  soon 


* After  deductioa  of  9*$8  tlliei. 


f Alumina. 
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becomes  heavy  and  crystalline ; from  dilute  solutions  it  separates  after  some  time  only 
in  simill  cryaUds  which  attach  themselves  to  the  sides  of  the  vessel,  especially  on  points 
presenting  any  muk>hDess  or  inequality.  It  separates  in  this  manner  from  extremely 
dilute  fujlutions,  thna  affording  a very  delicate  test  either  for  magnesia  or  for  phos- 
phoric acid  (iii.  7o2  ; iv.  642).  The  lx*st  mode  of  obtaining  it  in  distinct  crystals  is 
to  mix  600  pu.  of  hot  water  with  4 pts.  of  strong  ammonia,  and  then  add  7 pts. 
crystallised  phosphate  of  sodium.  2 pts.  sal-ammoniac,  and  4 pts.  sulphate  of  magne- 
sium; the  liquid,  which  is  originally  alkaline,  becomes  neutral  after  the  separation  of 
the  crystals.  (Graham  ) 

This  salt  is  a frequent  constituent  of  urinary  calculi,  the  so-calh'd  fusible  calculus 
consisting  almost  wholly  of  it:  it  is  also  found  in  intestinal  concretions,  especially  in 
graminivorous  animals.  It  is  formed  in  the  putrefaction  of  urine,  and  is  precipitated 
therefrom  on  addition  of  ammonia  in  stellate  groups  of  microscopic  ciystals  ; it  some- 
times separut(4i  spontaneously  even  from  acid  urine  in  three-sided  prisms.  Large 
crystals  of  it  have  l>eon  found  in  some  varietitM*  of  guanu,  namely,  from  Patagonia  and 
from  Saldauha  Bay  on  the  coast  of  Africa,  and  in  an  old  dung-pit  at  Hamburg;  this 
native  salt  is  culled  Struvite  or  Guanite, 

The  crystals  are  trimetrie,  having  the  axes  a h \ c *»  0*5429  ; 1 : 0*6233  ; those  of 
native  struvite  are  six-sided  prisma  about  an  inch  long,  exhibiting  the  faces  octao  , 
ceP»,  oops,  Poo  , 3Pao  , 4P»  , oP,  and  hemimorj^houB  from  predominance  of  the  face 
ooPoo  on  one  side  (Teecnemacher,  Phil.  Mag.  [3]  xxviii,  646. — Do  la  Provos- 
tage,  CompL  rend.  Iviii.  442  ; see  also  Dana,  ii.  413).  They  have  a specific  gravity 
of  1*65  — 1*7  ; hardness  — 2;  a vitreous  lustre;  are  transparent  and  often  coloured 
yellowish  by  impurities.  The  artificial  salt  generally  forms  a fine  crystalline  powder, 
or  colourless,  translucent,  four-sided  prisms. 

Tlio  salt  is  tasteless  and  slightly  soluble  in  pure  water,  I pt.  of  it  dissolving  in 
15,300  pts,  of  cold  waU‘r  according  to  Fresenius;  in  13,600  pts.  according  to 
Kbermayer  (Coropt.  rend,  xxxvii,  350).  In  presence  of  sal-ammoniac  it  is  more 
soluble,  1 pt.  of  the  salt  dissolving  in  7550  pts.  of  a liquid  containing  1 pt.  sal-am- 
moniac in  5 pts.  water  (Fresenius).  In  water  containing  free  ammonia,  on  the 
contrary,  it  is  leas  soluble  than  in  pure  water,  1 pt.  requiring  for  solution  44,000  pts. 
of  ararooniacal  water  (Fresenius).  Accx)rding  to  Ebermayer,  the  solubility 
diminishes  os  the  proportion  of  ammonia  in  the  water  increases;  thus — 


Mixture  couuinlng: 

QuAHtitlM  requtr«Kt  todlttolve  1 pt. 
of  the  ADhjrdroui  Double  &UU 

Witer. 

Aqueou*  AtninoDiAof  speciSc  greriijO  9^1. 

100  pts. 

25 

31.000  pU. 

100 

100 

43.000 

100 

200 

45,000 

100 

300 

62,000 

Pure  aqueous  .\mmonia  of  specific  gravity  0*961. 

60,000 

The  addition  of  sal-ammoniac  renders  the  salt  more  soluble  also  in  water  containing 
free  ammonia:  phosphate  of  sodium  does  not  appear  to  diminish  the  solubility. 

Tlie  double  salt  dissolves  easily  in  aci<ls.  At  lOO"^  it  gives  off  10  at.  water  witliout 
loss  of  ammonia;  at  a stronger  heat  the  whole  of  the  water  and  ammonia  escape, 
the  ma^s  exhibits  a vivid  glow,  and  pyrophosphate  of  magnesium  remains  behind : 

(NH*)VM^I«0»  - Mg*P»0»  + NIT*  -t-  ll»0. 

y.  P^rophonphaie  of  Mg^P“0'.3H*0  (at  100°).  This  salt  remains 

in  the  anhydrous  state  when  aimnonio-diniagnesic  phosphate  is  ignited. 

The  hydrated  salt  is  obtained  by  precipitating  sulphate  of  magnesium  with  an 
alkaline  pyrophosphate.  The  precipitate  dissolves  in  excess  of  either  of  the  salts 
which  pro«luce  it.  the  solutions  becoming  turbid  on  boiling  and  remaining  turbid  when 
cold.  The  pr«‘cipiUted  salt  is  white,  amorphous,  and  Iraki's  together  in  drying  like 
hydrate  of  aluminium.  It  may  bo  rt  ndered  crystalline  by  dissolving  it  in  sulpburuus 
acid  and  boiling  the  solution.  It  is  very  slightly  soluble  in  water,  but  dissolves  easily 
in  nitric  or  hydnichloric  acid.  (Schwarzenberg.) 

Pbospliates  of  Manganese,  o.  Metaphosphate,  Mn’P’O*. — Produced  by 
evaporating  a manganous  salt  with  excess  of  phosphoric  acid,  heating  the  residue  to 
316°,  in  the  sam**  maunoraH  for  the  pnqmration  of  the  «‘orrc?iponding  cupric  salt  (p.  660). 
It  is  retldish  white,  insoluhh*  in  water  and  <lilutc  acids ; dot‘S  not  melt  at  a rea  heat ; 
is  scarcely  acted  upon  by  sulphide  of  sodium  or  ammonium,  even  with  aid  of  heat ; 
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but  is  decomposed  by  digestion  with  carbonate  of  sodium,  yielding  dimetajiho^phato  of 
sodium  ; whence  Fleitmunn  regards  the  manganous  suit  Hli>o  as  dimetaphosphate. 

A solution  of  manganous  chloride  mixed  with  dimetapliosphatr  of  ammonium  and  a 
little  alcohol,  deposits  crystals  of  a hydrated  salt,  which  is  insoluble  in 

water  and  dilute  acids,  and  gires  off  all  its  water  on  ignition.  It  is  decomposed 
by  heating  with  sulphuric  acid  and  by  fusion  with  alkaline  carbonates.  (Fleitmann.) 

/3.  Manganic  Orthophosphate. — When  manganic  oxide  or  finely  divided  pyro- 
lusite  is  mixed  with  aqueous  phosphoric  acid,  the  liquid  evaporated  down,  and  the  dry 
residue  finally  heated  nearly  to  redness,  a violet  substance  is  formed,  which  is  resolved 
by  water  into  a dark  red  solution,  and  a j>each‘blossom-coloured  insoluble  pow<lcr, 
consisting  of  Mn*0*.3P®O*.2U'^O  or  Mn“T*0".H’0 : thendoro  a metaphospbate.  The 
red  acid  solution  yields  by  evaporation  light  brown-red  crystals  of  variable  com- 
position. (Hermann,  Pogg.  Ann.  Ixxiv,  303.) 

Kobell(J.  pr.  Chem.  Ixxvi.  416;  Jabresb.  1859,  p.  666)  recommends  manganic 
phosphate  for  use  in  volumetric  analysis  in  place  of  m'rmungunute  of  potassium,  4us 
being  more  easily  obtained.  He  prepares  it  by  boiling  down  a mixture  of  finely  divided 
pyroTusite  and  aqueous  phosphoric  acid,  till  the  residue  becomes  syrupy  and  assumes  a 
deep  violet-blue  colour;  if  not  too  strongly  boated,  it  dissolves  completely  in  water,  and 
if  diluted  with  six  times  its  volume  of  water,  it  is  as  {>ermanent  as  a solution  of  per- 
manganate. It  may  be  titrated  in  the  same  manner  as  the  latter  by  means  of  a ferrous 
solution. 

y.  Manganous  Orthophosphates, — Monomanganous salt,  AIu'TI‘I*’0*.2H’0. — 
A solution  of  one  of  the  two  following  salts  in  aqueous  phosphoric  acid  yields  this  salt 
on  evaporation  in  small  prismatic  easily  soluble  crystals,  which  give  off  half  their 
water  of  crystallisation  at  120'^.  Alcohol  decomposes  them,  abstracting  pbosphoriu 
acid  and  leaving  the  dimanganous  salt. 

The  dimanganous  salt^  Mn*H*P'0“.6n*0,  is  obtained  by  adding  disodic  orthophos- 
phate to  a solution  of  manganous  sulphate  acidulated  with  acetic,  hydrochloric,  or 
phosphoric  acid,  till  the  precipitate  begins  to  be  permanent ; it  then  separates  on 
standing  in  bard  gi^ular  crystals  (H  ei  ntz).  It  is  also  obtained  in  the  crvstulliuo 
form  by  precipitating  a manganous  salt  with  phosphate  of  sodium,  mixing  half  the 
liquid  with  free  acid  till  the  prtcipiUte  dissolves,  and  then  adding  the  other  half 
(Bodecker)  ; also  hy  treating  the  trimangnnous  salt  with  hall'  the  quantity  of  phos- 
phoric acid  required  to  dissolve  it. 

The  trimanganous  snlt^  Mn*P*0*.7H*0,  is  formed  by  precipitating  a neutral  solution 
of  a manganous  salt  with  disodic  orthophosphate.  It  is  a white  amorphous  powder, 
which  dissolves  sparingly  in  water,  easily  in  dilute  acids,  gives  off  4 at.  water  at  100^, 
the  remainder  only  at  a red  licat. 

Ammonio-man^anous  phunphate,  Mn*(NH^)’P*0“.2H*0. — This  salt,  analogous  to  the 
ordinary  ammonio-magnesic  salt  dried  at  109°  (p.  670),  is  produced  by  the  action  of 
ammonia  on  recently  precipitated  trimanganous  phosphate,  or  by  precipitating  a man- 
ganous salt  with  phosphate  of  sodium  in  presence  of  an  ammonium  salt  and  free 
ammonia.  To  obtain  it  cryKtallisod,  a solution  of  manganous  chloride  is  pncipiUiV'd  in 
a fiask  with  phosphate  of  sodium;  hydrochloric  acid  is  then  abided  till  the  precipitate 
dissolves ; and  the  solution  is  heated  to  boiling,  and  then  mixed  with  excess  of  ummonin. 
The  precipitate,  which  is  amoq)hous  at  first,  changes  on  standing  for  some  time  in  the 
closed  vessel  into  silvery  laminte  usually  having  a reddish  colour.  (Otto.) 

The  salt  is  insoluble  in  water  and  in  alcf^hol,  easily  soluble  in  dilute  acids:  it  is 
decomposed  by  l>oiling  wifli  C!iui>tic  but,  not  with  carbonated  alkalis. 

Ferroso-manganous  Phosphaifs. — 1.  Triplite,  a mineral  from  Limoges  in  Fnince, 
has  the  (imposition  .P’0*  =»  | .(FtlMnl)‘P*0*.  It  occurs  in  imperfectly 

crvstalline  masses,  exhibiting  three  unequal  cleavages  in  directions  at  right  angles  to  each 
otlier,  therefore  trimetric.  Hardness  — 6'6.  Sp<}cific  gravity  — 3*44 — 3-8.  It  has 
a brown  colour,  yellowish  grey  streak,  and  resinous  lustre  inclining  to  adamantine. 
Subtranslueent  to  opaque.  Fracture  small  conchoidal.  Contains,  according  to  Berze- 
lius 32  61  per  cent.  ±**0*,  3P95  F»rO,  32*40  Mn"0  and  1*73  Ca"0;  the form^a requires 
32*61  per  cent.  P’0‘,  34*17  Fe"0  and  32*40  Mn"0. 

Heterosite  (iii.  151)  and  Hureanlite  (iii.  176)  are  hydrated  ferroso-man- 
ganous  phosphates. 

A ferrono-manganous  phosphato.fiuoride  called  Zwieselite,  having  in  fact  the 
composition  of  a fluorapatite  in  which  the  calcium  is  replaced  by  iron  and  manganese, 
is  found  at  Zwiesel  near  Bodenmais  in  Bavaria,  in  ciy’stalline  ma&sea,  supposed  to 
have  a hexagonal  structure  isomoqihons  writh  that  of  apatite.  It  cleaves  distinctly  but 
iinpcrfts:lly  in  three  directions.  Hardness  = 5.  Sp(*t*irtc  gravity  » 3’97.  Lustre 
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gTPai»y.  Colour  clore-browi),  streak  ^I'yish^white.  Fracture  uneven  or  ixnperfect  con- 
choiilaL  It  has  been  analysed  by  F uchs  (J.  pr.  Chem.  xviii.  499)  and  Rammels- 
berg  {Minerolckemie^  p.  351)^  witb  the  following  results 
F P*0»  Fe"0  Mn-O  SiO* 

318  3.V60  41-56  20  34  0-68  - 101*36  (Fuchs). 

6-UO  30-33  41-42  23-26  » 101  (RarameUberg). 

RammeUberg’s  analysis  leada  to  the  formula  or 

(fFe*  JMn")*P®0".(3Fe''JMn'')F*,  which  requires  846  per  cent.  F,  31-60  P*0*,  42*73 
Fe"0  and  2Q-77  Mn'O.  Fuchs  erroneously  regarded  the  mineral  as  apatite  having  the 
calcium  isomorphoosly  replaced  by  iron  and  manganese,  and  thence  called  it  tron- 
apatiU. 

Utkio-ftrmso~manpanous  Phosphates. — 1 . Triphylline,  from  Bodenmais  in  Bavaria, 
IS  an  isomorphous  mixture  of  the  orthophosphates  of  iron,  manganese,  and  lithium.  It 
mostly  occurs  mHShive,  but  sometimes  in  triractric  crystals,  exhibiting  the  combination 
cdP  , ocP2  . ccPuD  . Poo  . oP.  Angle  ooP  ; ooP  «■  93J® : oP  : Peo  » 133°,  The 
surfaces  however  are  rather  dull,  and  the  angles  not  constant.  Cleavage  parallel  to 
oP.  sometimes  perfect ; parallel  to  odP  and  one  diagonal,  imm*rfpct,  the  latter  least  so. 
Hardness  **■  6.  Specific  gravity  — 3-6.  Subrosinous,  with  greenish  or  bluish-grey 
colour,  and  greyish-white  streak.  Translucent  in  thin  fragments.  It  decrepitates 
slightly  when  heated,  giving  ofiT  a small  quantity  of  water,  and  acquiring  a darker 
colour.  Before  the  blowpipe  it  fuses  very  easily  to  a shining,  dark  grey,  magnetic  bead, 
colouring  the  flame  bluish-green  and  sometimes  reddish;  with  fluxes  it  gives  the  re- 
actions of  iron  and  manganese.  It  dissolves  readily  in  acids ; is  imperfectly  decomposed 
by  caustic  potash. 

The  first  three  of  the  following  analyses  of  triphylline  are  by  Rammelsberg 
(^Minrralcftemie,  p.  323);  the  fourth  is  of  a variety  called  Uirapht/liine  or  pfrouiskine, 
from  Tammela  in  Finland,  by  Berzelius  and  Nordenskiold ; it  aififers  from  the  Boden- 
mais mineral  in  exhibiting  on  the  freshly  broken  surface  a yellow  colour,  gradually 
becoming  black. 

I«0»  Fe"0  MnO  Li*0  Na*0  K*0  Ca"0  Mg*0  8iO« 

40-72  39-97  9 80  7 28  145  0*58  ....  0*26  - 10006 

40-32  36-64  906  6 84  2-51  0*35  0-58  1-97  . . - 9816 

44-19  38-21  6-63  7*69  0*74  004  076  2*39  0*40  ->  10006 

426  38-6  12-1  8-2  1*7  . . = 103-2» 

Rammelsberg  deduces  from  this  third  anulysis  the  formula  .PH)*, 

2 requiring  44'81  jxr  cent  P’0‘,  39'76  Fe"0,  6'53  Mn'O,  7’37  Li’O 

and  2'53  magnesia.  The  first  two  analyses,  which  gave  larger  quantities  of  base,  ho 
supposes  to  have  been  made  on  samples  which  had  perhaps  lost  some  of  their  acid  by 
weathering,  or  were  mixed  with  small  quantities  of  triplite  (p.  672). 

The  following  minerals  are  supposed  to  have  bwn  formed  ^m  triphylline  or 
triplite  by  assumption  of  water  ana  oxidation,  the  triphylline  also  sometimes  losing 
its  ulkHlis. 

1.  Black  crystals  from  Norwich,  Massachusetts,  closely  resembling  triphylline  in 
form  and  cleavage,  but  presenting  considerable  variation  in  their  angles  (for  the  mea- 
surements see  Dana,  A/irwro/e^y,  ii.  407).  Hardness  = 5*5.  Sp<*cific  gravity  b 2‘876. 
Streak  brownish-red.  Opaauu.  Brittle.  Melts  easily  before  the  blofepipe  with  intu- 
mescence to  a black  mass.  Mean  of  two  analyses  by  Craw.  (Sill.  Am.  J.  [2]  xi.  99). 

2.  A//uuu(ftfc,  from  Chanteloub  near  Limoges.  Brown,  cleaving  like  triplite.  Hard- 
ness above  4.  Specific  gravity  B 3168  Dissolves  in  hydrochloric  acid  with  evolution 
of  chlorine.  Analysis  by  Damour  (Aon.  Min.  [4]  xiii.  341). 

P’0*  Bfn’O*  MoO  C*0  Na’O  Li’O  H=0  SIO« 

Norvlch  CrviUU  43-00  26*69  24  00  . . I 79  . . S’23  2 07  0-30  b IOO-OS 

Alluaudite  41 '25  25  69  1-06  23*08  . . 6-47  . . 2*66  0-60  » 99*79 

Rammelsberg  suggests  for  these  minerals  the  formulae: 

(1)  (M*O.P*O‘).(MW2l"00  + aq. 

(2)  (M’0.P’0‘).2(2M  (P.P’O*)  + 4aq.; 
but  observes  that  it  is  very  doubtful  whether  they  are  homogeneous. 

* Ths  esceM  la  this  •nsl7*l$  i«  •upno»cd  to  have  «ri»cn  from  an  Inrorrrct  determination  of  the 
llthU. 
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(3.)  Pscudotpt  pU  te,  from  Bod#»nmaiain  Bavaria;  probably  form^  by  oxidation  of 
triphyllino  and  remo\’aI  of  the  alkalis  by  water.  Slightly  attacked  by  nitric  acid.  The 
first  of  the  following  analyaca  ia  by  Fuchs;  the  second  by  Delffs  (RammtUberg' s 
Mineralchemif,  p.  332). 

P»0*  Mn*0>  H*0  SiO» 

36'70  48-17  8-94  fi'30  1'40  - 99*51 

8o*71  61  00  806  4*62  0*71  = 100 

•Fe*0*  ) * ^ 

Hence  may  be  adduced  the  formula  .2P*0*  + 2 aq. 

(4.)  A mineral  from  Chanteloub,  sometimes  called  Heterosite  (lit.  151).  Bluish- 
violet.  Specific  gravity  » 3-41.  Contains  according  to  Rammehiber^,  32'28  percent. 

31*46  Fe-O*,  30*01  Mn*0*  and  6'5  water,  whence  perhaps  it  is  constituted 
according  to  the  formula  6M®0*.3P*0*  + 6 aq. 

8.  3/flfi^anousPyro^Aos^Aaie,Mn*P’0'.3H*0,  at  100°. — Obtained  by  precinita- 
tion  ns  a white  amorphous  powder,  which  by  solution  in  sulphurous  acid  and  boiling, 
may  be  converted  into  nacreous  crystalline  lamimc.  It  is  soluble  in  acids  and  in 
ammonia,  insoluble  in  excess  of  the  manganons  salt,  but  easily  soluble  in  the  alkaline 
phosphate,  and  from  this  solution  the  manganese  is  not  precipitated  by  sulphide  of 
ammonium  even  after  long  standing. 

Plioapliatea  of  Keroory.  a.  Metaphoijthates. — Mercunc  oxide  heated 
with  metaphospboric  acid,  yields  on  cooling  a salt  which  crystallises  with  great 
difficulty. 

A solution  of  mercuric  nitrate,  mixed  with  ordinary  vitreous  metaphosphate  of 
sodium,  yields  a white  precipitate,  which  changes  on  agitation  to  a thick,  heavy,  oily 
mass. 

Mercurons  nitrate  yields  in  like  manner  a dense  white  precipitate,  which  becomes 
resinous  on  boiling,  and  dissolves  in  excess  of  sodic  metaphosphate. 

A mercurous  metapbosphate  cannot  be  produced  in  the  dry  way ; for  on  besting 
mercurous  oxide  with  phosphoric  acid,  mercury  volatilises  and  mercuric  metaphos- 
pbate  remains  behind. 

A Orthophotphatet. — The  trimercune  so//,  Hg*P*0*,  is  obtained  as  a heavy 
whitepowderbyprecipitating  mercuric  nitrate  (not  the  chloride)with  ordinaiy  phosphate 
of  sodium  ; also  by  digesting  mercuric  sulphate  with  a solution  of  the  alk^ine  phos- 
phate. It  is  insoluble  in  cold  water,  soluble  in  acids,  including  phosphoric  acid;  also 
in  water  containing  ammonium-salts,  especially  the  chloride,  6 pts  of  which  dissolved 
in  water  effect  the  solution  of  I pt.  of  mercuric  phosphate.  It  is  decomposed  by 
aqueous  alkalis  and  alkaline  carbonates,  a small  quantity  of  mercuric  oxide  being 
sometimes  dissolved.  The  dry  salt  melta  when  heated  to  a dark  yellow  glass,  wliicli 
solidifies  to  an  opaque  mass  on  cooling.  (^Handw.  d.  Chnn,  vi.  375.) 

7WfficrcwrottS  PAw^Ao/c,  Hg*PO*,  is  pr<-cipitated,  on  adding  phosphate  of  sodium  in 
excess  to  mercurous  nitrate,  as  a white  powder,  mostly  amorphous,  but  sometimes  erj-s- 
talline;  soluble  in  excels  of  mercurous  nitrate;  ins^iluble  in  water  and  in  aqueous 
phosphoric  acid ; resolved  by  boiling  with  water  into  mercuric  phosphate  and  metallic 
mercury ; decomposed  in  like  manner  by  hydrochloric  acid.  When  the  dry  salt  is 
gently  heated  in  a tube  metallic  mercury  escapes,  and  mercuric  phosphate  remains  as 
a residue,  yellow  while  hot,  white  after  cooling.  (Handw.) 

Mereurou$  PhotphaUh-nitrate,  Hg*POVHgNO*.H*0. — Obtained  by  adding  phosphate 
of  sodium  to  excess  of  mercurous  nitrate,  as  a yellow  crystalline  precipitate  which 
is  not  decomposed  by  washing  with  cold  water.  (Gerhardt,  Ann.  Ch.  Pharm. 
Ixii.  81.) 

y.  Pgroj>ho8pkate8. — 1.  Mercuric  8<dts,  Hg*P*0’  (dried  at  100°).  A solution  of 
mercuric  nitrate  forms  with  pyrophosphate  of  sodium  a white  precipitate  which 
becomes  yellowish-red  on  further  addition  of  the  alkali-salt,  and  is  converted  by  an 
excess  of  the  latter  into  a roildish-yellow  basic  compound.  It  is  insoluble  in  water, 
easily  soluble  in  acids,  insoluble  in  excess  of  sodic  pyrophosphate,  quickly  decomposetl 
by  potash  (Gmelin).  Mercuric  chloride  is  not  immediately  precipitated  by  alkaline 
pyrophosphates,  but  after  some  time,  or  more  quickly  when  heated,  a red  basic  salt  is 
precipitated.  {Handu\,  vi  398.) 

2.  Mrreurous  Pyropho8phafe,  Hg*P^O’.H*0  (at  100°). — Mercurons  nitrate  forms 
with  pyrophosphate  of  sodium  a white  crystalline  precipitate,  insoluble  in  water, 
soluble  when  recently  precipitated  in  excess  of  the  alkaline  pyrophosphate,  the  solution 
depositing  a black  powder  when  boiled.  The  salt  dried  ut  l00°  is  blackened  by  solu- 
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tioD  of  soilic  pyrophosphate',  but  not  dissolTi'd.  The  salt  when  ignitod  learm  a 
residue  of  mercuric  metaphoi‘phate.  (Schwarzenberg.) 

Pbospbatet  of  Molybdenum.  A solution  of  molylHlic  chloride  yields  with 
orthophosphate  of  ammonium,  a light  red  flocculeut  precipitate,  but  the  precipitation  is 
not  complete.  A tillered  tudution  of  molybdic  dioxide  in  aqueous  phosphoric  acid 
leaTos,  on  evaporation,  a red  viscid  muss  consisting  of  an  acid  salt,  soluble  with  r<Ki 
colour  in  ammonia  ; but  the  solution  soon  becomes  turbid,  and  deposits  the  greater  part 
of  the  salt;  it  becomes  colourless  on  exposure  to  the  air. 

A solution  of  molybdous  chloride  forms,  with  disodic  orthophosphate,  a d.>irk  grey 
precipitate,  soluble  in  excess  of  the  molybdous  chloride.  A solution  of  molybdous 
nydrate  in  phosphoric  acid  yields,  by  spontaneous  evaporation,  a dark  purple  deliquee- 
cent  mass,  the  ummoniacal  solution  of  wlucb  is  dark  brown  by  transmitted,  black 
and  opaoue  by  n-flectj'd  light. 

Pfu^phi/TAoiyMic  acid  has  already  been  described  (iii.  1037).  The  yellow  phospho- 
molybdatc  of  ammonium,  preoipitut<*d  on  adding  a small  quantity  of  a soluble  ortho* 
phosphate  to  a solution  of  molylxlato  of  ammonium  raix«sl  with  nitric  or  hy<lrochloric 
acid,  contains,  according  to  various  authorities,  fn>m  311  to  3 82  p«*r  cent. 
and  91-28  to  92  70  far  c<‘nt.  MoO*.  Zencker  (Jahresb.  1853,  p.  355)  assigns  to  it. 
the  formula  {NH*)*0.6(H*0.Mo0“)  + 2(NH*)H  PO*.  jjy  mixing  a syrupy  solution  of 
molybdic  trioxide  in  hydrochloric  acid  with  a small  quantity  of  phosphoric  acid,  and 
saturating  with  potash,  a moss  of  crystalline  seab-s  is  obtaiuetl.  consisting  of  a potas- 
sium-salt, having,  according  to  Zencker,  the  comjKMiitiun  3(K'O.MoO*).2Kfl*P0^9II*0 
(see  iii.  1037  and  iv.  546). 

Phoapbatea of  nrickel.  a.  Metaphosphatf^'Sx'VK^*. — Obtained  by  evaporating 
a solution  of  nickel-sulphate  in  phosphoric  acid  snd  heating  the  residue  to  316®.  It 
is  u greenish-yellow  p«»wder,  insoluble  in  water  and  in  dilute  acids,  and  not  decomposed 
by  aqueous  alkaline  carbooat<  s or  sulphides  even  at  the  boiling  heat,  but  decomposed 
by  beating  with  strong  sulphuric  acid  or  by  fusion  with  carbonate  of  sodium. 
(.Maddrell.)  ^ 

/9.  Orthophosphatf,  Ni*P*0V7H*0. — Light  green  precipitate  insoluble  in  water, 
soluble  in  excess  of  the  nickel-salt,  easily  soluble  in  acids;  gives  off  water  and  turns 
yellow  when  heated. 

The  recently  prt^cipitated  salt  di.HSolves  in  aqueous  ammonia,  and  on  boiling  the 
solution,  or  mixing  it  with  alcohol,  an  ammonio-nickel  phosphate  is  deposited  in 
light  blue-green  or  apple-green  flocks.  If  the  alcohol  be  canfuUy  poured  on  the 
solution  so  as  to  form  a layer  on  the  surface,  the  double  salt  is  gradually  deposited  in 
green  crystalline  grains. 

y.  Pyropkosphaif^  Ni*P*O’.0IPO  (at  lOfi®),  is  obtained  by  precipitation  as  a 
light  green  powder,  insoluble  in  water,  easily  soluble  in  acids,  and  separating  in  the 
crystalline  state  from  the  solution  in  sulphurous  acid  : it  dissolves  in  ammonia  and  in 
excess  of  alkaline  pyrophosphate,  and  the  nickel  is  precipitated  therefrom  by  sulphide  of 
ammonium. 

If  the  nickel-salt  contains  cobalt,  the  col>alt-pyrophosphate  is  deposited  from  the 
solution  in  sulphurous  acid  on  boiling,  before  the  nickel-salt,  and  on  mixing  the 
animoniacal  solution  with  alcohol,  the  cobalt-Kalt  is  precipitated  alone. 

Fbospbate  of  Osmium.  An  osmious  phosphate  is  produced  by  bnming 
phosphide  of  osmium  in  contact  with  air,  or  dissolving  osmious  hydrate  m aqueous 
pb<jsphoric  acid.  It  forms  a dark  blue-green  mass  nearly  insoluble  in  cold  water,  but 
tKtIuble  with  grem  ctdour  in  nitric  acid. 

Ftaosphate  of  Falladlmn.  When  aqueous  phosphoric  acid  is  boiled  in  contact 
with  {Killndiuin,  part  of  the  m«‘tal  dissolves,  and  phosph->rou8  acid  is  likewise  fomuHl, 
which  reiluces  a portion  of  the  dissolved  palladiuus  oxido,  so  that  us  the  liquid  cools  a 
film  of  metallic  palladium  forms  on  its  surface. 

]*a]ludiuu.i  nitrate  yit?lds  a light  yellow  precipitate  with  alkaline  orthophosphates. 

PbospbatOA  of  Potassium,  a.  Metaphosphatea. — MonopoUssic  ortho- 
phosphate heated  nearly  to  re»lness  is  converted,  without  melting,  into  the  metaphosphate 
KPO*,  which  melts  at  a higher  tern  j>emt are  without  further  nltemtion  (G  ruhain).  The 
same  salt  is  obtained  by  evaporating  2 pis.  potassic  chlorate  with  1 pt.  of  syrupy 
phosphoric  acid,  strongly  igniting  the  residue,  and  tr«*ating  it  with  water:  the  metu- 
pltospbate  theu  rtunains  as  a white  powder  (Maddrell).  It  is  nearly  insoluble  in 
water,  but  is  dissolved  by  acids  either  ctincenlralcd  or  dilute.  Its  solution  in  acetic 
aci*l  gives  precipitates  with  chloride  of  barium,  acetate  of  lead,  and  nitrate  of  silver. 

The  dimetaphnspkaU,  is  pwpart'd  by  digesting  anliydrous  cupric  di- 

metaphosphate with  a solution  of  munosulphide  of  potassium  containing  but  little 
aulphydrate,  and  heutmg  the  liquid  to  (lie  boiling  point.  On  adding  a little  nlcohol  to 
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the  filtrate,  the  di  metaphosphate  separates  in  the  form  of  a concentrated  eolation,  which 
does  not  crystallise  eomplet«?ly  till  after  some  time.  The  salt  is  soluble  in  1'2  pt«.  of 
water  either  hot  or  cold  ; the  solution  has  a saline,  somewhat  bitter  taste.  At  100®  it 
gives  off  all  its  water  without  auy  molecular  alteration  of  the  residual  salt,  but  at  a low 
red  heat  it  is  converted  into  monometaphosphate,  which  melts  at  an  incipient  white 
heat,  and  solidifies  in  the  crystalline  form  on  rapid  cooling.  (Fleitmann.) 

Mfinpkosphatea  of  Potassium  and  Ammomww.— When  1 at.  dimetaphosphate  of 
potassium  and  I at.  of  the  corresponding  ammonium-salt  are  mixed  and  evaporated, 
the  salt  K’(NH*)P*0'’.2H*0  ciystallisea  out  first ; afterwards  a fwilt  containing  more 
ammonia,  viz.  which,  if  thoroughly  purified,  would  ppobahly  exhibit 

the  composition  K(NH*)*P^O'^  The  first  salt  contains  the  same  proportion  of  cry- 
stallisation water  as  dimetapitospbate  of  potaasium,  and  gives  it  all  off  at  150®. 
(Fleitmann.) 

$.  Orthophosphates. — The  mnnopotassie  or  di~acid  salt,  KIT^PO*,  is  obtained  by 
mixing  potassic  hydrate  or  carbonale.  or  eithrr  of  the  two  following  salts,  with 
sufficient  aqueous  phosphoric  acid  to  produce  a slight  acid  reaction.  On  evaporatiiig 
the  solution,  the  salt  is  deposited  in  large  rt'gular  <limelric  crystals,  having  a pure  acia 
taste,  easily  soluble  in  water,  but  insoluble  in  alcohol.  It  undergoes  no  alteration  at 
200®,  but  at  a low  rod  heat  it  gives  off  its  water,  and  is  converted  into  meta- 
ph  osphate. 

The  di^M)tassic  or  mono-acid  salt,  K’JlPO*,  is  produced  by  mixing  aqueons  phos- 
phoric acid  with  a sufficient  quantity  of  alkali  or  alkaline  carbonate  to  produce  a slight 
alkaline  reaction,  and  evaporating.  It  crystallises,  according  to  Berzelius,  in  irregular 
forms;  according  to  Graham  it  is  uncrystallisable.  It  is  ea.sily  soluble  in  water,  in- 
soluble in  alcohol,  and  is  converted  into  pyrophosphate  by  ignition. 

The  tripotassic  or  neutral  salt,  K*I'0*,  is  prepared  by  igniting  phosphoric  acid  or 
either  of  the  preceding  salts  with  the  requisite  quantity  of  potassic  hydrate  or  carbonate. 
By  solution  and  evaporation  it  may  be  crystallised  in  needles  which  are  very  soluble  in 
water,  but  not  deliquescent  The  diy  snit  is  permanent  in  the  air;  the  solution  ab- 
sorbs carbonic  acid  (0  raham).  When  strongly  heated  it  melts  to  an  enamel-like  ma.«s. 

Barpto-potassic  phosphate. — By  igniting  1 at.  barytic  pyrophosphate,  Ba^P*0’,  with  I 
at.  (M)tassic  carbonate,  a mass  is  obtain^  which,  when  wa.sbed  with  water,  yields  a 
solution  containing  potash  and  phosphoric  acid,  while  the  residue  contains  the  salt 
Bii"KPO*,  together  with  a large  quantity  of  tribarytic  phosphate. 

CaJcvy-potassic  phosphate,  Ca"^KPO\  is  form<^  by  igniting  together  equivalent 
quantities  of  potassic  carbonate  and  dicalcic  phosphate.  (H.  Hose.) 

Magnrsio-potassic  phosphate,  Mg“KPO*,  obtained  in  like  manner,  is  sparingly 
soluble  in  water,  and  may  be  completely  washed  with  dilute  aqueous  ammonia. 
(H.  Hose.) 

7.  Pyrophosphates  of  Potassiu  m. — The  dipotassic  or  and  salt,  K*H*P*0', 
is  prepared  by  dissolving  the  neutral  salt  in  acetic  acid,  and  adding  alcohol : it  then 
separates  as  a syrup,  which  must  he,  washed  several  times  with  alcohol  to  ivmovu 
the  potaasic  acetate,  and  then  dried  over  oil  of  vitriol.  It  is  white,  and  very 
deliquescent.  The  aqueous  solution  is  acid,  and  is  not  decomposed  by  boiling. 
(Sch  warzenberg.) 

The  tttrapotassic  or  neutral  salt,  K*P*0^  i.«*  formed  by  the  ignition  of  dipotassic 
orthophosphate;  but  the  residue  when  dissolved  in  water  takes  up  basic  water,  and  is 
reconverted  into  orthophosphate.  The  neutral  pyrophosphate  may,  however,  be 
obtained  in  a permanent  state  by  treating  an  alcoholic  solution  of  potash  with  a slight 
excess  of  ordinary  phosphoric  acid,  and  afterwards  adding  alcohol  till  the  liquid 
becomes  milky ; in  the  course  of  24  hours  a dense  acid  syrup  separates,  which  is  a 
mixture  of  the  di-  and  tetra-potassic  orthophosphates.  The  syrupy  mixture  is  then 
evaporated  to  dryness  in  a platinum  dish  and  ignited,  whereby  a mixture  is  ohtainf'd 
consisting  of  pyrophosphate  and  metapliosphato  of  potassium,  which  can  readily  he 
s<  parated,  in  consequence  of  the  insolubility  of  the  latter  salt  iu  water.  Byrophosplmte 
of  potassium,  after  ignition,  forms  a white  fused  mass,  which  deliquesces  verj’  rapidly 
in  the  air;  its  aqueous  solution  has  an  alkaline  r^^action.  and  maybe  boihd  witlmut 
being  cunv**rt»*d  into  orthophosphate.  This  change  takes  place,  however,  when  the 
solution  of  the  salt  is  boiled  with  caustic  potiish.  When  a syrupy  solution  of  pyro- 
phosphate of  |)otas8ium  is  evaporated  over  oil  of  vitriol,  it  solidifies  to  a brilliant  white 
mass  consisting  of  K*I^O\3H*0.  One  atom  of  water  is  driven  off  below  100®,  but 
the  salt  is  rendered  anhydrous  only  at  a tem|>oraturcof  300®.  (Sch  warzenberg.) 

Ammauin-potas.sic  pyrophosphate,  2K’(NH*)UP^OMI^O. — This  salt  remains  when 
monopotjissic  pyroph*>sphate  is  saturated  with  ammonia,  and  the  concentrated  solution 
is  evapomtetl  over  a mixture  of  quicklime  and  sal-ammoniac.  It  is  white,  deliquescent, 
and  verj'  soluble  in  water,  forming  an  alkaline  solution,  which  detx>nn)08e3  on  boiling. 
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with  CTolution  of  ammoniA,  ultimately  leaving  nothing  but  monopotasaic  pyrophosphate. 
(Schwarsenberg.) 

Chromico-potcuaic  pyrophosphatr. — Chromic  p>Ti>pho9phatr  diasolves  in  exrew  of 
potaaaic  pirophoaphate,  forming  a green  eolation  which  ie  not  precipitated  by  sulphydric 
acid  or  sulphide  of  ammonium. 

Cuprico-potauic  pyrovko»phaU^  Cu'T^*P*0Ml*O  (Persoz). — Cupric  pyrophosphate 
dieflolvee  in  excess  of  the  potaasic  salt,  but  the  resulting  double  salt  has  not  been 
obtained  in  the  solid  state,  the  solution  when  erap«>rated  depositing  cupric  pyrophos- 
phate. Perso*  has,  however,  determined  the  composition  of  the  dissolved  salt  by 
mixing  a titrated  solution  of  cupric  nitrate  with  a titrat'd  solution  of  potassic  pyro- 
phosphate till  the  precipitate  which  is  formed  at  first  reclissolves. 

A piece  ©riron  immersed  in  the  aqueous  solution  of  tho  double  salt  becomes  covered 
in  a few  days  with  microscopic  crystals  of  metallic  copper;  in  like  manner  sine  pre- 
cipitates the  copper  from  this  solution,  but  slowly  and  imperfectly. 

Fhoaphate  of  &lio4Uaizu  Khodic  oxide,  mixed  with  phosphoric  acid  and  heated 
to  redness,  yields  a brown  mass,  from  which  water  removes  tlic  excess  of  acid,  but  at  tho 
same  time  takes  up  a portion  of  the  salt,  acquiring  thereby  a dark  brown  colour, 
changing  to  light  yellow  on  dilution. 

Fhoapbatea  of  Silver,  a.  Metapho$phate», — 'Thf*  dinutaphosphaU, 
is  obtained  by  precipitating  nitrate  of  silver  with  the  corn  sponding  sc^ium-salt,  as  a 
crystalline  powder,  orin  small  distinct  crystals,  according  to  the  degree  of  concentration 
of  the  solution  used.  It  is  slightly  soluble  in  water,  and  melts  when  heated  to  a trans- 
parent glaaS|  which  is  insoluble  in  water. 

The  trimtiaphotphaUt  Ag*PH)*.H’0,  separates  gradually  from  a moderately  con- 
centrated mixture  of  silver  nitrate  with  sodic  trimetaphoNphato,  in  ciystals  app-trently 
monoclinic,  soluble  in  60  pts.  of  cold  water,  and  separating  unaltered  on  eva|ioraTing 
the  solution  acidulated  with  nitric  acid.  It  givt*s  off  its  water  at  100^  (not  over  oil  of 
vitriol  at  ordinary  temperatures),  and  when  about  half  the  water  has  gone  off  (about 

per  cent)  the  remaining  salt  is  soft,  has  an  acid  reaction,  and  pcrb&ps  consists  of 
bexmetaphosphate. 

The  trimetaphosphate  has  a great  tendency  to  form  double  salts,  so  that  the  crystals 
obtained  as  al>ove  always  contain  a certain  quantity  of  sodium-salt,  unless  a large  ex- 
cess of  silver-nitrate  has  been  used  in  preparing  them. 

Hexmetaphosphntf^  Ag^P*0‘*,  separates  in  shining  crystals  when  oxide  of  silver  is 
melted  with  excess  of  phosphoric  acid  and  the  mo-ss  is  left  to  cool  slowly.  Formnl 
also  by  precipitating  a solution  of  recently  ignited  metaphosphoric  acid  in  ice-cold 
water  with  nitrate  oif  silver.  It  is  white,  insoluble  in  water,  b^mes  soft,  and  semi- 
fluid at  102'^.  and  melts  to  a transparent  glsss  at  a higher  temperature.  It  is  decom- 
posed by  sulphide  of  sodium,  yielding  Graham’s  dtdiquescent  metaphoephate  of 
sodium.  By  prolonged  boiling  with  water,  it  gives  up  part  uf  its  acid,  and  is  con- 
verted into  a ropy  mass,  consisting,  accordiug  to  Berzelius,  of  3Ag'0.2P’0*,  or 
Ag*P*0'«. 

3 Ortkophasphate$. — The  di^apgmtic  salt,  Ag*IIPO*.  is  produced  by  dissolving 
the  tri-argentic  salt  in  phosphoric  acid,  or  by  mixing  nitrate  of  silver  with  a large 
excess  of  phosphoric  acid  and  evaporating  (Berzel  in  s).  and  often  separates  on  mixing 
a solution  of  the  tri-argentic  salt  in  phospnoric  acid  with  ether  (Sch  warzen  berg  i. 
By  evaporation  of  the  acid  solution,  it  is  obtained  in  colourless  ciy  stalliiie  Iumina>.  It 
is  immciliately  resolved  by  contact  with  water  into  the  tri-argentic  salt  and  frae  phos- 
plioric  acid. 

The  tri-argentic  $ali^  Ag*PO*.  is  obtained  by  precipitating  nitrate  of  silver  with  any 
alkaline  orthophosphate.  It  is  a lemon-yellow  powder,  the  colour  of  which  affords  a 
characteristic  test  for  orthopliosphoric  acid,  the'  other  two  modifleations  giving  white 
precipitates  (pp.  638,  639,  642).  It  is  insoluble  in  water,  but  easily  soluble  in  acids,  even 
in  acetic  acid;  also  in  aqueous  ammonia,  and  is  deposited  on  evaf>orating  the  ammoni- 
aca!  solution  in  yellow  crystalline  grains.  It  i«  blackened  and  decompoeed  by  exposure 
to  light,  assumes  a transient  dark  orange-red  colour  when  heated,  ana  melts  at  a strong 
red  beat. 

7.  PyropAospAafe,  Ag*P*0’ or  2Ag*0.P*0*.— Formed  by  precipitating  nitrate  of 
silver  with  either  acid  or  neutnl  pyrophosphate  of  sodium,  the  supernatant  liquid 
being  neutral  in  either  case.  It  is  a white  powtler,  of  specific  gravity  6 306  at  76*^; 
contains  no  water;  fuses  somewhat  below  a red  heat,  without  any  decomposition,  and 
forms  a dark  brown  liquid,  which  on  cooling  solidifies  to  a white,  radiated  mass  ; 
assumes  a reddish  colour  on  exposure  to  light.  Wlien  boiled  with  ordinary  phosphate 
of  sodium,  it  is  immediately  decomposed,  yielding  yellow  tri-argentic  phosphate  and 
aqueous  pyrophosphate  of  s^ium : probably  in  this  manner: 

3Ag'P*0»  + 4Na*HPO*  - 4Ag>r0*  + Na*P*0-  + 2Na-H=P»0». 
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According  to  thii,  the  water  ahonld  contain  both  mono*  and  di>eodic  pjiophoephate. 
Pyrophosphate  of  silTer  disaolTee  readily  in  cold  nitric  acid;  but  when  boilMwith 
either  nitric  or  salphuric  acid,  it  U conrorted  into  the  orthophosphate,  so  that  the  so> 
Intion  gires  a yellow  precipitate  on  addition  of  ammonia.  Aqueous  hydrochloric  acid 
coDTerts  it  into  chloride  of  silver  and  free  phosphoric  acid.  It  dissolves  with  tolerable 
facility  in  ammonia,  and  is  thrown  down  unchanged  by  acids.  It  is  insoluble  in 
acetic  acid,  and  not  altered  by  boiling  with  water  (Stromeyer);  insoluble  in 
solutions  of  the  pyrophosphates;  very  slightly  soluble  in  silror-nitrste.  (Schwar* 
senberg.) 

8.  Flat/nann  and  SUvrr-pAospAaUt. — These  salts  are  obtained  by 

precipitating  the  corresponding  sodium-s^ts  (p.  637)  with  nitrate  of  silver.  The  salt 
Ag*P*0**or  3Ag*0.2l**0*  dissolves  in  a large  excess  of  the  sodium-salt ; it  is  insoluble  in 
water,  but  is  d^mposed  by  prolonged  washing  with  water,  phosphoric  add  dissolving 
out.  It  melu  at  a moderately  high  temperature.  It  is  perhaps  identical  with  the  salt 
which  Berzeliusobtained  by  prolonged  boiling ofdi-argenticphospbate  with  water(p.  676). 

The  salt  Ag‘*P'*0*'  or  6Ag*0.6PO*  is  easily  soluble  in  excess  of  the  corresponding 
■odium-salt. 

VboBpluttea  of  •odium,  a,  JifeiapAospiaies,  fiNaPO*. — Salts  having  this 
composition  obtained  by  ignition  of  disodic  p^pophosphate,  Na*H*F*0’,  or  monosodio 
orthophosphate,  NaII*FO*,  or  sodio-ammonic  orthophosphate  (microcosmic  salt), 
Na(Nn^)UPO*,  and  mont  advantageously  from  the  last-mentioned,  which  is  easily  pre- 
paid pure.  The  resulting  metaphosphates,  as  first  shown  by  Graham,  exhibit  con- 
siderable diversity  of  chai^er,  according  to  the  degree  of  heat  applied  and  the 
quickness  or  slowness  of  the  rate  of  cooling — differences  which,  as  already  observed, 
are  attributed  to  pulymeric  modifications  (p.  538). 

Monosodic  pyrophosphate  and  orthophosphate,  when  heated  for  some  time  to  200*^ 
— 260^,  give  off  nearly  all  their  water  of  crystallisation,  and  the  remaining  salt,  after 
being  heated  to  about  315^,  retains  scarcely  one-third  per  cent  water.  If  it  be  tlien 
treated  with  water  after  cooling,  the  greater  part  dissolves  as  pyrophosphate,  while  a 
small  ouantity  of  metaphosphate  remains  behind.  After  the  salt  has  been  heated  more 
strongly  and  for  some  minutes  to  near  redness,  the  residue  is  for  the  most  part  inso- 
luble, and  consists  of  mono-metnphospbate.  When  strongly  ignited  it  melts,  and 
after  very  slow  cooling  yields  a crystallisable  salt  containing  s^c  tri-metapbos- 
phate ; by  rapid  cooling,  on  the  other  hand,  it  is  converted  into  vitreons  hexmeta- 
phosphate.  In  like  manner  microcosmic  salt,  when  exposed  to  a syadually 
increasing  temperature,  first  gives  off  crystallisation-water  and  ammonia,  leaving  a 
very  acid  soluble  salt,  consisting  chiefly  of  disodic  pyrophosphate;  but  on  increasing 
the  beat,  more  water  goes  off,  and  there  remains  a metaphosph^  which  melts  at  a 
red  heat — Dimetaphosphate  and  tetrametaphosphate  of  sooiom  are  obtained  from  the 
corresponding  copper  a^  lead-salts  by  double  decomposition. 

1.  The  mononuiapAotpAaie^  KaPO*,  obtained  as  alwve,  or  by  fusing  2 pts.  nitrate  of 
sodium  with  1 pt  of  syrupy  phosphoric  acid  at  a strong  heat,  and  washing  out  the 
product  with  cold  water,  is  a dense  white  powder,  nearly  insoluble  in  water,  even  at 
the  boiling  heat  but  easily  dissolved  by  acids  (Maddrell).  By  boiling  with  caustio 
alkalis  it  is  slowly  converted  into  orthophosphate. 

2.  DinutapAo9pAate^  Na*P*0*.2HK). — Obtained  by  digesting  cupric  dimeCapbosphata 
(p.  660)  with  a warm  solution  of  monosulpbide  of  sodium,  filtering  when  the  solution 
retains  only  a slight  alkaline  reaction,  evaporating  in  contact  with  the  air.  dissolving 
the  residue  in  water,  and  gradually  adding  an  equm  volume  of  alcohol  of  80  per  cent 
It  then  separates  in  concentric  groups  of  long  needlea.  This  salt  dissolves  in  7*2 
pts.  water,  either  hot  or  cold,  forming  a neutral  solution,  which  may  be  kept  for  months 
without  alteration  in  the  cold,  bnt  is  converted  by  prolonged  boiling  into  orthophos- 
phate without  passing  through  the  intermedia  stage  of  pyrophosphate.  It  gives  off 
all  its  water  at  100^ ; the  dry  salt  absorbs  water  from  the  air,  and  becomes  hot  when 
mixed  with  water.  It  separates  unaltered  from  a solutxon  in  caustic  soda  on  evapora- 
tion, and  from  solntion  in  hydrochloric  acid  on  addition  of  alcohol ; bnt  when  heated 
with  acids,  especially  with  strong  sulphtiric  add,  it  yields  ortbophosphoric  acid. 
(Fleitmann.) 

Bodi(Himin<mic  DimetapAotpAaU^  Ka(Nn*)F*0*.H*0,  crystallises  on  adding  alcohol 
to  a solntion  of  the  dimetapbosphates  of  sodium  and  ammonium  in  equivalent  propor- 
tions The  crystals  resemble  those  of  the  sodio-potassic  salt,  are  less  soluble  in 
water  than  di-metaphospbate  of  ammonium,  but  more  soluble  than  the  sodium-salt. 
It  gives  off  its  water  at  100°.  (Fleitmann.) 

Sodio^ta»tic  dimetapAotpAatty  NaEP*0*.H’0,  separates  as  a crystalline  powder  on 
mixing  the  concentrated  solutions  of  the  component  salts  in  equivalent  proportion ; also 
on  mixing  the  potassium-salt  with  chloride  of  sodium,  or  the  sodium-salt  with  chloride 
of  potassium.  Dilute  bolutions  yield  the  double  salt  in  larger  crystals  by  spontaneous 
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eTAporatioD.  It  dissolyes  in  24  pts.  of  cold  water.  The  crystals  do  not  gire  off  all 
their  WHter  of  crystallisatioD  at  150^;  at  higher  temperatures  the  salt  melts,  and  is 
converted  on  cooling  intotransnarent  easily  soluble  hexmetaphosphale.  (Fleitmaun.) 

8odio-<irgentic  dimftapho^kate,  NiiAg^O*,  separates  gmdu^y  from  a solution  of 
silTer-nitrate  mixed  with  excess  cf  the  sodium-siut,  iu  beautiful,  transparent,  monocli* 
sic  crystals.  When,  on  the  contrary,  an  excess  of  silrer-nitrate  is  used,  smaller  cry* 
stals  are  obtained  consisting  of  pure  argentic  dimetaphosphate.  (Fleitmann  aud 
Henneberg.) 

3.  Trimtiaphosphate  of  Sodium,  Na*P*0*.6H*0  or  3Na*0.3P’0M2H’0  (ciyrtal- 
lisablo  metaphosphate),  is  formed  by  exposing  microcosmic  salt  to  a moderate  heat 
(Graham),  or  by  slow  cooling  of  the  strongly  heated  and  fused  salt  (Fleitmann 
and  H e n n c b e rg).  A considerable  mass  of  the  salt,  left  to  cool  very  slowly,  becomes 
beautifully  crystalline,  and  if  then  dissolved  in  a moderate  quantity  of  worm  water, 
yields  a milky  liquid,  which  separates  on  standing  into  two  layers,  the  larger  of  which 
yields  the  ciystailine  salt  on  evaporation.  The  finest  crystals  are  obtained  by  leaving 
the  concentrated  solution  to  evaporate  in  shallow  vessels.  The  crystals  are  oblique 
rhombic  prisms,  having  a coohng  saline  taste,  soluble  in  4*5  pts.  of  cold  water, 
sparingly  soluble  in  aqueous  alcohol,  insoluble  in  absolute  alcohol  The  aqueous  solu* 
tion  is  permanent  in  the  cold,  but  turns  add  on  boiling,  and  is  quicklr  converted  into 
acid  orthophosphate ; the  same  change  is  more  quickly  produced  by  dilute  acids.  The 
crystals  do  not  melt  in  their  water  of  crystallisation  when  heated.  At  100^,  or  in 
vacuo  over  oil  of  vitriol,  they  give  off  of  their  water,  the  last  portion  being  expelled 
only  at  a much  higher  temperature. 

^metaphosphate  of  sodium  forms  soluble  double  salts  with  the  two  corresponding 
salts  of  the  alkaline  earth-metals  and  the  diatomic  heavy  metals. 

Sodw^harytic  trimetapho9^hate,  Na*Ba*P*0**.H*0,  separates  in  stellate  groups  of 
crystals  from  a filtered  solution  of  1 pt.  chloride  of  banum  and  2 to  3 pts.  trimeta- 
phosphate of  sodium.  It  is  somewhat  more  soluble  in  water  than  the  pure  barium-sHlt 
(p.  653).  The  crystals  give  off  5 at.  water  at  100^,  the  rest  without  tumefaction  at  a 
stronger  heal  The  slightly  ignited  unfused  mass  is  insoluble  in  water,  but  becomes 
easily  soluble  after  fusion. 

4.  TetrametaphotphaU  of  5brfi«m,Na*P*0'*  with  3 or  4 at  H*0,  or4Na*0.4P’0*with 
6 or  8 at.  H^O.— This  salt  is  prepaid  by  digesting  the  corresponding  lead-salt  with 
monosulphide  of  sodium.  The  action  takes  place  quickly  and  with  rise  of  temperature, 
the  mixture  swelling  up  and  solidifying  to  a coherent  elastic  cake  consisting  of  sodic 
tetrametapbosphate  mixed  with  finely  divided  sulphide  of  lead,  and  the  liquid 
remaining  gummy  even  when  dilated  with  100  times  its  bulk  of  water,  so  that  it  can 
scarcely  ^ filter^.  By  adding  alcohol  to  the  dilute  solution,  the  salt  is  precipitated 
as  a colourless  elastic  rop^  mass,  like  caoutchouc.  The  solution  is  neutral  and  dnes  up 
by  spontaneous  evaporation  to  a transparent  fissured,  non-hygroscopic  mass.  The 
salt  melts  when  heated,  and  is  convertea  into  hexmetaphosphale  of  soaium. 

Tetrametaphosphate  of  sodium  forms,  with  the  salts  of  the  alkaline  earth-metals, 
insoluble  clastic  compounds,  which  by  prolonged  contact  with  water  are  converted  into 
orthophosphates.  (Fleitmann.) 

Sodio-cupric  UtrametaphotphaU,  Na*Cu*P*0**,  is  obtained  by  mixing  the  dimeta- 
phosphates  of  copper  and  sodium,  adding  one-fourth  as  much  phosphoric  acid  as 
the  two  salts  together  contain,  evaporating,  and  heating  the  dry  residue  to  300*^. 

Sodio^magnetie  metaphoi^kaU,  Na*Mg  — When  phosphoric  acid  prepared 

frr)m  bones  and  fr^ed  from  lime  and  sulphuric  acid  (p.  580)  is  evaporated  down,  and 
then  heated  for  some  time  to  metaphosphate  li  magnesium  separates  out  first, 
and  tlien,  after  longer  heating,  the  sodio-magnesic  salt,  as  a white  powder,  insoluble  in 
water,  hydrochloric  acid  aud  nitromuriatic  acid,  and  soluble  only  in  strong  sulphuric 
add  (Haddrell).  This  salt  has  the  composition  of  a di-  or  tetrametaphosphate,  but 
the  mulicular  modification  to  which  it  belongs  is  not  exactly  known. 

when  sulphate  of  cobalt  is  heated  to  316^  with  impure  phosphoric  add  containing 

sodic  metaphosphate.  A doable  salt,  containing  Ka*Co”F*0*l  separates  as  a powder  of 
a fine  rose  colour,  insoluble  in  water  and  in  acids,  even  in  strong  sulphuric  add.  A 
n^itef-salt  of  analogous  composition  is  obtained  in  like  manner  as  a greenish  powder, 
soluble  only  in  strong  sulphuric  add. 

6.  Hermetaphosphate  of  Sodium,  Na*P*0**  or  6Na*0.6P*0*  {dfliqxuKtnt  or  vifreoui 
metaphosphate;  Graham's  metaphosphate).  This  salt,  obtained  by  rapid  cooling  of  the 
melted  moss  (p.  577),  forms  an  amorphous,  colourless  glass  which  quickly  absorbs 
moisture  from  tlic  air  and  deliquesces.  It  dissolves  easily  in  water  and  in  alcohol 
forming  slightly  acid  solutions.  When  dried  in  the  air  at  30^.  it  becomes  viscid  and 
dries  up  to  a transparent  gum.  The  salt  dried  in  vacuo  contains  1 at  soda  to  more 
than  l|  at  water  (or  I at.  Na  to  1^  at.  H.),  and  it  still  retains  1 at  water  after  diying 
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at  100®,  but  ia  then  conTerted  into  diaodic  pjrophoephste,  Na*H*P*0’.  The  aqueous 
solution  does  not  undei^  any  change  either  in  the  cold  or  when  boiled  either  alone  or 
with  caustic  Boda.  (Qraham.) 

Sodio^ammonic  Hexm^iapkosphate. — When  the  solution  of  the  salt  just  described  ia 
evaporated  with  sal-ammoniac  and  then  mixed  with  alcohol,  this  double  salt  separates 
as  a syrup,  which  may  be  purified  by  solution  in  water  and  reprecipitation  with 
alcohol,  it  contains  soda  ana  ammonia  in  proportions  varying  between  1 : 1 and  6:1. 
(Fleitmann.) 

Orthophosphates  of  Sodium,— Tho  numosodic  salt,  KaH’P0MI*0  *- 
I P*0\2H*0,  is  obtained  by  mixing  the  solution  of  the  disodic  salt  with 

phosphoric  acid  till  it  no  lon^r  precipitates  chloride  of  calcium.  The  solution  con* 
centruted  and  cooled  deposits  ine  salt  in  rather  large  crystals  belonging  to  the  trimetric 
83*stem.  The  more  ordinary  form  has  the  axes  a:  b \ e a 0*9342  ; 1 : 0*0673.  Angle 
ODp  : ooP  •>  80°  6';  l^oo  : too  (basal)  » 91°  24'.  The  dominant  combination  is 
oeP  . oP  with  the  faces  Poo , P,  otfee , and  others  subordinate.  Sometimes,  however, 
the  salt  crystallises  in  another  form,  also  trimetric  and  isomorphous  with  monoeodic 
arsenate,  NaH*AsO‘.H*0.  In  this  form  the  axes  a : b \ c * 0*8170  : 1 : 0*4988. 
Angle  P : P (brachyd.)  - 133°  48' : P : P (macrtxi.)  « 122°  38' ; P : P (basal)  =. 
76°  38’;  exP  : oeP  « 78°  30';  j?®  : f®  (basal)  « 53°  7';  2f®,  2t®  (basal)  - 
83°  59'.  Principal  faces  ceP,  P,  with  I^®  and  2P®  subordinate.  The  salt  is  there- 
fore dimorphous  (Kopp).  lly  rapid  crystallisation  of  a strougly  concentrated  solu- 
tion, or  from  a solution  of  the  disodic  salt  mixed  with  nitric  acid,  it  separates  in 
crystals. 

The  crystallised  salt  has  a specific  gravity  of  2*040.  It  gives  off  all  its  crystallisa- 
tion water  at  100°,  molts  at  204°,  giving  off  1 at.  basic  hydjrogen,  and  being  converted 
into  pyrophosphate,  and  at  235°  it  ^ves  off  the  last  atom  of  hydrogen,  leaving  a 
residue  of  metapbosphate.  It  is  easily  soluble  in  watt%  insoluble  in  alcohoL  The 
solution  forms  a yellow  precipitate  with  silver-nitrate,  but  the  precipitation  is  not 
complete,  as  the  nitric  acid  which  is  set  free  holds  a portion  of  the  silver  phoephate  in 
solution. 

Disodic  Orthophosphate  or  Memoadd  Phosphate  of  Sodium,  Na*HPO*  or  | P*0*, 

also  called  ordinary  or  neutral  phosphate  of  soda;  salmirahileperlaium. — This  salt  occurs 
in  the  blood,  especially  in  that  of  poultry,  and  in  urine.  It  is  easily  prepared  by  adding 
caustic  soda  or  sodio  carbonate  to  ortbophosphoric  acid  till  the  liquid  becomes  slightly 
alkaline.  It  is  obtained  in  larger  quantities  from  bone-phosphoric  acid,  which  for  this 
purpose  must  be  frt^e  from  excess  of  sulphuric  acid,  but  may  contain  lime  or  magnesia ; 

3 pts.  of  burnt  bones  are  digested  fur  al^ut  24  hours  with  2 pts.  sulphuric  acid  and 
24  pts.  water ; the  resulting  paste  is  washed  with  warm  water,  and  the  liquid  is  mixed 
with  sufiflcient  carbonate  of  8<^ium  to  produce  a slight  alkaline  reaction.  The  lime  and 
magnesia  are  thereby  precipitated  as  trimetalUc  ^osphates,  any  nrsenious  or  arsenic 
acid  that  may  bo  present  being  precipitated  at  the  same  time.  The  solution  is  then 
evaporated  to  the  crystallising  point,  the  more  soluble  foreign  salts  remaining  in  solu- 
tion, and  the  crystals  of  disodic  orthophosphate  which  separate  are  purified  by  solution 
and  recrystallisation. 

The  crystals  thus  obtained  contain  12  or  24  at.  water  » Ka*lIPOM2H*0  or 
2Na*0 ) 

> P^0*.24H’0.  They  ore  monoclinie  prisms,  having  the  axes  a : b : e « 0*5773  : 

1 : 0*8211.  Angle  of  inclined  axes  *»  68°  30'.  ®P  : odP  (orthod.)  » 112°  10'; 

+ P®  : c « 70° 42';  +2P«  : c • 37°  17';  oP  : ®P  — 73°  S'.  Ordinary  combination 
»P  . oP  . +P.  +2P®,like  figure  295  (Crtstalloobapht,  ii  164).  Isomorphous 
with  disodic  arsenate,  NaniA80M2HH).  The  crystals  are  larger  and  better  developed 
when  they  contain  a small  quantity  of  sodic  carbonate. 

A solution  of  the  salt  left  to  evaporate  at  33°  deposits  crystals  containing  Ka*HPO\ 
2Na*0 ) 

7H^O  or  >FKP.14H*0.  These  crystals  are  monoclinic,  having  the  axes  a : b : c 

a 0*8271  : 1 : 1*099.  Angle  of  inclined  axes  a 83°  O'.  Angle  »P : ®P  (orthod.) 
= 101°  14';  ®P2  : »P2  (orthod.)  - 62°;  +P®  : e ~ 46^*  2T ; oP  : »P  a 
86°  34'.  Combination  »P  . oP  . ®P®  .[®P®J.  +P  . — P . + P®.  Cleavage 
parallel  to  <xP® . The  crystals  arc  isomorphous  with  those  of  the  corresponding  sodic 
arsenate,  Nu*HAsO*.7H*0.  They  do  not  effloresce  on  exposure  to  the  air. 

The  crystals,  Na*HPOM2H'0,  have  a specific  ^vity  of  1*626  (Schiff,  Jahresb. 
1859,  p.  16);  they  melt  in  their  water  of  crystallisation  at  36°,  and  the  salt  after  fusion 
and  solidification  has  a specific  gravity  of  1*586  at  8°.  The  crystals  expand  in  the  ratio 
of  1 : 1*001  between  0°  and  20° ; an^  of  1 : 1*006  between  0^  at  36°;  at  the  moment  of 
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fiuioQ  the  Tolame  increaaes  by  6‘1  per  cent,  so  that  the  Tolome  of  the  liquid  salt  at  35^ 
is  to  the  original  Tolume  at  0°  as  r056  : 1 (H.  Kopp,  Juhresb.  1855,  p.  45).  The 
crystals,  when  exposed  to  the  air  at  ordinary  temperatures,  efflon^e  without  disinte- 
grating; at  a gentle  heat  even  at  30^ — 40*^,  and  likewise  in  racuo  orer  oil  of  Titriol, 
they  ^^ually  give  off  all  their  water  of  crystallisation,  and  the  anhydrous  salt 
pos^  to  moist  air,  gradually  takes  up  7 at.  water.  The  specific  gravity  of  the 
anhydrous  salt  Na’HPO*,  is  T619  (Schiff).  When  heated  to  redness  it  gives  off*  its 
basic  hydrogen  and  is  reduced  to  neutral  sodic  pyrophosphate. 

The  crystals  with  12  (or  24)  at.  water  dissolve  in  4 pts.  of  cold  and  2 pts.  of  hot 
water;  a boiling  saturat4>d  solution  contains  112  pts. of  tne  crystallised  salt  to  100  pts. 
water,  and  boils  at  106'6  (Liebig).  According  to  Fer rein  (Jahresb.  1858,  p.  117) 
1 pt.  of  the  crystallised  salt  dissolves  in  1173  pta  water  at  13'^,  and  the  salt  is  soluble 
in  almost  all  proportions  of  boiling  water.  According  to  Neose  (Jahresb.  1863, 
p.  180),  1 pt.  of  the  salt  dissolves  in  67  pts.  water  at  15°,  in  5*8  pts.  at  20°,  and  in 
3*2  pts.  at  25°.  The  solution  saturated  at  15°  does  not  deposit  any  crystals  after 
stanmng  fur  eighteen  hours  at  12°.  Uence  Keese  regar^  Liebig’s  statement  re^irdiug 
the  solubility  of  the  salt  as  more  correct  than  that  of  Ferrein;  Wittstein  (Arch.  Pharm. 
cxv.  43)  regards  the  latter  as  the  more  exact. — The  7-  or  14-hydrated  salt  Na’ITPO^. 
7H*0  or  2Na*O.H*O.P’0*  4-  14  aq.  dissolves,  according  to  Neese,  in  8 pts.  water  at  23°. 
According  to  Poggiale  (J.  Pharm.  [3]  xliv.  273;  Jahresb.  1863,  p.  181),  100  pts. 
water  at  varions  temperatures  dissolve  the  following  quantities  oi  the  salt  dned 
at  100°:— 


Twnpwetur.1. 

Wdaht  of  salt 
Ma<HPO*  di>M>l.nl. 

Temperatures. 

W.lsht  of  ult 
MsTHPO.  dUKl.nl. 

0®  . 

. 1-65 

60°  . 

5529 

10 

. 4-10 

70 

68-72 

20 

11-08 

80 

. 81-29 

SO 

19-96 

90 

95-02 

40 

30-88 

100 

. 108-20 

60 

43-31 

106-2  . 

. 114-43 

According  to  Schiff  (Ann.  Ch.  Pharm.  cviii.  326;  Jahresb.  1858,  p.  38)  the 
densities  of  solutions  of  various  strengths  are  as  follows 


Percentsfe  of  Ks*H  PO^.ISH^O  Density  of  sdotlon 

in  soluttoo.  at  19^. 

10-59  1-0442 

6*99  10292 

5-29  1*0220 

4-66 1-0198 

3-50 1-0160 

2-83 1-0114 

1-16  1-0067 


Ordinary  phosphate  of  sodium  has  a cooling  saline  taste,  not  so  unpleasant  as  that  of 
GlaubeFs  salt,  and  is  often  used  instead  of  the  latter  as  a purgative.  The  commercial 
salt  frequently  contains  small  Quantities  of  sulphate  and  cUoride,  also  traces  of  areenio 
derived  from  the  sulphuric  acid  used  in  its  preparation  from  bones. 

TrUodie  orthopKospkait,  Na“POM2H*0  or  3Na*0.P*0*.24H*0. — This  salt  is  ob- 
tained by  mixing  a solution  of  the  preceding  with  caustic  soda  and  evaporating  to  the 
crystallising  point ; or  by  ignitiug  dry  disodic  orthophosphate  or  pyrophosphate  with 
the  requisite  quantity  of  sodic  carinate,  dissolving  the  mass  in  water,  and  crystalliaing. 
It  may  be  purified  by  recrystallisation  ^m  2 parts  of  boiling  water. 

The  crystals  are  thin  six-sided  prisms  with  truncated  end-faces ; they  have  a specific 
gravity  of  1-618  (Schiff);  are  permanent  in  dry  air;  melt  in  their  water  of  crys- 
tallisation at  77°.  The  s^t  dried  at  100°  still  retains  1 at.  water  font  of  24  atX 
which  it  gives  ofiT  only  at  a red  beat.  It  does  not  melt  even  at  a full  red  neat,  but  attadu 
glass  strongly  at  that  temperature.  The  crystals  dissolve  in  5 pts.  water  at  15°.  The 
densities  of  solutions  of  various  strengths  are,  according  to  Schiff  (Ann.  Ch.  Pharm. 
cxiiL  183;  Jahresb.  1859,  p.  41),  as  follows:— 


PerMiUM* 
N.>FO<.1IH>0. 
22-03  . 
17-60  . 
11-00  . 
8-80  . 
4-40  . 


DCDlftf  of  lolutiOD 
M 16°. 

1-1035 

1-0812 

1-0495 

1-0393 

10193 


The  solution  when  exposed  to  the  sir  sbeorba  carbonic  acid,  which,  as  well  as  other 
weak  adds,  abetracta  the  third  atom  of  base.  Chlorine,  bromine,  and  iodine  Ukeurise 
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act  upon  the  tliird  atom  of  soda  as  on  free  soda.  When  a neutral  ailTer-solution  is 
prrcipitat4Hl  by  triaodic  phosphate,  the  liquid  remains  neutraL 

Piu>sphato-Jiuitride  of  Sodium,  Na'PO*.NaF,  is  produced  by  fusing  toother  4 pts.  of 
disodic  pyrophosphate,  2||  pta.  sodic  carbonate,  and  1 pt.  fluor>spar,  ana  dieting  the 
fused  mass  with  warm  water ; also  by  digesting  pulverim  cryolite  for  seyeral  days  with 
a solution  of  ordinary  phosphate  of  s^um  and  caustic  soda,  and  learing  the  solution  to 
evaporate ; or  by  mixing  a solution  of  fluoride  of  sodium  with  ordinary  phosphate  and 
caustic  so^  Either  of  these  solutions,  after  concentration  over  the  water-bath, 
deposits  the  phospbato-fluoride  in  hard,  limpid,  regular  octahedrons  modified  with 
flices  of  the  cube  and  rhombic  dodecahedron.  It  hM  a specific  grarity  of  2”2165  at 
25*^,  dissolves  in  8 31  pts.  water  at  26^  (the  solution  having  a densi^  of  1*0329X  and 
in  1*74  pts.  water  at  70^  (specific  gravity  of  solution  ■■  1*091).  Ihe  solntion  when 
boiled  down  deposits  fluor^e  of  sodium  (Briegleb,  Ann.  Cb.  Fharm.  zcvii.  96; 
Jahresb.  1866,  p.  338). 

Na*0  ) 

Bodio-ammonio  OrihopkotpKaUf  Ka(NH^)HP0*.4H*0  or  (NH*)*0yPK)*.8H*0. 

H*0  I 

Photphorui-$aIt,  Microeo*mie  salt,  Sal  urinm  nativim  s.  fusibile, — This  salt  occurs 
abundantly  in  human  urine,  at  least  after  putrefaction,  and  may  be  prepared  there- 
from; it  is  found  also  mixed  with  the  carbonates  and  phosphates  of  caldnm  and 
magnesium  in  guano  fromlchaboe;  the  salt  from  this  sonree  is  called  stercorite 
byHerapath.  It  is  formed  on  mixing  disodic  orthophosphate  with  phosphate  of  ammo- 
nium or  other  ammoniacal  salt,  or  monosodie  orthophosphate  with  ammonia,  and  may 
be  easily  prepared  by  dissolving  6 pts.  of  ordinary  cryst^ised  disodic  ortbophosphat^ 
and  2 pts.  p^phate  of  ammonium  in  a small  quantity  of  hot  water,  and  crystallising, 
or  6 to  7 pts.  of  the  crystallised  sodium-salt  and  1 pt.  sal-ammoniac  in  2 pts.  of  boiling 
water ; the  s^o-amroonic  salt  then  crystallises  out  on  cooling,  while  chloride  <3 
sodium  remains  in  solution;  Na*HPO*  + NH*C1  — Na(NH*)HPO*  + NaCl.  It 
may  be  freed  from  chloride  of  sodium  by  reczystallisation  from  a small  quantity  of 
boiling  water  containing  a little  free  ammonia. 

The  crystals  are  monoclinic  prisms,  isomorphous  with  those  of  the  corresponding 
arsenate.  Axes  a:  bx  e ^ 0*34G9  : 1 : 0*3236.  Angle  of  inclined  axes  » 80^  42'  . 
cpP  ; ooP  (orthod.)  - 141®  16' ; -2Pco  : c » 60®  43*;  +2P»  : c - 63®  61'; 
+ 4Poq  : c » 41®  ^ ; oP  : odF  — 86®  66'.  Combination  odP  . oP  . [ oePoo  ] . — P . 
— 2Pco  . •¥  2Pco  • -f  4P«o . 

The  crystals  have  a spe^c  gravity  of  1 *664  (S  c h i f f),  and  a cooling  saline,  somewhat 
ammoniacal  taste;  they  dissolve  easUy  in  water,  thesolution  giving  ofiTpartofits  ammonia 
on  evaporation.  They  effloresce  on  the  surface  when  exposed  to  the  air,  and  at  a gentle 
hei^  give  off  their  water  and  a portion  of  their  ammonia.  At  a stronger  beat  the 
salt  melts  with  strong  intumescence,  ^vi^  off  all  its  water  and  ammonia,  and  leaving 
pure  metaphosphate  of  sodium,  which  in  the  fused  state  easily  dissolves  metallic 
oxides,  forming  di-  and  tri-metallic  phosphates,  possessing  in  many  cases  very  charac- 
teristic colours.  On  account  of  these  reactions,  the  salt  is  much  used  as  a flux  in 
blowpipe  experiments. 

Uelsmann  (Arcb.  Pharm.  [2]  xeix.  138;  Jahresb.  1869,  p.  76),  in  preparing 
sodio-ammonic  phosphate,  once  obtained  it  in  long  efflorescent  prisms  containing 
Na(NH*)HP0^.6H’0,  but  on  dissolving  them  in  water  containing  ammonia,  and  re- 
crystaUising,  ordinary  microcosmic  salt  with  4 at.  water  was  obtained. 

Sodio-diammonic  phosphate,  Ka(NH*)*PO*.4H*0,  separates  in  Ha«t>ng  white  pearly 
crystalline  laminae  on  adding  strong  ammonia  to  a cold  saturated  aoueous  solution  of 
microcosmic  salt.  On  exposure  to  the  air,  it  gives  off  ammonia  ana  is  converted  into 
ordinary  microcosmic  salt,  which  also  crystalli^  out  when  a solntion  of  the  diammonic 
salt  is  left  to  evaporate  spontaneonsly.  On  one  occasion  the  diammonic  salt  cry- 
stallised with  6 at.  water.  A solntion  of  the  diammonic  salt  in  hot  saturated  aqueous 
ammonia  yielded  less  lustrous  crystals  of  a salt  containing  (NH*)*PO^.Na(KH*)’X^*. 
6H*0.  (Uelsmann.) 

Sodio-barytic  Or(h(^hosphate,  NaBa‘TO^ — Prepared  by  igniting  1 at.  dibarytio 
orthophosphate  with  I aL  carbonate  of  sodium ; but  it  is  decompose  in  great  part  by 
washing  with  water,  the  residue  always  containing  a considerable  quantity  of  tribarytio 
phosphate.  (H.  Rose.) 

Sodiodithic  Orthophosphate,  (Li ; Na)*PO^. — ^This  double  salt,  which  contains 
variable  proportions  of  ^ium  and  lithium,  the  two  metals  replacing  one  another 
isomorphously,  is  obtained  by  mixing  a solution  of  ordinary  ^ospbate  of  sodium 
with  a Uthium-salt,  evaporating  to  dryness,  and  treating  the  residue  with  water,  the 
double  salt,  which  is  very  slightly  soluble,  then  remaining  behind.  It  forms  a white 
light  powder  like  phosphate  of  calcium  or  magnesium,  requiring  nearly  1400  pts.  of 
water  at  16®,  1233  pta.  at  60®,  and  960  pts.  at  100®,  to  ^ss^ve  it;  in  water  containing 
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phoepbato  of  sodium  it  is  almost  insoluble.  According  to  Rammelsberg,  this  salt 
gcncmlly  contains  from  9*9  to  16*3  per  cent,  lithium  (22  to  34  per  cent,  lithia) ; 
but  according  to  Fresenius  the  s^t  obtained  bj  evaporating  the  solution  of  a 
lithium-salt  with  phosphate  of  sodium,  adding  a quantity  of  so^  sufficient  to  keep 
the  liquid  alkaline,  and  digesting  the  residue  with  aqueous  ammonia,  is  pure  trililhic 
phosphate,  Li’l*0*,  containing  18  9 |wr  cent,  lithium.  (See  IjITUIUN,  iiL  728.) 

8(^io-inagnesic  NaMg^'PO*,  is  obtained,  mixed  with  a large  quantity  of 

trimagnesic  phosphate,  by  igniting  dimagnesic  phosphate  with  an  equivalent  quantity 
of  stKlie  carbonate  and  washing  out  the  soluble  suits  with  water. 

Sodio-manganoio-ferric  j}hosphaU^  (Na* ; Mn‘')■P0^Fe“P0^i^*0,  is  said  to  occur  as 
a clove-brown  mineral  at  Limoges.  (Handw.  d.  Chem.  vi.  374.) 

Sodio-potassic  orihophofphatf,  NaKHP0*.8H*0,  is  obtained  by  neutralising  a solution 
of  monoi^ic  orthophosphate  with  carbonate  of  potassium  or  the  monopolassicsalt  with 
carbonate  of  sodium,  and  evaporating.  It  then  separates  completely  in  monocUnic 
crystals,  in  which  o : 6 : c «»  0 8144  : I : 1*1056.  Angle  of  inclined  axes  « 83®  3^; 
ooP  : ocp  (orthod.)  101®  20';  ooP2  ! o»P2  (orthod.)  ••  62®  46;  + Poo  x c « 
44®  68;  oP  : odP  a=  85®  69'.  The  crystals  are  usually  tabular,  from  predominance 
of  oP,  but  exhibit  also  the  faces  ooP,  ®^Poo , [ oePoo  J , +P,  — P . +Poo.  The 
salt  is  easily  soluble  in  water,  gives  off  its  water  of  ctystallisation  when  moderately 
heated,  and  the  basic  water  on  ignition. 

y.  Pyrophosphates  of  The  disodic  or  acid  salt^  Na*H*P*0^,  is 

formed  by  heating  disodic  orthophosphate  with  strong  hydrochloric  acid  to  160® — 160®, 
or  by  exposing  monosodic  orthophosphate,  NaII*PU*.H’0,  to  a heat  of  about  200® ; 
also  by  dissolving  tctrasodic  pyrophosphate  in  acetic  acid  and  adding  alcohol,  where- 
upon it  separates  ns  a white  crysbiUine  powder.  Larger  cr^'stals  may  bo  obtained  by 
carefully  nonriug  alcohol  on  the  concentnited  aqueous  solution  of  the  salt,  so  that  the 
two  liquids  may  nut  mix,  and  leaving  the  whole  at  rest.  The  salt  is  easily  soluble  in 
water,  and  remains  on  evaporation  as  a friable  crust  (Sch warzenberg).  When 
heated  for  s<ime  time  to  220®,  it  loses  half  its  basic  hydrogen.  (Fleitmann  and 
llenneberg.) 

The  tetrasi.dic  or  neutral  pyro}ihosphate,  Na*P*O’.10lPO,  is  obtained  by  igniting 
disodic  orthophosphate,  and  may  be  ciystalHscd  by  solution  in  water  and  evaporation. 
The  crv'stals  are  mouoclinic  prisms,  permanent  in  the  air,  easily  soluble  in  water,  but 
h‘Ks  soluble  than  the  disodic  orthophosphate.  The  solution  has  an  alkaline  reaction,  and 
the  salt  contained  in  it  is  not  converted  into  orthophosphate  by  boiling /xr  sr,  even  for 
several  days,  but  the  (^inversion  takes  place  easily  on  addition  of  nitric,  hydrocliloric, 
or  even  acetic  acid.  The  ciprstallised  salt  gives  off  all  its  water  of  crystallisation  when 
gently  heated  in  the  air,  or  in  a vacuum  at  ordinary  temperatures,  but  the  dehydrated 
salt  when  exposed  to  the  air  gradually  takes  up  again  the  same  amount  of  water.  Tho 
dry  salt  melis  at  a high  temperature,  and  solidifies  on  cooling  to  a colourless,  opaque, 
vitreous  mass. 

Tetrasodic  pyrophosphate,  being  easily  prepared  in  considerable  quantitv,  is  much 
used  for  the  preparation  of  insoluble  pyrophosphates  and  soluble  double  pyropnosphates. 

St>dio-aluminic  pyrojihosphale. — The  f)n*cipitato  formed  by  sodic  pyrophosphate  in 
solutions  of  aluminium  dissolves  easily  in  excess  of  the  sodium-salt  (iMing  thereby 
distinguished  from  orthophosphate  of  aluminium),  and  the  solution  when  evaporated 
becomes  turbid  at  a certain  concentration,  depositing  part  of  the  aluminic  pyropbos- 
phate,  whilst  a salt  richer  in  alkali  remains  in  solution,  and  is  not  precipitat^  either 
by  ammonia  or  by  sulphide  of  ammonium. 

Sodio-ammonic  pyrophosphate,  Na*(NH*)*P*0'.6H*0,  is  obtained  by  evaporating  a 
solution  of  monosedie  pjTophosphato  saturated  with  ammonia  over  a mixture  of  sal- 
ammoniac  and  quicklime.  It  forms  white  monoclinic  prisms  easily  soluble  in  water; 
on  boiling  the  solution,  ammonia  is  given  off  and  oisodic  pyrophosphuto  remains. 
(Sch  warzenberg.) 

8odio~antimonic  pyropho^hair, — Monosodic  pyrophosphate,  boiled  with  recently 
precipitated  antimonious  oxide,  dissolves  a portion  of  it,  and  the  filtrate  jdelds  by 
evaporation  a cauliflower-Uko  mass,  which  is  a»*composed  by  water,  the  greater  part  of 
the  antimonious  oxide  then  remaining  undissolved. 

Sodio-auric  pyrophosphate,  2Na*P’0^Au*P•0*'.H•O. — Trichloride  of  gold  dissolves 
in  aqueous  sodic  pyrophosphate,  and  if  the  solution,  which  is  colourless  after  warming, 
be  evaporated  in  a vessel  in  wliich  it  is  protecte<l  from  light  and  dust,  chloride  of 
sodium  and  the  excess  of  sodic  pyrophosphate  separate  out,  and  the  double  salt  remains 
as  a syrupy  solution,  having,  according  to  Persoz,  the  above  composition.  The  solution 
bus  been  used  fur  galvanic  gilding. 

Sodio‘barytic  pyrophosphate,  Na*l''0^CBa’P•0’.6Il*0. — This  is  said  to  be  the  com- 
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position  of  n double  salt  produeed  as  an  amorphous  precipitate,  on  dropping  chloride 

S^um  into  a boiling  solution  of  sodic  pyrophosphate. 

Sodio-bumuth-vgrapJiotpkate. — Monosodic  pyrophosphate  dissolres  a rather  largo 
Quantity  of  bismuth^jiide.  Also  when  bismuth-nitrate  is  washed  with  excess  of 
wlution  of  sodic  pyrophosphate,  a soluble  double  salt  is  formed,  whose  solution  becomes 
turbid  when  heated,  but,  according  to  Persoz,  is  not  precipiUted  by  sulphide  of 

vyropha^XaU,  Na>Ca"P*0’.4H'0  (Baer).— This  salt  separates  when  a 
solution  of  chloride  of  calcium  is  dropt  into  excess  of  sodic  pyrophosphate. 

Sodin-ehromie  pyropiotpiatt.— Known  only  in  solution,  which  resembles  that  of  the 

predpitate  formed  by  sodic  pyrophosphate  in 
the  solution  of  a cobaltous  salt  dissolTos  in  excess  of  the  former ; the  solution  turns 
blue  when  heated,  and  the  cobalt  is  precipitated  by  sulphide  of  ammonium. 

Sodichcupric  pyropAospiatft. — When  a solution  of  sodic  pyrophosphate  is  boiled  with 
excess  of  recenfiy  precipitated  cupric  pyrophosphate,  the  hot  filtered  liquid  deposits  a 

white  crystalline  insoluble  crust,  consisting  after  drying  at  lOO”,  of  Na‘Cu‘P*O“.7H*0. 
The  supernatant  liquid  slowly  eTsporated  over  the  water-bath  yields  a faintly  bluish 
crystalline  crust,  also  insoluble  in  water,  and  consisting  of  3Na*Cu  'PK)’.2H*0  (at  100°). 
The  mother-liquor  decanted  therefrom  and  left  to  evaporate  spontaneously,  deposits 
first  the  excess  of  sodic  pyrophosphate,  then  splendid  blue  ciystals  of  the  salt 
Na*CuT*0'*.2HK)  (at  100°).  Each  of  ^ese  three  double  salts  melts  at  a red  heat 
fFleitmann  and  Hennebe«).  Persoz,  by  a method  not  exactly  described,  obtained 
the  double  salts  Na’Cn'PKl'.eH'O  and  Na*Cu”P'0'*.6IIH),  which  are  the  same  as  the 
second  and  third  of  those  above  described,  but  with  larger  quantities  of  water,  Persoz 
having  analysed  them  in  the  air-dried  state. 

Sodio-ferrie  pyrophotphate,  Nn‘Fe'P‘*0“.7H’0  or  2Ns*P’0'.Fe*P*0" : 7H*0,  sepa- 
rates in  the  pure  state  when  ferric  pyrophosphate,  afto  being  washed  with  a quantity 
of  sodic  pyrophosphate  not  sufficient  to  dissolve  it,  is  heat^  and  the  filtrate  mixed 
with  alcohol  (Fleitmann  and  Henneberg).  The  same  salt  is  obtained  in  solution 
when  pyrophosphate  of  sodium  is  added  to  a ferric  solution  till  the  precipitate  at  first 
formed  18  redisMlved.  The  double  salt  is  white  and  very  soluble  in  water.  The  solu- 
tion is  colourless,  and  does  not  taste  like  iron-salts  in  ^neraL  Ammonia  colours  it 
blood-red,  but  does  not  render  it  turbid ; sulphydric  acid  colours  it  brown  without 
forming  a'  precipitate ; sulphide  of  ammonium  precipitates  sulphide  of  iron  from  it  im- 
mediately according  to  H.  Rose,  gradually  according  to  Persoz.  The  solution  evapo- 
rated to  a syrap  soon  deposits  ferric  pyrophosphate. 

Sodio-ferrout  pyrophdphate  is  known  only  in  solution,  as  obtained  by  mixing  a 
ferrous  salt  with  excess  of  sodic  pyrophosphate.  It  oxidises  quickly  on  exposure  to 
the  air,  and  the  iron  is  completely  precipitated  from  it  hy  sulphide  of  ammonium. 

Sodio-magnaic  pyrophofpkate  is  an  amorphous  predpitate  formed  on  dropping  sul- 
phate of  m^esium  into  a boiling  solution  of  sodic  prophos^to.  (Baer.) 

Sodio-ammonio-manganous  pyrophotphate,  Na(NH*)Mn'P’0’.3H*0  according  to 


Otto,  Na*(NH‘)*Mn’PK)’'.12H*0  according  to  Berzelius,  is  formed,  on  pouring  a 
solution  of  manganous  chloride  mixed  with  ammonia  and  sal-ammoniac  into  a warm 
solution  of  sodic  pyrophosphate,  as  a white  amorphous  precipitate  which  soon  becomes 
crystalline.  When  somewhat  strongly  heated,  it  gives  off  all  its  ammonia  and  leaves 
a semifused  mass  having  an  add  reaction.  (Otto.) 

Sodio-^umbic  pyrophosphate,  Na’Pb’T*0’ — White  granular  insoluble  predpitate, 
formed  by  adding  sodic  pyrophosphate  to  nitrate  of  lead,  and  boiling  the  resulting  pre- 
dpitate with  excess  of  the  sodium-salt  (Oerhardt).  The  salt  formed  on  slowly 
adding  nitrate  of  lead  to  excess  of  sodic  pyrophosphate  till  the  predpitate  becomes  per- 
manent, also  contains  sodium  but  in  variable  quantity. 

Sodio-potassic  pvrop*o^*a<e,Na*K'P’0’.12H’0,  is  obtained  by  saturating monosodio 
pyrophosphate  with  potaasic  carbonate.  The  solution  ev^rat^  to  a syrap  solidifies 
on  cooling  to  a pasty  mass,  consisting  of  transparent,  slender  needles,  having  the  form 
of  an  oblique  rhombic  prism.  The  salt  dissolves  easily  in  water,  forming  an  alkaline 
solution.  (Schwarzenberg.) 

, ».  Respecting  Fleitmann  and  Henneberg’s  phosphates  of  sodium,  Na‘P‘0'*  or 
Na*PO'.3NaPO*  and  Na'*P“0*‘  = Na‘PO‘.9NaPO',  see  pp.  637,  538. 

Vhospluitoa  of  BtronUtim.  o.  JtfefapkospAofe.— The  salt  prepared  by  dis- 
solving earbonate  of  strontium  in  phosphoric  acid,  and  heating  the  evaporated  residue 
to  316°,  is  a white  powder,  insoluble  in  water  and  in  dilute  adds,  decomposed  by 
strong  sulphuric  add.  „ 

A Orthophosphates,— The  di-slrontic  salt,  Sr*H*P*0*,  obtamed  by  prempitation. 
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is  a white,  arnorphoas,  tasteless  powder,  insoluble  in  pure  water,  but  soluble  in  water 
containing  ammoniacal  salts  or  free  acids  ; not  decomposed  bj  aqueous  alkalis.  When 
heated  before  the  blowpipe  it  melts  to  a white  enamel,  exhibiting  phoephoreecence.  A 
solution  of  chloride  of  strontium  incompletely  precipitated  in  the  cold  with  an  alkaline 
phosphate  yields,  according  to  Kiihn,  a mixture  of  distrontic  and  monostrontic  salt. 

Strontio-potassic  orthophosphatr,  Sr'KPO*,  and  $troniiO’»odic  orikopMotpkate, 
Sr*Nal*0*,  are  formed,  according  to  Rose,  by  ignition  1 at  pyrophosphate  of  strontium 
with  1 at.  carbonate  of  potassium  or  sodium,  and  washing  out  the  mass  with  water;  but 
the  double  salts  are  for  the  most  part  decomposed  by  the  water,  the  residue  always 
containing  nentral  phosphate  of  strontium. 

y.  Pffropko9phatet  S"r*P*0’.H*0  (at  100®). — Obtained  by  precipitation  as  a white, 
amorphous  powder,  which  gradually  becomes  crystalline  when  warmed  in  the  liquid. 
It  is  nearly  insoluble  in  water,  quite  insoluble  in  acetic  acid,  but  easily  soluble  in  thu 
stronger  acids.  It  gives  off  its  water  when  heated  above  100^  (Schwarze  n berg). 
The  precipitate  formed  on  gradually  adding  nitrate  of  strontium  to  a boiling  solution 
of  sodic  pyrophosphate,  appears  to  bo  a mixture  of  the  pure  strontium-salt  with  a 
double  s^t.  (Baer.) 

Vtaosphato-taatallo  Aeld.  A solution  of  tantalic  acid  in  sulphuric  or  hydro- 
chloric acid  yields,  with  strong  aqueons  phosphoric  acid,  a white,  opaque  jelly.  Tsn- 
talic  oxide  heated  with  phosphoric  oxide  forms  a colourless  glass. 

Fliospl&ate  of  TeUniiiim  is  a white  powder,  insoluble  in  water.  (Berselius.) 

PHospbate  of  TtioUlum.  A hot  solution  of  nitrate  of  thallinm,  mixed  with 
excess  of  phosphoric  acid  and  then  with  ammonia,  forms  a crystalline  precipitate, 
probably  consisting  of  trithallic  phosphate^  Tl*PO*,  inasmuch  as,  when  boiled  with  nitrate 
of  silver,  it  yields  yellow  phosphate  of  silver,  without  rendering  the  solution  acid. 

1 pt.  of  this  salt  dissolves  in  201‘2  pts.  of  water  at  15®  and  in  149  pts.  at  100®.  It 
is  ■pariugly  soluble  in  acetic  acid,  but  dissolves  easily  in  nitric  acid.  When  heated  it 
melts  to  a brown  liquid,  which  becomes  orange-yellow  on  cooling,  and  finally  solidiflea 
to  a white  crystalline  mass  (Crookes,  Chem.  Soc.  J.  xvii.  135 ; Chem.  News,  ix.  37). 
Lam5  (Jahretb.  1862,  p.  186),  who  probablpr  obtained  an  acid  phosphate  of  thallium, 
states  that  it  is  soluble  in  water  and  crystallises  from  a dilute  solution. 

Pbospbate  of  Thorlnom.  Flocculent  precipitate,  formii^  a white  powder  when 
dry.  insoluble  in  water  and  in  phosphoric  acid,  melting  with  difficulty  before  the  blow- 
pipe. (Berzelius.) 

Pboapbatea  of  Tia.  Stannic  oxide  forms  with  excess  of  phosphoric  add  a salt 
containing  28nO*.PK)*.10H*O  (Haeffely,  Phil.  Ma^.  [4]  x.  290).  Stannic  phosphate 
is  insoluble  in  nitric  acid,  a property  on  which  u founded  Reynoso’s  method  of 
separating  phosphoric  acid  from  bases  (p.  544). 

Stannove  phosphate^  3SnO.P*0*  or  8n*PK)*,  according  to  Kuhn,  is  formed  on  mixing 
stannous  chloride  with  ordinal^  phosphate  of  sodium,  as  a white  predpitate,  insoluble 
in  water  after  diying,  but  easily  soluble  in  minerul  adds,  and  melting  to  a vitreous 
mass  before  the  blowpipe.  According  to  Lenssen  (Ann.  Ch.  Pharm.  cxir.  113; 
Jahresb.  1860,  p.  183),  the  composition  of  the  precipitate  varies  with  the  proportion 
in  which  the  solutions  are  mixed.  When  a solution  of  disodic  orthophosphate 
addulated  with  acetic  acid  is  added  to  a lai^o  excess  of  concentrated  solntioo  of 

stannous  chloride,  a precipitate  is  formed  containing,  when  air-dried,  Sn”P*0*.8nXl*. 
2H*0,  and  not  decomposed  by  hot  water ; but  when  the  phosphate  of  sodium  is  in 

excess,  the  air-dried  predpitate  contains  Sd*P^0*.S'd*H*P*O*.3H*O,  This  salt  remains 
unaltered  at  100®.  but  is  decomposed  at  a red  heat,  yielding  metallic  tin,  stanuio 
oxide,  and  phosphoric  add. 

Pbospbate  of  Tltaniazn.  Tetrachloride  of  titanium  forms  with  phosphoric 
acid  a white,  bulky,  flocculent  predpitate,  which  dries  up  to  a gummy  shining  mass, 
insoluble  in  water,  but  soluble  in  excess  either  of  phosphoric  add  or  of  titanic 
chloride. 

Pbospbates  of  t7ranlam«  a.  CTr an t c Or fAop A osp5afes.<^The  composition 
of  these  phosphates,  as  of  other  uranic  salts,  is  most  easily  represented  by  regarding 
them  as  containing  the  diatomic  radicle  nr  any],  U*0*.  (See  Urakium.) 

The  monourant/lic  aa/t,  (C*0’)"H^P’0*  3H*0,  is  obtained  W digesting  uranic  oxide 
with  phosphoric  add  and  boiling  the  mass  with  water.  The  yellow  liquid  thus 
obtained  yields,  by  evaporation  over  sulphuric  add,  lemon-yellow  crystals,  which  give 
off  part  of  their  water  at  a gentle  heat,  becoming  dull  and  light -yellow ; the  rest  of 
the  waU>r  goes  off  at  a red  beat,  and  the  remaining  dry  salt  does  not  melt  even  when 
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Tory  strongly  heated.  Water,  especially  if  hot,  abstracta  part  of  the  phosphorie 
acii 

The  di-urcntfHe  so/f,  (U*0’)*II*PK)*,  is  obtained  in  combination  with  Tarions 
quantities  of  water  according  to  the  mode  of  prepvation  adopted.  When  uranic  oxide 
is  digested  with  a sufficient  quantity  of  phosphoric  acid,  and  the  product  washed  with 
water,  a tri>hydrate,  (U’0’’)*H’P^0*.3H*0,  remains  as  a light  yellow  amorphous 
powder,  which  gives  off  its  water  of  crystallisation  between  120^  and  170^,  and  the 
basic  water  at  a red  heat,  leaving  the  pyrophosphate  (U*0*)*F*0*.  A hexhydrata, 
(U*0*)*H*P*0*.6H*0,  is  obtained  by  precipitating  uranic  nitrate  with  ordinary 
phosphate  of  sodium.  The  precipitate,  after  washing  and  drying,  is  a light  yellow 
slightly  crystalline  powder,  which  gives  off  its  water  of  crystallisation  at  120^,  the 
basic  water  at  a red  heat.  The  octohydrate,  (U*0*)*H*P*0*.8H*0,  is  obtained  by 
adding  phosphoric  acid  to  uranic  acetate  as  long  as  a precipitate  forms.  This  precipi- 
tate, when  washed,  is  crystalline,  and  somewhat  darker-coloured  than  the  tribjdrate. 
It  gives  off  2 at  water  at  60^,  and  then  exhibits  all  the  properties  of  the  hexhydrate. 

The  irt-uranyiic  $qU,  or  neutral  uranic  phoepkate^  3U*0".P*0*or  (TI*0*)*P*0*,  has 
not  been  obtained  in  the  pure  state.  The  light  yellow  precipitate  formed  on  mixing 
uranic  nitrate  with  an  equivalent  quantity  of  trisodic  phosphate  appears  to  consist  of 
6U*0".H*0.2P*0*  + aq.  or  (U*0*)>P»0*.(U*0»)ai»P^0V H*0.  When  a larger  quantity 
of  trisodic  phosphate  is  added,  but  not  sufficient  to  redissolve  the  precipitate,  a double 

salt  is  formed  containing  | 2P*0*.3H'0  or  (U*0*)T»0*.(UHJ«)*Na*P'0‘.3HK). 

This  salt  is  a dark  jellow  coherent  powder,  insoluble  in  water,  decomposed  b;  acetic 
acid,  which  dissolves  unt  soda  and  uranic  oxide.  (Werther,  Ann.  Ch.  Fharm. 
Ixviii.  312.) 

C«fcfo-«ra«foPifojpAote,^p^'|PK)*.8H«0  or  (tJ*0')*Ca'I»0*.8H‘0.— This  com- 

pound  occurs  native  as  urauite  (also  called  time  uranite  and  uranium  mica)  in  di- 
roetric  crystals,  having  the  principal  axis  =»  2*116  ; P:  P (terminal)  « 96^,  46'; 
P : P (basal)  » 143'^  2'.  Ordinary  combination,  oP  . P.  ooP,  the  face  oP  being 
mostly  predominant,  and  giving  the  crystals  a tabular  form.  Cleavage  perfect 
parallel  to  oP.  Hardness  » 2 to  2*6.  Specific  gravity  « 3*06  to  3*19.  Colour 
citron  to  sulphur-yellow.  Lustre  of  oP  pearly,  of  other  faces  subadamantioe.  Trans- 
parent to  Bubtraoslucent.  Fracture  not  ol^ervable.  Sectile.  Lamins  brittle  and 
Dot  flexible.  Before  the  blowpipe  it  melts  to  a blackish  semi-crystaUine  mass. 
Dissolves  with  yellow  colour  in  nitric  acid. 

The  first  of  the  following  analyses  is  of  nranite  from  Autun  by  Berzelius  (Pogg. 
Ann,  i.  374) ; the  second  by  Werther  {toe,  eii,). 

T»<y  U*0>  Ca"0  Ba"0  Mg"0  and  Mn"0  H*0  SnO* 

15*20  61*73  6*88  1*67  0*20  16*48  0*06  - 100*12 

14*00  63*28  6*86  1*03  . . 14*30  . . » 98*47 

The  formula  above  given  requires  15*55  P*0*,  62*56  U*0*,  6*13  Ca"0,  and  15*76 
water. 

Uranite  occurs  in  the  Siebongebirge ; at  Johangeorgenstadt  and  Eibenstock  in  Saxony; 
on  Wolf  Island,  Lake  Om>gs,  Kussia;  near  Limoges  and  at  St.  Symphurien  near 
Autun ; also  at  Chesterfield,  Massachusetts ; Ackworth,  Now  HampeUre ; and  on  the 
Schuykell  near  Philadelphia.  * 

Cuprico-uranic  Pho^phatf,  g’^!^|p*0*.8HK)or(C*0’)Kh>'PK)*.8H'0.— Thixcom- 

pound  occurs  native  as  chalcolite  (also  called  copper-uranite  and  turherite)^  a 
mineral  isomorphous  with  uranite.  Ilardness  ™ 2*25.  Specific  gravity  3*5  to  3*6. 
Colour  emerald  and  other  shades  of  green.  Streak  Mmewhat  paler.  The  other 
physical  properties  are  like  those  of  uranite.  B^'fore  the  blowpipe  it  melts  to  a black 
mass,  colouring  the  fiamo  bluish-green.  Gives  with  borax  a green  glass,  sometimes 
becoming  red£sh-brown  in  the  rcduction-flume.  Dissolves  in  nitric  add  with 
yellowish-green  colour. 

Analyses  of  chalcolite  from  Cornwall : 

p*o»  U’o*  Cu'o  n*o 

15*57  61*39  8*44  16  05  » 100*45  Berzelius. 

14*34  69  03  8*27  16*39  = 97*03  Werther. 

The  formula  requires  16*16  P*0*,  61*00  U*0*,  8*48  Cu'O,  and  15*36  water. 

Chalcolite  isfound  at  Gunnis  Lake  near  Callington,  also  near  Redruth,  and  elsewhere 
in  Cornwall;  at  Johangeorgenstadt,  Eibenstock,  and  Schneeberg  in  Saxony;  at 
Juacbimslhal  and  Zinnwuld  in  Bohemia ; and  at  Viclsalm  in  Belgium. 
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Debrav  (Jahresb.  1860,  p.  73)  has  obtained  crystals  haring  the  form  and  compo- 
sition of  chalcolite,  by  mixing  a solution  of  acid  cupric  phosphate  with  uranic  nitrate. 

0.  Uranous  Or(hophofphatf^\J"liPO*.lVO. — Ordinary  phosphate  of  sodium 
added  by  drops  to  uranous  chloride  forms  a green  gelatinous  precipitate,  insoluble  in 
water.  When  recently  precipitated  It  dissolves  in  strong  hydrochloric  acid,  and  is 
separated  therefrom  by  water;  after  drying  it  no  longer  dissolves  in  adds.  Ammonia 
hti.<<  scarcely  any  action  upon  it;  melting  potash  withdraws  almost  all  the  phosphoric 
oxide. 

y.  Uranic  Pyrophoiphate  iBsmiv]ar  when  recently  precipitated,  but  cakcvi 
together  if  left  on  the  filter  for  a few  days,  forming  a very  friable  mass  aith  concboiidal 
fr^ure. 

Sodio^uranic  Pyrophosphate. — Precipitated  uranic  pyrophosphate  dissolves  in 
excess  of  sodic  pyropnospnate,  forming  a yellow  solution,  which  yields  no  ciystals  even 
when  evaporated  to  a syrup ; the  uranium  is  not  precipitated  from  it  either  by  solphy- 
dric  acid  or  by  sulphide  of  ammonium. 

Pboapbates  of  Vaaadlom.  Vanadic  dioxide  dissolvers  in  aqueous  phosphoric 
acid,  forming  a blue  solution,  which  when  evaporated  at  temperatures  below  yields 
small  blue  deliquescent  crystals,  easily  soluble  in  water,  insoluble  in  alcohol  When 
lieattHl  they  give  off  water,  leaving  a loose  spongy  mass  resembling  burnt  alum,  and 
caking  together  at  a white  beat  to  a black  substance  no  lunger  soluble  in  wat<‘r. 

Phi»sphat(>-vanadic  acid. — Vanadic  anhydride  (trioxide)  dissolves  in  aqueous  phos- 
phoric acid,  forming  a red  solution,  which  when  evaporat^  leaves  a red  deliquescent 
saline  mass.  Vanadic  phosphate  heated  with  a sufilcient  quantity  of  nitric  acid  forms 
A red  solution,  which  deposits  on  evaporation  a lemon-yellow  cr}'8talline  crust,  soluble 
with  yellow  colour  in  water.  The  crystals  when  heated  give  off  water  and  turn 
light  yellow.  A solution  of  vanadic  phosphate  and  sodic  phosphate  in  nitric  acid 
becomes  colourless  when  cvaponiled,  and  deposits  yellow  crystalline  grains  which 
dissolve  slowly  in  water,  forming  a yellow  solution  which  dries  up  on  evaporation  to  a 
yellow  vamisb-Uke  mass. 

A compound  of  phosphoric,  vanadic,  and  silicic  anhydrides  containing,  according  to 
Berzelius,  3Si0*.2Va0l2l**0l6n*0,  was  obtained  from  the  rcfineiy’  slag  of  the  Taberg 
iron  works.  It  may  be  produced  by  dissolving  silicate,  vanadate,  and  phosphate  of 
sodium  in  nitric  acid,  evaporating  to  a pulp,  and  washing  with  cold  water.  It  then 
remains  in  nacreous  scales,  whicli  when  hcat*^!  give  off  water  and  acquire  a straw- 
yellow  colour.  It  is  easily  soluble  in  water,  whence  it  crystallises  unaltered  on  evapo- 
ration. The  solution  is  coloured  green  by  nitric  peroxide  and  other  reducing  agents, 
and  yields  with  carbonate  of  ammonium  a precipitate  of  gelatinous  silica. 

Pboapbate  of  Yttrium.  Y*I”0*.6H*0  = 3Y"0.F*0“.5H*0. — Bisodic  orthophos- 
phate added  to  the  solution  of  an  3rttrium-sult  throws  down  an  amorphous  pre- 
cipitate, which  by  prolonged  washing  with  water  is  resolved  into  a soluble  acid  salt, 
and  an  insoluble  neutral  salt  having  the  composition  just  given.  (Popp,  Jahresb. 
xvii.  20-t.) 

Tri-yttric  phosphate  likewise  occurs,  together  with  ccrous  phosphate,  as  xenoti  me, 
in  dimetric  ciystals  P . ooP,  having  the  principal  axis  = 0*6201  ; angle  P : P (termi- 
nal) — 124°  26' ; P : P (bu^)  «=  82°  30'.  Cleavage  perfect,  parallel  to  ooP.  Hard- 
ness oi  4 to  5.  Specific  gravity  4*39  to  4'55.  Lustre  resinous.  Colour  yellowish 
brown  to  flesh-red.  Streak  paler.  Opaque.  Fracture  uneven  and  splintery.  It  is 
infusible  before  the  blowpipe ; with  borax  it  slowly  forms  a clear  glass,  which,  with  a 
largtT  quantity  of  the  mineral  bi'comcs  turbid  on  cooling;  in  inicrocosmic  salt  it 
dissolves  very  slowly.  It  is  insoluble  even  in  strong  acids. 

AnaJt/scs. — a.  From  the  Flekkc^ord  in  Norway : specific  gravity  4*667  (Berzelius, 
Pogg.  Ann.  ill  203). — 6.  From  the  same  locality;  specific  gravity  4*46  (Zschaw, 
JtammcUhcry's  Minfralchcmie,  p.  321). — c.  From  the  gold-washings  at  Clarksville, 
Oeoigia : specific  gravity  =»  4*64  (Smith,  Sill  Am.  J.  xviii.  377) : 


a. 

F--0‘ 

33-49» 

Y'O 

62-68 

Ce"0 

Fe*0* 

3-93 

SiO> 

100 

b. 

30  74 

60-26 

7-98 

, , 

. . — 

98-97 

c. 

3246 

64-13 

ll-03t 

206 

0-89  = 

100-56 

Castdnaudite^  occurring  in  crystals  (apparently  dimetxic)  and  grains,  in  the  diamond 
sand  of  Babin,  consists  mainly  of  phosphate  of  yttrium.  Bamour  (Institut  xxl  78) 
found  in  a wimple  having  a sjiecific  gravity  of  4*39,  31*64  per  cent  P^O*,  60*40  yttria, 
7*4  titanic  oxide  and  zirconia,  1*2  uranic  and  ferric  oxides. 

* troc«  oi  fluorine.  f With  Isothsnuis  and  dJdjrmiuiB. 
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Ptaospbates  of  Zlao.  a.  3/tf/a/>Ao«pAa/««.*~'Wlien  a zinc-salt  is  treated  with 
phosphoric  acid  in  the  same  manner  as  for  the  preparation  of  cupric  di-metaphosphate 
(p.  660),  the  »"****  on  slow  cooling  yields  indistinct  ciTStaU  of  anc-dimetaphosphate, 

Zn*PH!)’*.  It  is  insolnhle  in  water,  and  is  not  decomposed  hy  dilute  aqueous  acids  or 
alkalis,  or  by  sulphide  of  ammonium.  When  treated  with  strong  sulpborie'  acid  or 
fused  with  an  alkaline  carbonate,  it  yields  orthophosphoric  acid. 

A mixture  of  ^ueous  zinocUlorido  and  ammonium-dimetaphosphate  yields  the 
hydrated  salt  Zn*^0'*.8H’0  in  small  transparent  crysOils,  iiu^oluble  in  water,  but 
decomposed  by  boiling  therewith.  The  water  of  crystallisation  U not  completely 
expelled  below  a red  heat,  and  the  salt  does  nut  melt  even  at  a bright  red  heat.  Tbo 
constitution  of  the  salt  does  not  appear  to  be  altered  by  heating.  (F  leitmann.) 

0.  Orthophosphatea. — The  mom^incic  ot acid phoaphaie  is  formed  by  dissolring 
zinc,  or  the  carlx>nate  or  phosphate  of  zinc  in  excess  of  phosphoric  acid  and  evaporating. 
It  is  a gummy  mass  which  melts  in  the  fire  to  a transparent  glass.  When  a small 
quantity  of  tdkali  is  added  to  its  aqueous  solution,  tho  neutral  salt  is  deposited. 
(Wenzel.) 

The  dizincic  salt,  | P’0^2II*0  or  Zn®IIT*0“.2n*0,  is  deposited  in  shining 

laminm  on  mixing  a solution  of  3 pts.  of  zinc-sulphate  in  32  pts.  of  hot  water,  with  a 
solution  of  4 pts.  of  crystallised  disodic  orthophosphate  in  32  pts.  of  hot  water.  The 
crystiils  do  not  lose  water  at  100®;  but  at  a temperature  below  the  melting  point  of  tin 
they  ^ve  off  2 at.  water,  retaining  their  lustre ; at  a red  beat  the  debydrat^  salt  fuses 
ana  gives  off  its  basic  water.  (Graham.)  „ 

The  irizincic  or  neutral  salt,  3Zn0.P*O*.2H*0  or  Zn*P*0".2H*0,  i.s  precipitated  on 
mixing  a solution  of  a zinc-salt  with  disodic  orthophosphate,  the  supernatant  liquid 
be(H)ming  acid.  When  the  solutions  are  diluto  and  mixed  in  the  cold,  a translucent 
jelly  is  at  first  produced;  this,  however,  soon  becomes  opaque,  and  aggregates  into  a 
fine  white  crystalline  powder.  If  the  solutions  are  imx^  boiling  b^ot,  no  jelly  is 
produced,  but  the  pulverulent  precipitate  id  formed  at  once  and  has  Uio  same  composi- 
tion. The  same  compound  is  doubtless  formed  on  digesting  carbonate  of  zinc  with 
aoneous  phosphoric  acid  not  in  excess.  It  is  a white,  crystalline,  tasteless  powder 
which  melts  easily,  forming  a transparent  and  colourless  glass.  It  is  insoluble  in 
water,  soluble  in  acids,  likewise  in  ammonia  and  in  carbonate,  sulphate,  chloride  and 
nitrate  of  ammonium — in  tho  last  three,  however,  with  slight  turbidity. 

Tho  same  salt  with  6 at.  water  separates  in  largo  flat  prisms  and  laminm  when  a 
solution  of  tho  acid  zinc-salt  is  mixed  with  absolute  alcohoL  (Reynoso.) 

Phosphate  of  Zinc  and  Ammonium. — When  a solution  of  sulphate  or  chloride  of  zinc 
is  precipitated  with  phosphate  of  ammonium  containing  free  ammonia,  a white,  bulky, 
flocculcnt  precipitate  is  formed  which,  when  dicosted  in  the  liquid,  becomes  oiystalHno 
after  the  free  ammonia  has  escape<L  Tho  dry  salt  is  a white  powder,  insoluble  in 
water,  but  soluble  in  acids  and  in  free  potash,  soda,  or  ammonia.  Its  composition 
appears  to  be  intermediate  between  Zn*(NIl*)*P*0*.2H*0  and  Zn*(NH*)*P*0*.Zn'H*0*. 
2H*0.  (Bette,  Ann.  Ch.  Pharm.  xv.  129.) 

y.  Pyrophos^^hate  of  Zinc  is  formed  by  precipitating  a zinc-salt  with  pyro- 
phosphate of  sodium.  The  precipitate  is  decomposed  by  boiling  with  ordinary  phos- 
phate of  sodium,  yielding  ordinary  orthophosphate  of  zinc  and  pyrophosphate  of 
sodium  (Stromeyer).  The  salt  precipitated  as  above  forms  a white  bulky  mass, 
which  in  drying  shrinks  up  like  hydrate  of  aluminium.  If  it  be  suspended  in  water, 
and  salpburous  acid  gas  passed  througli  the  liquid,  the  whole  dissolves,  and  tho  solu- 
tion, when  boiled,  yields  the  salt  in  the  form  of  a heavy,  white,  beautifhliy  crystalline 
powder  consisting  of  2Zn*P‘0’.3HK).  Both  the  amorphous  and  the  crystalline  salt 
dissolve  in  acids  and  in  caustic  potash ; ammonia  likewise  dissolves  the  salt,  and 
alcohol  added  to  the  solution  throws  down  u syrupy  mass.  (Sch warzenberg.) 

Zinco~amm<mic  pyrophosphate  is  obtained  as  a white  pulverulent  precipitate,  on 
adding  pyrophosphate  of  sow'um  to  a solution  of  zinc-chloride  mixed  with  ammonia  and 
sal-ammoniac.  (Bette.) 

rtioapbate  of  Xiroonlum,  3Zr0*J”0*  or  (Zr"0)’P*0",  is  predpitated  on  mixing 
a soluble  zirconium-salt  with  free  phosphoric  acid  or  an  alkaline  phosphate ; in  the 
former  case  part  of  the  salt  remains  in  solution,  but  may  be  precipitated  on  addition  of 
ammonia.  The  precipitate  is  a gummy,  translucent  mass,  like  hydrate  of  aluminium, 
remaining  translucent  when  dry.  It  is  insoluble  in  water,  somewhat  soluble  in  free 
phosphoric  acid. 
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Alcoholic  Phoiphatet ! Pho$phorio  Ether§, 

Each  of  the  three  hydrogen^atoma  in  orthophosphoric  acid  may  be  replaced  by  alco* 
hoi  mdicles,  giving  rise  to  acid  and  neutral  ethere  analogous  to  the  metallic  phosphates. 
There  are  alao  several  sulphophosphoric  ethers,  having  the  composition  of  orthopboS' 
phoric  ethers,  in  which  the  oxygen  is  more  or  less  replaced  by  sulphor.  A neutral 
pyrophosphate  of  ethyl  is  also  knoa'n,  but  no  metaphosphoric  ethers  have  ^et  been 
obtained.  In  connection  with  these  alcoholic  phosphates  may  also  be  mentioned  an 
acid  consisting  of  phosphoric  acid  in  which  the  hydrogen  is  partly  replaced  by 
acetyl. 

Phospbntea  of  Ampl  or  Ampl-plioopliorle  3Btben«  Two  of  these  oom> 
pounds  are  known,  via.  mono-  and  di-amylpbospboric  acid ; the  nentml  ether  has 
not  been  obtained. 

(PO-)) 

1.  Amylphoaphoric  acid,  - (C*H“)H*PO«  - 

H»  j 

(Guthrie,  Chem.  Soe.  Qu.  J.  ix.  134.) — This  ether  is  prepared  by  mixing  equal 
weights  of  syrupy  phosphoric  acid  and  amylic  alcoho^  leaving  the  mixture  in  a warm 
place  for  a day,  neutralising  with  carbonate  of  potassium,  evaporating  over  the  waters 
bath  to  diyness,  dissolving  in  strong  alcohol,  and  evaporating  repeatedly  (whereby  the 
potassium-salt  is  obtained),  then  predpitatii^  by  acetate  of  lead,  filtering  and  washing 
(whereby  the  lead-salt  is  obtained),  precipitating  the  lead  by  sulpbyuic  add,  then 
filtering,  and  evaporating  in  vacuo. 

It  is  a colourless,  transparent,  crystalline,  deliquescent  mass,  easily  soluble  in  water 
and  in  alcohol,  but  insoluble  in  ether.  It  bean  the  heat  of  s water-bath  withont  de- 
composition. When  heated  in  the  flame  of  a lamp  it  bums  with  a white  flame, 
leaving  a residue  of  phosphoric  acid.  It  is  a strong  acid,  and  decomposes  carbonates. 

The  amylphosphates,  C*H”M*PO',  are  all  anhydrous  at  100®:  those  of  the 
alkali-meuLi  are  soluble  in  water ; the  rest  are  insoluble  or  sparingly  soluble,  and  may 
be  prepared  from  the  potassium-salt  by  double  decomposition.  They  all  dissolve 
readily  in  nitric  or  byd^hloric  acid,  and  bear  the  heat  of  the  water-bath  without 
decomposition. 

potoMium-aaft,  prepared  as  above,  is  tenacious,  finely  crystalline, 

transluc«‘nt,  and  deliquescent ; yields  amyl-alcohol  when  heated  in  a tnbe.  A eolation 
of  this  salt  subjected  to  electrolysis  yields  at  the  positive  pole,  carbonic  anhydride  and 
oxygf>n,  and  an  acid  liquid  smelling  of  valeric  or  butyric  acid,  while  the  liquid  at  the 
negative  pole  gives  off  hydrogen,  but  remains  odourless,  showing  thst  no  amyl- 
compound  is  there  eliminated. 

Tne  ammonium-aalt,  C*H'*(NH*)*PO*,  obtained  by  direct  neutralisation,  or  de- 
composing the  copper-  or  lead-salt  with  sulphide  of  ammonium,  resembles  the 
potaraium-salt 

The  barium-aoH,  CH"Ba'T0^  is  precipitated  in  white  scales  having  a silky 
lustre. 

The  Uad-aalt,  C*H^'Pb'TO*,  dried  at  100®,  is  a bulky  white  anhydrous  powder. 

The  <u*pper~aaU^  0*H"Cu"P0*,  is  almost  white  when  first  precipitated,  butgradoally 
turns  bluish,  and  in  the  dry  state  forms  a light  blue  amorphous  powder. 

The  ailver-aalt,  C*H*'Ag*PO\  is  a white  bulky  precipitate,  which  turns  grey  on  ex- 
posure to  light,  and  is  decomposed  by  long  boiling  with  water,  yielding  metallic  silver. 

When  heated  on  platinum-foil,  it  turns  yellow  and  leaves  pyrophosphate  of  silver. 

(POr  ) 

2.  Diamyl-phoaphorio  acid,  C‘*H«PO<  - (C*H*‘)*HPO*  - (C*H")*yO». 

H } 

(Fehling,  Handw.  d.  Chem.  i.  793.)— This  compound  is  prepared  by  adding  1 pt. 
pcntachloride  of  phosphorus  veiy  ^dually  to  or  2 pts.  of  amylic  alcohol,  rise 
of  temperature  being  checked.  The  product  is  heated  in  a retort  to  expel  the 
simultaneously  formed  chloride  of  amyl  and  hydrochloric  acid,  then  thrown  into  water 
saturated  with  carbonate  of  sodium,  and  shaken  with  ether;  the  ethereal  solution  of 
amylic  alcohol  is  removed,  and  the  diamyl-phosphoric  acid  isolated  by  adding  hydro- 
chloric acid.  The  acid  so  formed  contains  two  additional  atoms  of  water,  which  are 
removed  by  drying  over  sulphuric  acid  in  vacuo. 

Dismylphosphoric  acid  is  an  oily  liquid  of  specific  gravitv  1‘026  at  20®,  but  floating 
in  'hot  water.  It  is  nearly  inodorous,  but  has  a strong  acid  taste.  It  is  nearly  inso- 
luble in  water,  but  dis.<H>lves  easily  in  alcohol  and  ether.  It  is  permanent  at  oHinary 
temfjeratures,  but  decon)p08es  when  distilled,  yielding  amylic  alcohoL  When  boiled 
with  water  it  also  yields  amylic  alcohol,  and  the  residual  liquid  probably  oontaina 
niouo-amyl  phosphoric  acid. 
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Diamylphoephoric  add  u a ntrong  acid,  and  aatnmtcs  baaca  completely.  Tho 
diamylphoaphatea.  (C*H")*MPO^  and  (C^H“)*M“P*0*,  are  all  anhydrous,  and  are 
discomposed  by  boiling  with  water,  giving  off  amybalcobol.  and  apparently  being  con- 
verted into  mono-amylphospbates.  The  di-amylphospbates  of  the  alkali-metals  are 
very  soluble  in  water,  and  remain  as  uncrystallisable  unctuoua  masses  when  their 
solutions  are  evaporated  ; those  of  the  alkaline  eartb-metals  are  but  slightly  soluble  in 
water,  more  soluble  in  alcohol.  The  aqueous  solutions  give  precipitates  with  plumbic, 
cupric,  manganous,  mercurous  salts,  dec.  The  following  salts  have  been  examined  by 
Harx  and  Lemppenau. 

The  barium-*a/t,  (C*H*'yBa"P*0*,  obtained  by  digesting  the  aqueous  acid  with 
carbonate  of  barium,  and  evaporating  in  vacuo  or  at  a gentle  heat,  forms  silky,  asbestos- 
like  masses  of  cn'stals.-~-Tbe  calciumsalt,  prepared  in  like  manner,  is  also  crystalline. 

< — The  copper-saJi  is  a greenish-blue  predpitate,  soft  and  unctnous  when  dried. — The 
ferric  $eut,  (C*H“)*Fe'"P*0**.  obtained  by  precipitation,  is  a whitish  powder,  insoluble 
in  water  and  in  alcohol— The  Uad-salt^  (C*Ii”)*Pb''I”0*,  obtained  by  precipitating 
the  ammonium-salt  with  acetate  of  lead,  is  a loosely  coherent,  curdy  precipitate, 
insoluble  in  water  and  in  alcohol.  By  precipitating  with  excess  of  lead-acetate,  a dense 
pulverulent  precipitate  is  formed  consisting  of  a basic  salt,  (C*H‘')‘Pb‘'P*0*.Pb"H*0*. 
— The  mercurous  $alt  obtained  by  precipitation  appears  to  decompose  in  diying,  and 
then  forms  a grey  powder. 

Ethylic  diamylpkotphate^  (C*H*)(C*H‘*)*PO*,  appears  to  be  formed — 1.  By  heating  a 
solution  of  diamylphosphoric  acid  in  3 or  4 pts.  alcohol  of  95  per  cent,  in  a sealed  tube 
to  180^:  on  treating  the  contents  of  the  tube  with  aqueous  carbonate  of  sodium,  a 
mobile  liquid  separates,  having  an  ethereal  odour. — 2.  By  heating  diamylpbosphate  of 
silver  with  iodide  of  ethyl  to  100^. 

Triamylie  Phosphate  or  Neutral  Phosphate  of  ^ my/,  (C*II")*PO^  has 
not  been  obtained  pure,  but  appears  to  be  formed  by  heating  diargentic  amylphosphato 
with  chloride  of  amyl  to  180^  in  a sealed  tube : 

C*H“Ag»PO‘  + 2C‘H>'C1  - 2AgCl  + (C*H")»PO*. 

On  treating  the  product  with  alcohol  and  mixing  the  decanted  solution  with  water,  an 
ethereal  liquid  separates,  having  an  odour  quite  different  from  that  of  amylic  alcohol. 
(G  uthrie.) 

Btbyllo  Fliospbataa.  SthylplUMptioiio  Stbera.  Four  of  these  compounds 
are  known,  namely,  the  three  ortbophcMiphatM  of  ethyl  and  the  neutral  pyrophoephate ; 
also  several  sulphophosphates. 

Ethtlphospbobio  Acin,  also  called  Pho^hethylic  or  Phosphovinio  acid, 

(porj 

C*HTO*  » (C*H*)H*PO*  — C*H*  >0*. — ^This  compound  was  discovered  byLas- 
H*  } 

saigne  in  1820  (Ann.  Ch.  Phya  [2]  xiil  294\  and  has  been  fhrther  examined  by 
Pelonae  {ibid.,  lii.  37),  Liebig  (Ann.  Ch.  Fharm.  vi.  149),  and  Church  (Proe. 
Boy.  Soc.  xiii.  520).  It  is  produced  by  the  action  of  phosphoric  acid  on  alcohol  or 
ether,  the  latter  ruction  being  however  slower  than  the  former;  also  by  the  action  of 
phosphoric  oxychloride  on  aqueous  alcohol.  (Schiff.) 

Preparation. — 1 pt  of  96  per  cent,  alcohol  is  mixed  with  1 pt.  of  syrupy  orthophos- 

S boric  or  pyrophosphoric  acid,  the  mixture  heated  for  some  minutes  to  60®  or  80®. 

iluted  after  24  hours  with  eight  times  its  bulk  of  water,  and  neutralised  with  finely 
pnlverised  carbonate  of  barium.  The  whole  is  boiled  for  a while  to  drive  off  the  uncom- 
nined  alcohol,  then  left  to  cool  down  to  70®.  filtered,  and  the  filtrate  left  in  a cold 
place  that  the  ethylpbosphate  of  barium  may  crystallise  out  From  the  ac^ueous  solu- 
tion of  this  salt  the  acid  may  be  obtained  by  carefully  adding  sulphuric  acid  and 
filtering;  it  may  also  be  obtained  by  decomposing  the  lead-salt  with  sulphydric  acid  and 
filtering.  Either  of  these  filtrates  evaporated,  first  over  the  open  fire,  and  then  over 
oil  of  vitriol  in  vacuo  at  ordinaiy  temperatures,  leaves  the  concentrated  acid  in  the  form 
of  an  oil.  which  neither  dries  up  nor  decomposes  when  left  for  a longer  time  in  vacuo. 
(Pelouse.) 

The  concentrated  acid  is  s colourless,  inodorous,  viscid  oil,  which  reddens  litmus 
strongly,  and  has  a biting  sour  taste.  It  deposits  a few  shining  crystals  of  the  acid, 
which,  however,  do  not  increase  at  22®.  When  boiled,  it  first  gives  off  ether  mixed  wit  h 
alcohol,  then  ethylene  gas  with  a trace  of  wine-oil,  and  leaves  phosphoric  acid  mixed 
with  charcoal  (Pelouxe).  When  distilled  with  acetate  of  potassium,  it  yields  pure 
acetic  ether.  (Liebig,  Ann.  Ch.  Phann.  xiii.  32.) 

The  acid  mixes  with  water  in  all  proportions,  and  may  be  concentrated  by  boiling  up 
to  a certain  point  without  decomposition  (Pelouse).  It  likewise  mixes  in  all  propor- 
tions with  alcohol  and  ether. 
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EthylphoBphates,  C’H'M’PO*. — These  Balts  are  all  more  or  less  soluble  is  wat^ 
and  cryetalliBable.  The  lead-salt  is  the  least  soluble.  Host  of  them  haye  a maximnm 
degree  of  solubility  at  about  40 — 60®. 

The  amiTumium^salt  is  easily  prepared  by  saturating  the  acid  with  ammonia.  The 
aqueous  solution  becomes  acid  on  evaporation,  but  the  salt  may  be  obtained  in  a semi- 
crystalline  form  by  evaporation  in  vacuo  over  oil  of  vitrioL  M^en  carefully  heated  in 
an  oil-bath  it  g^vos  off  ammonia  as  well  as  water,  but  appears  to  yield  ethylphospha- 
mic  acid,  among  other  producta  ^ 

Arteniout  ethylphotpfuitfy  (C*H‘)*As*P*0‘*,  is  obtained  in  beautiful  feathery  crys- 
tals by  dissolving  arsenious  anhydride  in  the  boiling  aqueous  acid  and  evaporating  ; 
also  by  warming  a mixture  of  arsenious  chloride  and  an  equivalent  quantity  of  anhy- 
drous etbylpbosphate  of  lead  (or  silrerX  exhausting  the  mass  with  warm  waUr,  and 
evaporating  the  filtrate.  This  latter  method,  however,  is  not  so  good  as  the  former, 
as  toe  salt  is  slowly  decomposed  by  water  into  arsenious  anhydride  and  ethylphosphorie 
acid.  (Church.) 

Elh^pho*phaU  of  Barium,  (C*H*)Ba'T0V6H*0,  prepared  as  above,  forms  colourless, 
very  short,  right  rhombic  prisms,  passing  into  six-sided  tables  by  truncation  of  the 
acute  later^  edges.  It  tastes  agreeably  saline  and  bitter,  effloresces  very  slowly  in  the 
air,  gives  off  its  water  of  crystallisation  at  120®,  acquiring  at  the  same  time  a pearly 
bistre.  The  ciystals  of  the  bexhydrated  salt  immersed  in  a boiling  saturated  solutiou 
immediately  assume  a pearly  aspect,  and  are  found  after  drying  in  vacuo  to  be 
converted  into  the  roonohydrato,  (C*H*)Ba'*P0MI‘0.  On  the  other  hand,  this  mono- 
hydrate,  or  the  anhydrous  salt,  when  treated  with  cold  water,  is  immediately  recon- 
verted into  the  hexhydrate.  A saturated  solution  of  the  ordinary  salt  evaporated  at 
— GO®  deposits  pearly  plates  of  a hydrate  intermediate  between  the  mono*  and 
hoxhydmtes,  vir.  (Church.) 

The  anhydrous  salt  heated  to  dull  redness  gives  off  water  and  carburetted  hydrogen 
with  traces  of  alcohol  and  ether,  and  leaves  dibaip'tic  pyrophosphate  mixed  with  char- 
coaL  The  principal  decomposition  is  represented  by  ^e  equation : 

2C>H*Ba"0*  - Ba*P>0'  + 2C*H<  -»•  H*0. 

If  the  dry  salt  be  mixed,  before  ignition,  with  carbonate  of  potassium,  it  likewise  yields 
no  alcohol,  but  the  same  volatile  products  as  when  heated  alone  (Pelouze).  From 
the  cold  aqueous  solution  mixed  with  nitric  acid,  alcohol  throws  down  nitrate  of 
barium,  leaving  ethylphosphorie  acid  in  solution. 

The  salt  is  most  soluble  in  water  at  40®,  and  the  solution  saturated  at  that  tempera- 
ture deposits  crystals  of  the  6-hydrated  salt,  both  when  heated  and  when  cooled ; 1 pt. 
of  the  (Wxhydiited?)  salt  dissolves  in  29  4 pts,  water  at  0®,  in  30  3 pts.  at  6®,  in  14*9 
pts.  at  20®,  in  10*7  pts.  at  40®,  in  12*5  pts.  at  60®,  in  11*2  pts.  at  65®,  in  12*4  pts.  at 
60®,  in  22'3  pts.  at  80®,  and  367  pts.  at  100®.  The  salt  is  insoluble  in  alcohol  and 
ether,  and  is  precipitate  by  those  liquids  fh)m  its  aqueous  solution. 

The  aqueous  solution  precipitates  the  salts  of  lead,  mercury,  and  silver,  but  not  those 
of  iron,  nickel,  copper,  gold,  or  platinum. 

The  calcium-Mlt  forms  micaceous  scales  slightly  soluble  in  pure  water. 

Ferric  etht/lphosphafe,  (C*Il‘)*Fe*P*0**.6n’0,  is  obtained  by  precipitating  a hot 
solution  of  the  silver-salt,  with  an  equivalent  quantity  of  ferric  chloride  also  dissolved 
in  hot  water,  and  separates  in  straw-yellow  films  from  the  filtrate  when  heated  to  tho 
boiling-  point.  (Church.) 

By  precipitating  mixtures  of  ferric  and  nluminic  chlorides  in  various  proportions 
with  ethylphosphate  of  silver,  or  beating  mixed  solutions  of  ferric  and  aluminic 
ethylphospnates  to  the  boiling-point,  or  adding  absolute  alcohol  to  them  till  only 
a 18  precipitated,  Chur^  has  obtained  ferrico-aluminic  ethylphotphaUs 

containing  respectively  (C’:ff*)*Fe*Al"P‘0«.6H-0,  (C*H*)*Fe»Al*PH)«.6H*0,  and 
(C’H»/Fe'"Al>P‘0«.6H*0. 

h.  jeTTom~ferric  (C'H*)‘Fo*Fe*P^*V6H*0,  is  obtained  br  precipi- 

tating the  barium-salt  with  a solution  of  mixed  ferrous  and  ferric  sulpnates,  and 
adding  alcohol  to  the  filtrate. 

The  Uad’Salt,  (C*H*)Pb"PO^.H*0,  obtained  by  precipitating  a solution  of  the 
barium-salt  nearly  saturated  at  70®  with  acetate  of  lead,  is  almost  insoluble  in  cold 
water,  but  slightly  soluble  in  hot  water,  from  which  it  may  be  crystallised.  It  may  be 
obtained  anhydrous  by  heating  it  to  130® — 160®.  (Church.) 

A mercuroH*  salt,  apparently  containing  (C’H*)Hg*PO*.2H*0,  is  obtained  by 
precipitation  from  moderately  concentrated  solutions  in  pearly  plates.  It  dissolves 
slightly  and  with  partial  decomposition  in  cold  water,  but  is  insoluble  in  alcohol 
(Church.) 
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Th^  f>otaM»ium-  and  to^Uuft^alU,  obtained  br  precipitating  the  banum-Balt  ^ith  the 
convtipouding  sulphates,  are  deliquescent  and  uiMcult  to  crystallise. 

The  sUwT-sait^  (C*H*)Ag*P0*.H*0,  is  (^stalline  and  sparingly  soluble. 

The  strf>ntium-scUt  crystallisee  wiUi  difficulty  in  hydrated  crystals,  is  much  less 
soluble  in  hot  than  in  cold  water,  and  is  precipitated  &>m  the  cold  aqueous  solution 
by  alcohoL 

The  uranic  mU,  is  obtained  by  dissolving  uranic  oxide  in 

cthylpbosphoric  acid,  and  evaporating  the  filtered  sulntion  in  pale  yellow  flocks,  which 
dry  up  to  amorphous,  brittle,  lemon^yellow  masses.  It  is  loss  soluble  in  boding  water 
than  in  water  at  60®  or  70®. 

Eihylphoaphate  of  Tetretkylamnumiwn^  (C*H*XC*H*N)*PO\  is  obtained  by  precipi- 
tating a hot  solution  of  the  silver-salt  with  iodide  of  tetrethylammonium,  and  evapo- 
rating the  filtrate,  first  at  100®,  then  over  sulphuric  acid  in  vacuo.  It  forms  a confused 
mass  of  ciTStals,  which  lose  their  transparency  on  drying,  are  extremely  soluble  in  cold 
water,  and  deliquescent.  It  begins  to  decompose  at  100®,  and  is  completely  resolved 
at  higher  temperatures  into  trietbylamine  and  triethylic  phosphate : 

(C’H»)[(C*H»)*N]*PO<  - 2(C"H»)>N  + (C*H»)*PO*. 

Ethtl-sulphophosphoric  acid,C*HTSO’  C*H*.H*.PSO*. — This  acid,  dis- 
covered by  Cloez  (Compt.  rend.  xxiv.  388),  is  known  only  in  aqueous  solution,  and  in 
its  salts.  The  potatiium-  and  sodixtan'MlU  are  easily  obtained  by  agitating  sulpho 
chloride  of  phosphorus  with  alcoholic  potash  or  soda : 

C'H'O  + 6KHO  + PSCP  - C^H*K*PSO*  + 3Ka  + 3H*0. 


They  dissolve  readily  in  water  and  in  alcohol. 

The  barium-,  strontium-,  and  calcium-eaits,  obtained  by  saturating  the  aqueous  acid 
with  the  corresponding  carbonates,  are  ciystallisable.  The  formula  of  the  barium-salt 
is  C^H^BaTSO*. 


Dibthtl-phosphobic  acid,  C*H"P0* 


(C'n»)*HPO« 


(poy-  f 

H ) 


(Vogel  i,  Ann.  Ch.  Pbarm.  Ixix.  180.) — This  acid  is  formed,  together  with  the  preced- 
ing, when  absolute  alcohol  or  ether,  in  the  liquid  or  gaseous  state,  is  brought  in 
contact  ^ith  phosphoric  anhydride.  The  absorption  of  the  vapour  ofiTords  the  best 
mode  of  preparation,  bocaitse  when  phosphoric  anhydride  is  introduced  into  liquid 
alcohol  or  ether,  great  beat  is  evolved,  and  the  phosphoric  anhydride  forms  into  lumps, 
which  are  very  slowly  acted  upon. 

Preparation. — Phosphoric  anhydride  is  placed  over  anhydrous  ether  or  alcohol  (the 
latter  yields  the  best  product),  and  the  whole  w coven-d  with  a bell-jar  to  keep  out  the 
moisture  of  the  air.  The  anhydride  then  absorbs  the  vapour,  and  in  a week  or  a fort- 
night deliquesces  to  a syrup.  This  syrup  is  saturated  with  carbonate  of  lead,  the  in- 
soluble phosphate  of  lead,  &c.,  removed  by  filtration,  and  the  filtrate  evaporated  over  a 
water-bath  or  a sand-bath.  A sparingly  soluble  lead-salt  (ethylphuspbate)  then  sepa- 
rates out  in  pearly  crystals.  On  farther  concentration,  the  solution  yields  groups  of 
crystals  like  cafieine.  These  ciy’stuls  consist  of  the  dlethylphospliato  of  le^  ; they 
may  be  purified  by  redissolving  them  at  a very  gentle  heat  and  reorystallising.  From 
the  solution  of  this  lead-salt  the  lead  may  be  precipitated  by  sulphydric  acid ; and  the 
filtrate  evaporated  in  vacuo  yields  the  hydrated  acid  in  the  form  of  a syrup,  which  does 
not  crystdliise,  and  appears  to  be  partially  decomposed. 

The  syrupy  acid  when  heated  gives  off  pungent  acid  vapours,  and  afterwards  phoe- 
phuric  ether,  recognisable  by  its  odour.  The  decomposition  terminates  with  a violent 
frothing  of  the  whole  mass,  and  phosphoric  acid  r<*iimins  behind. 

The  diethylphosphatcs  have  the  composiiion  (C*H*y''MI^O*  or  (C*II‘)*M"P*0*,  ac- 
cording to  the  atomicity  of  the  metal.  They  appear  to  be  all  soluble  in  water. 

The  barium-satt  is  formed  by  saturating  the  aqueous  acid  with  carbonate  of  barium. 
It  dissolvea  readily  in  water  and  dilute  alcohol,  and  may  be  obtained  in  needles  and 
laminte. 

The  calcium-salt,  (C*H*)*Ca*PK)*,  is  obtained  by  adding  carbonate  or  hydrate  of 
calcium  to  phosphoric  anhydride  which  has  been  left  to  deliquesce  over  alcohol  or 
ether,  or  to  the  aqueous  acid  prepared  by  decomposing  the  lead-salt  with  sulphydric 
acid,  or  by  decomposing  the  lead-salt  with  an  alcoholic  solution  of  chloride  of 
calcium. 

It  is  very  soluble  in  water,  less  soluble  in  dilute  alcohol,  sparingly  in  absolute 
alcohol,  crystallises  on  cooling  from  a warm,  concentrated  aqueous  solution,  or  from  an 
aqueous  solution  gradually  evaporated,  in  silky  groups  of  oy’stnls  like  the  lead-salt. 
From  the  solution  in  dilate  alcohol  it  crystallises  in  needles.  When  strongly  htfated^ 
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it  doM  not  gire  off  water  or  fuse,  bnt  decomposes,  with  evolution  of  triethylic  phosphate, 
turning  slightly  black  at  the  same  time. 

The  obtained  by  decomposing  the  lead>salt  with  sulphate  of  copper,  is 

re^  soluble  in  water. 

The  lead^taU,  (C*H*)*Pb"P*0*,  prepared  as  above,  dissolves  readily  in  cold  water, 
still  more  in  warm  water,  and  separates  on  cooling  from  a warm  concentrated  solution 
in  groups  of  crystals  resembling  caffeine.  It  is  sparingly  soluble  in  cold,  easily  in  bot 
abroluta  alcohoL  It  melts  at  180^,  solidifying  to  a crystalline  mass  on  cooling.  When 
heated  to  about  190*^  it  is  resolved  into  trietbylic  phosphate,  which  diatiU  over,  and 
etbylphosphate  of  lead : 

(C*H»)'Pb*TK)*  « (C»H*)"PO*  + (C»n*)Pb'TO*. 

The  other  diethylphospbates  are  decomposed  by  heat  in  a similar  manner. 

The  maanetium^  ana  nickel-talia  are  very  soluble  in  water ; the  Utter  crystallises  in 
groups  of  laminB. 

Bisthtlsulphoprospbosic  aciD,  (^C*H*J*HPS0*.  (Carius,  Ann.  Ch.  Pham, 
ezii.  190 ; Jahresb.  1859,  p.  442.) — This  acid  is  formed,  together  with  trietbylic  disul* 
pbophosphate,  by  the  action  of  pentasulphide  of  phosphorus  on  alcohol : 

6C*H*0  + P«»  ~ (C*H»)*HPSO*  + (C*H»)>PS*0»  + 2H*a 

Diethylsulphophospboric  acid  is  a viscid,  oily  liquid  having  a strongly  acid  and  like> 
wrise  bitter  taste.  It  may  be  boiled  in  aqueous  or  alcoholic  solution  without  decompo- 
sition, but  decomposes  when  strongly  heated  prr  se,  giving  off  mercaptan  (and  perhaps 
also  sulphide  of  ethyl),  and  leaves  phosphoric  acid.  It  forms  very  stable  salts,  among 
which  the  ammon$um%potau$um^,ftxf$um^,  ianum‘,ca/ctum’,  and  lead^talU  dissolve  easily 
in  water,  and  are  soluble  also  in  absolute  alcohol  and  even  in  ether;  the  sHver-salt  is 
nearly  insoluble  in  water,  but  very  soluble  in  alcohol  and  in  ether.  The  silver-,  lead-, 
and  rinc-salts  separate  from  their  solutions  by  rapid  evaporation  in  oily  drops,  which 
remain  viscid  for  a bng  time,  but  solidify  in  the  crystalline  fom  when  touted  with 
a hard  body. 

Dibthtl-disvlphopbosphosic  acid,  (C*H*)*HPS*0*  (Carins,  Uc.  ci/.).— 
Produced,  together  with  ethylic  sulphide,  by  heating  trietbylic  disulphophospbatc 
(tV*v)  mercaptan  in  a sealed  tube : 

(C*H»)*PS»0*  + C*H».H.3  - (C*H*)»HPS*0*  + (C^»)*S. 

IVlettajiIc  dUul.  llereap-  Dl«tnyl-dUuU  BthfUe 

pbopboepbate.  un.  ptaoiphorie  sulpbkle. 

add. 

It  U a transparent,  colourless,  amorphous  mass,  viscid  at  a gentle  heat.  Its  salts  are 
produced  by  the  action  of  alcoholic  snlphydrate  of  potassium  or  sodium  on  trietbylic 
disolphopbospbate,  mercaptan  being  formed  at  the  same  time : 

(C»H»)»PSK)*  + KHS  - (C*H*)*KPS=0*  + (7H*.H.S. 

DiiTHYL-TaTBASULPHOPHOSPHOBic  ACID,  (C*H*)*HPS^ — Thepotassium-salt 
of  acid  ia  formed  by  the  action  of  alcoholic  sulphydrato  of  potassium  on  trietbylic 
tetiasulphophosphate.  (Carius,  h>c.  ci7.) 

Tbibtbtlic  Phobpbatb,  (C*H*)*P0*  = (cS*)*|*^** — disco- 
vered by  Vogeli,  who  obtained  it — 1.  By  heating  diethylpbosphate  of  lead  to  190^ 
{yid.rupX — 2.  In  small  quantity,  toother  with  dicthylphosphonc  acid,  the  action  of 
pbosphonc  anhydride  on  alcohol.  It  is  likewise  pr^ucod— 3.  By  heating  phosphate 
of  suver  wi^  iodide  of  ethyl  to  100*^  (a  slight  action  takes  place  also  at  common 
temperatures),  exhausting  the  mass  with  ether,  beating  the  liquid  which  remains  after 
the  evaporation  of  the  ether  to  160*^,  and  distilling  it  in  vacuo  at  140^  (Dc  Clermont, 
Ann.  C^  Pharm.  zci.  376). — 4.  By  the  action  of  oxychloride  of  phosphorus  on  ethylate 
of  sodium: 

3C*H*NaO  + POCl«  = 3NaCl  + (C*H‘)*PO\ 

The  liquid  filtered  from  the  chloride  of  sodium  is  freed  from  ether  by  heating  it  in  the 
water-bath,  and  the  residue  is  distilled  (Limpricht,  Ann.  Ch.  Pharm.  cxxxiv.  347). 
~5.  By  the  action  of  the  oxychloride  on  absolute  alcohol.  (Schiff.) 

Trietbylic  phosphate  is  a umpid  liquid,  having  a peculiar  odour,  a apecifle  gravity 
of  1*072  at  12^,  and  boiling  at  216^.  It  is  soluble  in  water,  alcohol,  and  ether,  but  is 
alowly  deoompoaed  by  contact  with  water.  (Cariui.) 

Tbibtbtlio  Disulphopbospbatb,  (CW)*PS*0*,  is  obtained,  together  with 
diethylsulphophospboric  acid  (wrf.  tupX  action  of  pentasulphide  of  phosphorus 

on  alcohoL  It  is  a colourless  oily  liquid,  having  an  aromatic  and  somewhat  alliaceous 
odour,  especially  when  warmed,  and  distilling  undecomposed  with  vapour  of  water. 
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When  treated  with  alcoholic  sulphjdnte  of  potaneiam  or  sodium,  it  ^etds  diethji- 
disulphophosphoric  acid  and  merraptan  (Carius,  p.  692).  With  alcohols,  it  yields 
diethyl'^phophosphoric  acid,  together  with  a sulphide  of  ethyl,  and  the  radicle  of  tbo 
alcohol  employed ; e.  g.  with  amylic  alcohol : 

(C*H»)*PS»0»  + (C*H»')HO  - (C’H»)*nPS’0*  + (C’H*)(C"H")a 

Tbirthtlic  Tbtbasulphophosphatr,  (C*H‘)*PS*.  (Carius,  loc.  cit.) — 
Produced  by  the  action  of  pentaeulphide  of  phosphorus  on  mercaptan,  or  better,  on 
mercaptide  of  mercury : 

3tC*H‘)»Hg"S»  + P*S5  = 2(Cm‘)*PS'  + 3Hg"S. 

It  is  a light  yellow  oily  liquid  resembling  triethylic  disulphopbosphate,  but  more 
easily  decomposible.  With  alcoholic  sulphydrate  of  potassium  it  yields  diethyl-tetru- 
sulphopbosphoric  acid,  and  with  hydrate  of  potassium,  the  potassnim-salt  of  another 
aci^  probably  diethyl  -trisulphophosphoric  acid,  (C*H*)*HPS*0, 

Trtbrthtlic  Ptbophosphate, (C*H*)*P*0^  (De  Clermont,  /oc.  «7.)~Pro- 
duc«‘d  by  heating  dry  pyrophosphate  of  silver  with  iodide  of  ethyl  to  100®  in  u sealed 
flask.  The  filter^  liquid  is  then  distilled  at  the  heat  of  the  water-bath,  and  the  viscid 
residue  is  dried  by  passing  air  through  it  at  130®,  and  then  heating  it  in  vacuo  to  140®. 
It  is  a viscid  liquid,  of  specifle  gravity  1*172  at  17® ; has  a j>eculiar  odour  and  burning 
taste;  bums  with  a whitish  flame,  diffusing  white  vapours.  Potash  decDmposes  it, 
forming  crystallisable  deliquescent  diethylpbosphatc  of  potassium.  It  is  soluble  in 
water,  alcohol,  and  ether,  soon  turns  acid  when  exposed  to  the  air,  and  dissolves  a small 
quantity  of  silver-iodide. 

Metbylio  PhoapbateR  or  Bfatbylpbosphorlo  etbexw.  The  monomethylio 
and  dimethylic  phosphates  have  been  obtained  by  Hugo  Schiff  (Ann.  Ch.  Phaim. 
cii.  334)  ; the  trimethylic  ether  is  not  known. 

The  two  acid  ethers  are  produced  simultaneously : 1.  By  the  action  of  phosphorio 
oxychloride  on  mctbylic  alcohol : 

3(CH*)HO  -e  POCl*  - (CH»)H»PO*  + 2CH»C1  + Ha, 
and  3(CH')HO  + POCl*  - (CH*)*HPO*  CH»a  + 2HC1. 

On  mixing  the  two  liquids,  great  heat  is  evolved,  vapours  of  hydrochloric  acid 
aud  chloride  of  methyl  given  off,  and  a dark  rt>d  liquid  remains  consisting  of  mono- 
and  dimethylphosphoric  acids,  the  former  being  in  the  greater  quantity.  But,  if  the 
phosphoric  oxychloride  be  placed  in  a flask  attached  to  the  lower  end  of  a condensing 
apparatus,  uml  standing  in  cold  water,  and  the  wood-spirit  be  added  by  drops  from  the 
upper  end,  each  addition  being  made  only  after  the  reaction  produced  by  the  former 
has  subsided,  the  product  consists  almost  entirely  of  dimethylphosphoric  acid,  which, 
after  the  red  liquid  has  been  freed  from  hydrochloric  acid  and  wood-spirit  by  heating 
it  for  several  hours  in  the  water-bath,  remains  in  the  form  of  a colourless  syrup,  but 
by  continued  heating  over  the  water-bath  is  gradually  resolved  into  wood-spirit  and 
pnosphoric  acid. 

2.  By  the  action  of  penUchloride  of  phoephorus  on  methylic  alcohol,  phosphorio 
oxychloride  being  first  formed,  as  shown  by  the  equation, 

(CH*)HO  + PCI*  « POCl*  + CH»C1  + HCl, 
and  then  acting  on  the  rest  of  the  methylic  alcohol  as  above. 

(PO)*") 

Dimethylphosphoric  acidf  (CH*)*HPO*  — (CH*)*>0*,  is  veiy  sour,  attacks 

H ) 

zinc  with  evolution  of  hydrogen,  and  decomposes  carbonates  with  facility.  The  aqueous 
solution  is  readily  decomposed  by  boiling,  apparently  with  formation  of  monomethyl- 
phosphoric  acid.  It  is  soluble  in  alcohol  and  ether. 

The  dimetbylpbosphates,  (CH*)*MPO*  and  (CH’)^M'T*0*,  are  obtained  by 
neutnilising  the  aqueous  acid  with  the  corresponding  carbonates.  Some  of  the  less 
soluble  may  also  be  obtained  by  precipitation.  They  are  easily  separated  from  the 
monomethylphosphates,  which  are  much  less  soluble  and  separate  out  on  evaporation. 
The  dimethylphosphates  are  mostly  colourless,  dissolve  pretty  readily  in  water,  less 
in  alcohol,  not  at  all  in  ether,  and  are  precipitated  by  alcohol  and  ether  from  their  con- 
centrated solutions. — Almost  all  of  them  contain  several  atoms  of  water  of  crystallisa- 
tion.— Their  aqueous  solutions  are  deoomjxwed  by  erapomtion,  unless  the  heat  is 
kept  very  low.  By  distillation  they  yield  the  same  products  os  the  free  acid,  with  4 
residue  of  phosphate. 

The  barium^salt,  (CH*)*Ba‘TO*,  forms  nacreous  laminae  nearly  insoluble  in  alcohol. 
Hhe  strontium^salt,  (CH*)*Sr*'P*O*.2H^0,  is  somewhat  more  soluble  in  alcohol  than  the 
barium-suit,  and  crystallises  from  the  alcoholic  solution  by  gradual  evaporation  in 
silky  crystalline  laminae  arranged  in  radiated  groups.  It  gives  off  its  water  at  160^. — * 
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The  (CH*)*CaTK>*,  Beoarates  in  warty  mass«a,  veiy  aolnbie  in  wat^r. — 

The  moffnesium^s^t  ia  a white  powder  soluble  in  water. — The  zinc^alt  is  white  and 
rather  soluble.— The  iron  and  copper-salts  appear  also  to  be  easily  soluble,  inasmuch 
as  the  solution  of  the  salt  is  not  precipitated  % solutions  of  iron,  c^cium,  or  copper. — 
The  Uadsalt,  (CH*)*Pb"P^O*,  is  precipitated  from  the  concentrated  aqueous  solution 
by  ether  in  flakes. 

The  soluble  dimothylpbosphates  form  white  precipitates  with  salts  of  cobalt,  mercttry, 
and  silver. 

The  monomethylphosphates,  fCH*)M*PO*,  are  mnch  less  soluble  in  water 
than  the  dimethylopbosphates.  The  oarium-salt,  (CH*)Ba"P0*,2H*0,  is  lees  soluble 
in  water  at  100*^  than  in  lukewarm  water,  and  separates  as  soon  as  the  solution  is 
placed  over  the  water-bath,  in  laminse  having  a strong  lustre.  It  gives  off  the  greater 
part  of  its  water  of  crystallisatiou  even  on  exposure  to  the  air,  a further  portion  over 
sulphuric  add,  losing  its  lustre  at  the  same  time,  and  the  whole  (2  at.)  at  160°.  When 
strongly  heated  it  gives  off  combustible  gases. 

Smphochloride  of  phosphorus  forms  with  methylic  alcohol  an  acid  ether,  whose 
barium-salt  is  soluble  in  water.  This  ether  is  probably  monometbylic  aulpho- 
phosphoric  acid,  (CH’)H’PSO*. 

P"  ) 

Addsxdux.  Methylpho  sphorous  acid,  CE*VO*  » CHHO* (Schiff, ioc. «<.). 

— Produced  by  the  action  of  trichloride  of  phosphorus  on  methylic  alcohol : 

3CH«0  + PCI*  - CH*PO»  + 2CH*C1  + HCL 
Trichloride  of  phosphorus  is  added  by  drops  to  methylic  alcohol  as  long  as  any  action 
takes  place,  and  the  liquid  is  left  in  a warm  place  for  several  hours,  to  expel  hydro- 
chloric acid  and  excess  of  methylic  alcohoL  The  compound  is  thus  obtained  in  the 
form  of  a nearly  colouriess,  very  acid  syrup,  which  draws  out  into  threads,  and  cannot 
be  mode  to  crystallise.  On  attempting  to  concentrate  it  further  by  heat,  it  is  resolved 
into  methylic  alcohol  and  phosphorous  acid. 

The  mcthylphospkites,  (CH*)HMPO*,  are  obtained  by  treating  the  corresponding 
carbonatee  with  the  aqueous  acid.  By  evaporation  at  ordinary  temperatures  or  at  a 
very  gentle  heat,  they  are  obtained  as  amorphous  masses  which  exhibit  crystalline 
structure  when  scratched  with  a sharp-edged  tooL  When  strongly  heated,  they  giro 
off  phosphorettod  hydrogen  and  combustible  hydrocarbons,  leaving  a residue  of  phos- 
phate mixed  with  a little  amorphous  phosphorus.  They  are  hygroscopic,  and  dissolve 
readily  in  water,  sparingly  in  alcohol,  and  not  at  all  in  other.  The  aqueous  solutions 
decompose  slowly  at  ordinary  temperatures  into  methylic  alcohol  and  phosphates. 
This  decomposition  takes  place  most  quickly  wlien  the  solutions  are  acid,  and  may  be 
prevented  by  keeping  an  excess  of  the  carbonate  in  the  liquid  during  evaporation. 

The  barium-salt,  (CH*)*H*Ba'T*0*,  is  anhydrous,  less  soluble  in  water  and  in  alcohol 
than  the  calcium-salt.  The  calcium-salt,  (CH*)*H*Ca"P*0*.2H*0,  gives  off  its  water 
at  100°.  The  lead-salt,  (CH*)*H’PbT*0*,  is  very  easily  decomposed  by  heat. 

The  solution  of  the  calcium-salt  does  not  precipitate  the  chlorides  of  copper  and 
iron ; with  mercuric  chloride,  it  forms  a white  precipitate ; and  with  nitrate  of  sUt)er,  a 
precipitate  which  is  white  at  first  but  quickly  yields  reduced  silver. 

9baaylle  Pboaphatea  or  FbeaylpboapboHo  Btbera.^ — 1.  Monophenyl- 
phosphoric  acid,  (C*H*)H*PO\  has  been  obtained  by  Church  (Proc.  Roy.  Soc. 
xiii.  620),  but  the  mode  of  preparation  is  not  described.  Both  the  acid  and  its  salts 
oxidise  rapidly. 

(por^ 

2.  Diphenylpkosphorio  acid,  -■  (C*H*)*>0*. — This  acid  ether  is 

H ) 

obtained  by  the  action  of  pentacliloride  of  phosphorus  on  phenylic  alcohol  prepared 
from  salicylic  acid  (p.  390),  and  appears  to  constitute  the  chief  portion  of  the  prcMuct. 
At  ordinary  temperatures  it  is  a granular  crystalline  powder,  and  after  being  freed 
from  adhering  liquid  by  pressure  ^tween  paper,  may  be  kept  in  paper  in  the  warmest 
and  dampest  weather  without  alteration.  It  dissolves  easily  in  a weak  solution  of 
caustic  S(^a  to  which  a little  alcohol  is  added,  forming  the  diphenulphosphate  of  sodium, 
(C*H*)*NaPO*,  which  crystallises  on  cooling  from  a hot  saturated  solution  in  prisms  or 
needles.  These  crystals  yield  by  analysis  22*64,  22*82,  and  22*91  per  cent,  water,  and 
8*96,  8’91,  and  9 02  per  cent,  phosphorus,  agreeing  nearly  with  the  formula, 
2(C*H*)*NaP0*.9H*0,  which  requires  22*06  per  cent,  water  and  8*78  per  cent,  phos- 
phorus. Sometimes  (under  circumstances  not  precisely  determined)  flattened  needles 
wereobtained  containing24'66 — 24*81  percent,  water;  the  formula  (C*H*)*NaPO*.6H*0 
requires  24*81  percent.  On  mixing  the  aqueous  solution  of  the  sodium-salt  with 
neutral  acetate  of  lead,  a nacreous  crystalline  precipitate  is  formed  containing  29*2 
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JXT  cent  lend,  which  agree*  nearly  with  the  formula  (C*n‘)^Pb*T*0*,  requiring  29  4 
per  cent.  (H.  Watts,  Gvtdin's  Handbook,  xii.  249 ; and  unpuhlUhfd  experiments,) 
Hugo  Muller,  in  making  some  experiments  with  the  view  of  obtaining  phenylene 
from  phenol  by  the  action  of  phosphoric  anhydride,  h.is  recently  obtained  a phenyl- 
phosphoric  acid,  the  formula  of  which  is  howevei*  not  yet  made  out.  When  phosphoric 
anhydride  is  brought  in  contact  with  crv’stalline  phenol,  elevation  of  temperature  takes 
place  and  a pasty  mass  is  formed,  which  on  heat  being  applied  becomes  homogeneous. 
The  temperature  being  raised  still  higher,  unchanged  phenol  distils  over,  but  there  is  no 
indication  that  phenylene  is  formed  in  this  reaction.  On  dissolving  the  residuary  muss 
in  water  and  treating  it  with  barium-carl)onate,  a solution  of  phenylphosphate  of  barium 
is  obtaineil,  which,  ^cr  precipitation  of  the  barium-salt  with  sulpburic  acid  and  care- 
ful evaporation,  yields  the  pheoylphosphoric  acid  in  the  state  of  a heav^  oily  liquid, 
which  separates  from  the  concentrated  solution.  This  phenyl-phosphonc  acid  forms 
with  most  metals  well  crystallised  salts.— The  potassium-,  sodium-  and  ammonium- 
salts  are  very  readily  soluble  in  water. — The  magnetitim-salt  crystallises  with 
difficulty,  and  is  moderately  soluble  in  water. — The  barium-salt  ciystalUses  in  magnifi- 
cent asbestos-like  crystals.  Solutions  of  tlie  barium-salt  give  with  acetate  of  lead  a 
white  flocculont  precipitate,  which  soon  becomes  converted  into  a mass  of  fibrous 
crystals.  Dilute  solutions  give  no  precipitate,  but  on  evaporation  yield  crystals 
resembling  the  barium-salt. — The  silver-salt  is  a white  precipitate  which  soon  berames 
yellow  and  brown.  Solutions  of  the  phenyl- phosphate  of  barium  do  not  give  precipi- 
tates with  coypcT-,  cobalt-,  nkktl-,  or  zinc-salts  in  the  cold,  but  when  heat  is  applied, 

firecipitates  are  formed  which  dissolve  again  on  cooling.  The  phonylpbospnatea 
ike  tne  corresponding  cthylpbosphates  possess  the  peculiar  property  of  being  less  soluble 
in  hot  wator  tiian  in  cold:  their  maximum  solubility  appears  to  lie  between  40^  and 
60®.  {Communication  from  Dr.  Muller.) 

Triphcnylic  Phosphate,  (C*H*)*PO*  — and 

Scrugham,  Chem.  Soc.  Qu.  J.  vii.  240.) — This  compound,  the  neutral  phosphate  of 
phenyl,  is  produced,  together  with  chloride  of  phenyl,  by  the  action  of  pentacbloride  of 
phosphorus  on  pbenylic  alcohol  obtained  from  coal-tar  creosote,  and  constitutes  that 
jKtrtioD  of  the  product  ^tbe  largest)  which  distils  above  the  range  of  the  mercnrial 
thermometer.  It  is  purified  by  treating  the  crude  product  with  strong  aqueous  potash, 
remoring  the  potash  by  washing  with  water,  and  distilling  the  remaining  liquid  two  or 
lhn*e  times. 

This  ether,  at  the  ordinary  temperatures,  is  a thick,  oily,  fluorescent  liquid,  but  solidi- 
fies at  low  temperatures  to  a mass  of  crystals.  It  is  inodorous,  soluble  in  alcohol  and 
ether,  but  insoluble  in  potash  except  on  boiling.  It  is  very  expansible,  sinking  in  a 
cold  solution  of  potash,  but  rising  to  the  surface  on  the  application  of  heat,  and  again 
falling  to  the  bottom  on  cooling.  It  is  decomposed  by  ethylate  of  sodium,  or  by 
evaporation  to  diyncss  with  strong  potash ; and  on  adding  nitrate  of  potassium  to  the 
residue,  fusing,  treating  the  fused  mass  with  water,  and  neutralising  with  hydrochlorio 
acid,  a solution  is  obtained  in  which  the  phosphoric  add  may  be  detected  and  estimated 
in  the  usual  way  with  ammonia  and  sulphate  of  magnesium.  The  ether  gave  by 
analysis,  65*92  per  cent  carbon,  5T3  by(m>gen,  and  8 00  phosphorus,  the  formula 
(C*lD)*PO*  requiring  66*11  carbon,  4*59  hyc&ogcn,  9 7 phosphorus  and  19*59  oxygen. 

Olyoeroplioaphoiio  Add*  C*H*PO*  « existing  in  the  yolk  of 

egn  and  in  the  brain,  and  produced  artificially  by  the  action  of  phosphoric  add  or 
anhydride  on  glycerin,  has  l^en  already  described  (ii.  896). 

(PO)-  1 

AoetylptaosptioTio  Aeld«  probably  C'H*PO’  « (C*H’0)*>0*.H*0,  is  obtained 

H ) 

by  the  action  of  acetylic  chloride  on  pboephate  of  silrer.  On  treating  the  reeulting 
mass  with  water,  the  acetylphospboric  acid  dissolves,  together  with  phoepboric  acid ; 
and  by  neutralising  the  evaporated  filtrate  with  carbonate  and  hydrate  of  calcium,  pre- 
dpitating  with  acetate  of  lead,  and  decomposing  the  lead-salt  with  snlphydric  acid,  the 
acetylphospboric  add  is  obtained  as  a visdd  liquid  which  is  resolv^  by  boiling 
the  solution  into  phosphoric  and  acetic  acids.  The  barium-  Kod  calcium-salts  are  easily 
soluble ; the  former,  C*H*Ca"PO*.4H*0,  crystallises  in  radiate  needles  and  prisms  per- 
manent in  the  air.  (Kammerer  and  Cairns,  Aon.  Ch.  Fbarm.  cxxxi.  170.) 

(TO*)'*) 

Aeetylpyropbospbotio  Aold.  (C^H*0)H*P’0’  * C*H'0  >0*.  (K.  Men- 

H*  ) 

sebutkine,  Bull.  Soc.  Chim.  186.5,  i.  269.) — Produced  by  the  action  of  nitric  add,  or 
better  of  hydric  peroxide  on  acetylpyrophosphorous  acid,  (C*H*0)H*P*0*  (p.  534). — 
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The  harium~9oii,  (C*H*0)HBa*T*0’.2II*0,  is  obtained  by  adding  a solution  of  barinm- 
peroxide  in  dilute  hydrochloric  acid  to  a solution  of  potasaic  acetylpyrophosphito.  It 
28  a cr)'8talline  precipitate,  insoluble  in  water,  moderately  soluble  in  dilute  acids.  Ita 
solution  in  nitnc  acid,  decomposed  by  an  equiralent  quantity  of  sulphuric  acid,  yields 
the  aqueous  acid  ; and  on  neutralising  this  with  ammonia,  and  adding  acetate  of  lead. 

the  Uad-salt,  (C>HH))*P&*P«0'\  is  obtained  as  a precipitate,  insoluble  in  water,  easily 
soluble  in  dilute  nitric  acid. — The  sth'rr-salty  (C'H*0)A^F-'0^  obtained  in  like 
manner,  is  a white  precipitate  which  gradually  turns  yellowish.  It  dissolves  without 
decomposition  in  dilute  nitric  acid  and  in  dilute  ammonia,  but  strong  ammonia  poured 
on  the  dry  salt  reduces  part  of  the  silver. 

Acotylp3rrophosphoric  acid  is  slowly  converted  into  phosphoric  acid  by  ebullition 
with  aqueous  acid  and  alkalis,  quickly  by  fusion  with  hydrate  of  potassium  or  carbonate 
of  sodium. 

PHOSPHO&TT8,  OXTBBOKZBB  OF,  FOBH.<~Th)S  compound,  discovert^ 
by  Gladstone  (Phil.  Mag.  [3]  2lxxt.  345  ; Jahresb.  1849,  p.  243),  is  produced  by  the 
decomposition  of  the  penUbromide  in  moist  air:  PBr*  + fl*0  ■»  2HBr  + POBri; 
and  in  a pure  state  by  the  action  of  the  pentabromide  on  alcohols  and  acids,  e.^.,  by 
treating  1 at  of  the  strongest  acetic  acid  with  1 at  of  the  pentabromide  (H.  Ritter, 
Ann.  Ch.  Pharm.  xiv.  210): 

C*HK).H.O  + PBr*  - POBr*  + C>H>OBr  + HBr; 

Acetic  Oxybromlde  of  Bromide  of 

acid.  phoiphorui.  aretjl. 

or  1 at.  fhsed  oxalic  acid  with  I at  pentabromide  (Baudrimont,  Bull.  Soc.  Chim. 
1861,  p.  118),  the  reaction  being  similar  to  that  with  the  pontachloride  {in/ra). 
After  rectification,  it  forms  a crystalline  mass  composed  of  large  laminae,  melts  at  45^ 
or  46°  to  a colourless  liquid ; has  a specific  gravity  of  2*822  [solid  or  liquid  ?1 ; boils  at 
195°  (Rit  ter).  It  is  slowly  decomposed  by  water  into  phosphoric  and  hydrobromic 
adds,  and  acts  upon  alcohols,  acids,  &c.  in  tne  same  manner  us  the  oxychloride, 

PB08PH0BUS,  OXTCBBOBXBB  OP.  POCP.— This  compound,  discovered 
by  Wurts  (Ann.  Ch.  Phys.  [3j  xx.  472),  is  produced  by  reactions  analogous  to  those 
above  described  for  the  mrmation  of  the  oxybromide.  Qerhardt  (Ann.  Ch.  Phya. 
[3]  xxxvii.  285)  recommends,  as  the  best  mode  of  preparing  ib  to  distil  pentaehloridc  of 
phosphorus  with  half  its  weight  of  oxalic  acid  completely  deprived  of  its  water  of 
crystallisation : 

C*H*0*  + PC1‘  - POCP  + 2HCI  + CO  + CO*; 
or  5 pts.  of  the  pentachloride  with  1 pt  or  rather  more  of  crystallised  boric  acid  {ibid, 
xlv.  102): 

2H»BO»  + 3PCP  - 3POC1*  + + 6HCI 

In  either  ease,  hydrochloric  acid  is  ^ven  off  as  gas,  and  oxychloride  of  phosphorus  is  the 
only  liquid  pr^uct  of  the  distillation.  The  ox^’chloride  is  also  produced  by  passing 
oxygen  gas  into  boiling  trichloride  of  phosphorus ; and  by  mixing  the  penlAciloride 
with  phosphoric  anbydnde ; P*0*  + 3PC1*  6POCP;  andaceordingto  Lautemann 
(p.  635)  by  beating  phosphoric  anhydride  with  dry  chloride  of  sodium. 

Oxychloride  of  phosphorus  is  a colourless  fuming  liquid  having  a specific  gravity  of 
1*7  and  boiling  at  110^.  It  is  decomposed  by  water  like  the  oxybromide,  yielding 
hydrochloric  and  phosphoric  acids : 

POCl>  + 3H’0  - 3HC1  + HTO*. 

Like  pentachloride  of  phosphorus,  the  oxychloride  is  largely  used  for  preparing  the 
chlorides  of  different  radicles,  according  to  a reaction  first  introduced  by  Oerhardt 
{Igc.  cit.) ; with  acftaU  of  potofsium  for  example  it  yields  phosphate  of  potassium  and 
chloride  of  acetyl : 

3{C»H»o.K.O)  + poa*  = K*PO*  + ac’H'oa 

(see  Chlorides,  i.  897).  Heated  with  mttalHc  oiidet^  it  forms  a metallic  chloride  and 
phosphate.  Heated  to  100°  in  a sealed  tube  with  oxyehlorid^e  of  chromium^  it  reacts  in 
the  manner  shown  by  the  equation  : 

lOPOCP  + 12CrO*Cl*  « 3Cr*0*  + 6CrCl"  + AP’D*  + ISQ*  (Casselman.) 

With  aqiuouB  alcohol  of  ordinary  strength  it  forms  monoethylphosphoric  acid,  and 
with  anhydroua  alcohol,  triethylic  phosphate  (Schiff,  Jahresb.  1867,  p.  10): 

poa*  + C«H».H.O  + 2H*0  - C*H‘,H*.PO‘  + 3HCI ; 
and  POCl*  + 3{C*H».H.O)  = (C»H»)'PO*  + 3HCI. 

With  ammonia  it  forms  phospho-triamide,  according  to  the  equation  : 

POCl*  + 3NH*  = ^^/'|n*  + 3HC1; 
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and  Bimilarly  with  aniline  Budnaphthylamintt  it  yields  triphenyl-  and  tfinaphthylphoft- 
photriamide,  e.g» : 

(por ) 

poa*  + 3(N.H*C^»)  - (OH*)*VN*  + 3HCL 

H*  ) 

When  added  by  drops  to  heatod  eine-ethgl^  it  acts  with  great  violence  and  forms  a 
colourless  viscid  liquid,  solidifying  after  a while  to  a vitreous  mass,  which  when 
treat^  with  water,  yields  insoluble  oxychloride  of  zinc  and  a soluble  compound  of 
rinc-chlorido  with  chloride  of  tetrethylphosphonium,  2P(C*H*)^CLZn"Cl*.  (Pebal, 
Ann.  Ch.  Phann.  cxx.  194;  Jahresb.  1861,  p.  491.) 

Compounds  of  Phosphoric  Oxychloride  toith  Metallic  chlorides  (Cassolman,  Ann. 
Ch.  Pharm.  xci.  241 ; xcviii,  213  ; Jahresb.  1854,  p.  360;  1866,  p.  282).~Oxychloride 
of  phosphorus  forms  crystalline  compounds  with  st'veral  metallic  chlorides.  The 
aluminium-^mpoundy  AlCP.POCl*,  is  obtained  by  heating  chloride  of  aluminium  with 
excess  of  the  oxychloride  in  a sealed  tube,  and  separates  on  slow  cooling  in  transparent 
colourless  crystals.  It  melts  at  165°^  solidifies  in  the  crystalline  form  on  cooling,  boils 
at  a heat  below  redness,  and  may  be  passed  in  the  state  of  vapour  through  r^-hot 
tubes  without  decomposition.  It  deliquesces  when  exposed  to  the  air,  and  dissolves  in 
water,  with  considerable  rise  of  temperature,  and  formation  of  alumina,  hydrochloric 
acid,  and  phosphoric  add  (Casselmann,  Ann.  Ch.  Pharm.  xcviii.  213;  Jahresb. 
1856,  p.  282). — A magnesium-compound,  Mgf'CP.POCl*  is  formed  in  like  manner,  but 
very  slowly,  and  may  be  freed  from  excess  of  the  oxychloride  by  prolonged  heating  to 
IdO*’  in  a current  of  dry  air.  It  is  inodorous ; deliquescent;  is  decomposed  by  water 
like  the  preceding  compound ; and  is  resolved  at  a heat  into  chloride  of  magnesium 
and  oxychloride  of  phosphorus. — A stannic  compound,  Sn*’Cl*.POCP,  is  produced  im- 
mediately, as  a white  crystalline  mass,  on  bringing  stannic  chloride  in  contact  with  oxy- 
chloride of  phosphorus.  It  also  separates  in  crystals  from  the  yellow  liquid  formed  on 
treating  the  compound  SnCP.SCl*  with  oxychloride  of  phosphorna  It  has  a peculiar 
odour,  melts  at  65^,  boils  at  180^,  and  if  protected  from  contact  with  moist  air,  distils 
over  unchanged.  It  fumes  in  the  air  and  is  decomposed  by  water,  yielding  stannic 
chloride,  hydrochloric  acid  and  phosphoric  add ; if  a large  quantity  of  water  is  present, 
stannic  phosphate  separates  out. 

A compound  of  phosphoric  oxychloride  with  chloride  of  eine  is  produced  bydistilling 
the  two  sulwtances  together  in  an  apparatus  which  allows  the  distilled  liquid  to  flow 
back  continually  on  the  fused  chlonae  of  zinc ; or  by  passing  the  vapour  of  the  oxy- 
chloride over  melted  zinc-chloride,  kept  at  a temperature  b^w  its  boiling  point.  It 
collects  in  the  receiver  in  rhombic  crystals. 

Oxychloride  of  phosphorus  does  not  act  on  chloride  of  eo^pper  even  when  heated. 
Mercuric  chloride  slowly  heaUd  to  100*^  with  the  oxychloride  in  sealed  tubes,  becomes 
covered  with  colourless  crystals.  The  chlorides  of  potassium^  sodium,  and  barium  are 
converted  by  similar  treatment  into  gelatinous  mosses. 


BBOSPBO&YT8y  SWLBWXPSB  OV«  These  compounds  have  recently  been  in- 
vestigated by  0.  Hahn  (J.  pr.  Chem.  xciii.  430;  BulLSoc.Chizn.  1865, ii.  20).  Berzelius 
showed  that  selenium  and  phosphorus  unite  in  all  proportions  when  heated  together 
{Gmelin'a  Handbook,  ii.  242);  Bogen  (Ann.  Ch.  Pharm.  exxiv.  57) obtained pentasele- 
nido  of  phosphorus  by  heating  2 at.  amorphous  phosphorus  with  5 at.  selenium  in  a 
stream  of  carbonic  anhydride;  and  Kuhn  by  a similar  process  has  obtained  the  com- 
pounds P^Se,  F'Se,  and  l"Se*,  analogous  to  the  sulphides  of  phosphorus.  A 

known  weight  of  ordinary  phosphorus  having  been  dried  in  a bulb-tube  in  a stream  of 
hydrogen,  the  required  quantity  of  pulverised  selenium  is  added  and  the  mixture  is 
iieateu : combination  tlicn  takes  place  at  temperatures  above  100^,  attended  with  evo- 
lutiou  of  light  and  hciit. 


BemUelenlde  or  Sabaelentde,  P*Se.— This  compound,  when  freed  from  excess 
of  amorphous  phosphorus  (produced  by  the  heat)  by  distillation,  or  by  straining  through 
H cloth  under  wn^er,  forms  a dark  yellow,  oily,  fetid  liquid  which  solidifies  at  — 12^,  and 
is  converted  by  heat  into  a colourless  vapour.  When  dry  it  takes  fire  immediately  on 
coming  in  contact  with  the  air;  it  is  also  set  on  fire  by  red  fuming  nitric  acid.  In 
water  containing  air,  it  iK'Comes  coveretl  with  an  opaque  crust,  and  is  partly  decom- 
posed, the  water  taking  up  phosphoric  acid  and  a seleniom-compound.  It  dissolves 
easily  in  sulphide  of  carbon,  but  is  insoluble  in  alcohol  and  ether,  by  which  it  appears 
to  bo  decomposed.  It  is  not  attacked  by  cold  alkaline  solutions ; but  when  boU^  with 
them  it  is  decomposed,  with  evolution  of  phospheretted  hydrogen  and  formation  of  a 
aelenido  and  selenite  of  the  alkali-metal.  In  solutions  of  metallic  salts  it  becomes 
covered  with  a crust  of  metallic  phosphide  and  bolenide. 

Vrotoaelenlde  of  Pbespborua,  is  at  ordinaiy  temperatures  a light  red 
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inolid  body,  which  8nblimJ*8  when  hented  and  burns  when  sot  on  fire  with  a bright 
flame  and  red  smoke.  It  is  {>ermaneDt  in  dry  air,  but  decomposes  in  moist  air,  giring 
off  selenide  of  hydrogen.  It  is  insolublo  in  alcohol  and  ether;  sulphide  of  carbon 
abstracts  from  it  variable  quantities  of  phosphorus.  Boiling  potash-ley  decoropos*  s 
it,  with  evolution  of  selonhydric  acid,  and  formation  of  a r^  substance  containing 
both  phosphorus  and  selenium. 

Metallic  Seleniohypophosphite$. — By  carefully  heating  dry  mixtures  of  pro- 
toselenide  of  phosphorus  and  a mi  tallic  selenide  in  equivalent  proportions,  seleniom- 
aalts  are  obtained  liaving  the  general  formuhe  orMPSe*  and  iI'*ScP*Sc  « 

M"P*Se’  according  to  the  atomicity  of  the  metal. 

The  pQta$fium^salt,  KPSe,  is  white  and  permanent  in  diy  air;  in  moist  air  it  ex- 
hales selenhydric  acid,  and  l>eoome8  covered  with  a red  crust.  With  de-aerated  water 
it  forms  a solution  which  quickly  decomposes,  with  evolution  of  selenhydric  acid,  sepa- 
ration of  selenium,  and  formation  of  potussie  phosphate.  It  dissolves  with  partial 
decomposition  in  absolute  alcohol,  and  exmnot  be  crystallised  from  this  solution.  The 
alcoholic  solution  added  to  solutions  of  metallic  salts  b.iving  an  alkaline  reaction, 
throws  down  easily  decomposible  precipitates  consisting  of  metallic  selenio-hypophos- 
phates;  the  precipitates  formed  in  like  manner  in  acid  solutions  contain  rariabls 
quantities  of  metallic  selenide.  Protoselenide  of  phosphorus  fused  with  2 at.  selenide 
of  potassium  forms  a red  substance  which  when  heated  with  alcoholic  solution  of 
potash,  gives  up  selenide  of  potassium  and  leaves  the  white  compound  KPSe. 

The  seleniohypophosphites  of  sodium,  harium,  iron,  mavgauese,  Uad,  cop^,  and  til- 
tvr  are  obtained  in  the  same  manner  as  the  potassium-salt.  The  preparation  of  those 
containing  the  heavy  metals  is  dangerous,  unless  small  Quantities  only  are  operated 
upon;  larger  quantities  take  fire  even  when  briskly  rubbeu  in  a mortar.  The  selenio- 
hypophosphites of  the  heavy  metals,  with  exception  of  the  manganous  salt,  arc  very 
stable,  decomposing  only  ut  high  temperatures.  They  all  dissolve  in  nitric  acid  ; only 
the  manganous  suit  in  hydrochloric  acid.  They  are  slowly  decomposod  by  boiling 
alkaline  solutions. 

Trlselenldo  of  Vhospliortta  or  Ptaospborous  Solenlde.  P*S*. — This  com- 
pound, analogous  in  composition  to  phosphorous  oxide,  is  a solid  body  of  a dark  ruby- 
red  colour,  and  having,  when  pulverised,  the  aspect  of  amorphous  pboepborus.  When 
heated  it  is  converted  into  a yellow  vapour  which  condenses  in  films  of  very  various 
colour,  from  light  yellow  to  very  dark  red.  It  bums  in  the  air  with  a feeble  flame  and 
re<l  smoke;  oxidises  slowly  in  moist  air;  and  gives  off  selenhydric  add  when  boiled 
with  water.  It  is  insoluble  in  alcohol,  ether,  and  sulphide  of  carbon,  but  dissolves 
easily  in  caustic  potash-ley,  less  easily  in  alkalino  carbonates. 

SeltniophotpiUet,  2M>Se.I»Se*  = M‘P"So»  or  2M"S3j»So»  ~ jf'P'SeM’ 
according  to  the  atomicity  of  the  metal.  When  1 at.  phosphorous  selenide  is  fused 
with  2 at.  of  a metallic  selenide,  compounds  are  formed  whicn  appear  to  be  of  definite 
constitution,  inasmuch  os  if  a larger  proportiou  of  the  phosphorous  selenide  be  used, 
the  cxci'ss  may  bo  extracted  from  the  fhsed  mass  by  solvents,  leaving  a residue  having 
the  above  composition. 

The  potassium^alt,  K^P®Se*  is  yellow,  verv  hygroscopic,  and  decomposible  by  water ; 
soluble  in  a mixture  of  alcohol  and  ether,  less  soluble  in  pure  aleonol  or  pure  ether, 
auy  excess  of  phosphorous  selenide  remaining  undissolved.  The  solutions  fiirm  with 
the  salts  of  the  heavy  metals,  unstable  precipitates  of  the  corresponding  metallic  com- 
pounds. 

The  yellow  sodium’salt  and  the  light-red  barium~$nlt  have  been  prepared  by  direct 
combination  in  the  dry  way ; also  the  mangnnrse^saU,  Mn’P’Se*,  me  copper-salt, 
Cu*P'Se*,  the  Uad-salt,  and  the  silrer-salf,  Ag^P*Se\  which  are  dark  yellow, 

amorphous  and  tolerably  stable  substances,  dissDlved  or  dccomno«e<l  only  by  red  fuming 
nitric  acid,  excepting  the  manganous  salt,  which  is  dissolved  also  by  boiling  hydro- 
chloric acid. 

Pentaaelenlde  of  Pbosplioras,  Pbospliorlc  Selenide.  P^Se*.~This  com- 
pound, analogous  in  composition  to  phosphoric  oxide,  is  more  difficult  of  preparation 
than  the  pseceding ; it  is  necessary  to  use  very  finely  divided  selenium,  prepared  by 
precipitation  with  sulphurous  acid,  and  to  mix  the  substances  very  intimately  by 
exposing  them  in  a glass  tube  to  a heat  just  sufficient  to  melt  the  phospborui  before 
subjecting  them  to  a strong  heat.  It  is  solid,  dark  red,  pormaneut  in  moist  as  well  as 
in  dry  air,  but  decomposes  when  distilled.  It  is  insoluble  in  sulphide  of  carbon ; 
decomposed  by  potash-ley  even  in  the  cold. 

Seleniophosphates,  2M*Se.P*Se*  » M*P^e’.— Pentasulphide  of  selenium  like- 

* AnjIngAut  to  Nnh)dr<^u»  hypophoiphilAS.  MPO  or  M’O.P^O  (p.  624). 

t Aiislusoui  tu-hy|K.lht'tiCAl  anhjdrou*  photphite*,  or  2M-O.P^CP. 
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wise  unites  with  ne<4dlic  sdenides,  apparentlj  forming  salts  analc^ns  in  composition 
to  the  pjrophosphAtes ; bat  tliey  are  very  nnstable  and  their  composition  cannot  be 
rested  as  deflnitiyelj  established.  The  potas8ium^*aU,  K*P’Se’,  is  dark^colonred, 
deliquescent,  and  imme^ately  decomposed  by  water,  alcohol,  and  ether.  Hence,  when 
add^  to  solutions  of  metallic  salts,  it  forms  precipitates  consisting  merely  of  metallic 
phosphide  and  sclenide.  Similar  remarks  apply  to  the  •odium-$alt  and  to  the  bariiim^ 
$alty  which  is  of  a light  brick->red  colour. — The  copper-^tUty  Cu*P^’,  and  thesi7e«r-sa//. 
Ag*P*Se*.  are  black,  with  metallic  lustre,  permanent  in  the  air,  and  leare  metallic 
phosphides  when  ignited ; they  are  dissolved  only  by  filming  nitric  acid.  The  lead^^alt 
IS  black;  the  nuxnganue-ioUh^t  red. 

raosiPBORirs,  SVXFBIDXS  of.  When  ordinary  phospbonis  and  solphnr 
are  heated  together  in  the  dry  state  or  melted  together  under  water,  combination 
takes  place  b^ween  them,  attended  with  vivid  combustion  and  often  with  violent 
explosion.  When  amorphous  phosphorus  is  used,  the  reaction  is  not  explosive  though 
still  very  rapid. 

Six  different  compounds  of  sulphur  and  phosphorus  have  been  obtained,  namely 
P*S,  P*S,  P*S*  and  P*S**,  the  first,  second,  fourth  and  fifth  being  analogous 

to  the  selenide  above  described.  They  may  all  be  formed  by  heating  the  two  b^rs 
together  in  the  required  proportions;  bat  the  trisulpbido  aad  pentasmphide  are  more 
easily  prepared  by  warming  the  protosolphide  with  additional  proportions  of  sulphur, 
moreover,  the  two  lower  sulphides,  P*S  and  P'S,  exhibit  isomeric  modifications,  each 
being  capable  of  existing  ns  a colourless  liquid  and  as  a red  solid.  The  proto*,  tri*  and 
pentasuipbides  of  phosphorus  unite  with  metallic  sulphides,  forming  sulphur-salts 
analogous  to  the  srienium-salts  above  described.  Our  knowledge  of  the  sulphides 
of  phosphorus  is  due  chiefly  to  the  researches  of  Berselius.  {Traiti  de  Chtmie^ 
Pans,  1846.  i.  816 ; Gmdin*a  Htmdbooky  ii.  209.) 

BamlaiUpblde  or  Sabsolphidey  P^.  Bypoauljide  pAoaphoreus.  Photphortui- 
/uret,  a.  Colourless  liquid  modification. — This  modification  is  prepared  by 
melting  4 at.  phosphorus  and  1 at.  sulphur  under  hut  water,  or  by  heating  them  ia 
the  dry  state  in  a sealed  tube  to  about  60^,  after  the  oxygen  of  the  endosm  air  has 
been  taken  up  by  the  phosphorus ; also  by  digesting  phosphorus  in  an  alcoholic  solution 
of  potassium-persulpmde  (liver  of  sulphur). 

The  product  thus  obtained  is,  at  ordinaiy  temperatures,  a transparent,  colourless 
liquid,  having  the  consisteDce  of  a fixed  oil.  At  a few  degrees  below  0^  it  solidifies, 
forming  a mass  of  slender,  colourless  ciystals.  It  fumes  in  the  air,  and  exhales  the 
odour  of  phosphorus.  In  an  atmosphere  free  from  caygen,  it  may  be  distilled  without 
alteration.  It  readily  takes  fire  in  the  air,  particularly  when  absorb<'d  by  porous  bodie^ 
It  is  insoluble  in  alcohol  and  ether;  but  these  liquids  are  gradually  altered  by  it. 
even  out  of  contact  of  air,  and  the  new  products  dissolve  in  the  liquid,  while  the 
remaining  sulphide  undergoes  no  alteration,  but  merely  diminishes  in  volume.  Oils, 
both  fixed  ana  volatile,  dissolve  it  in  small  quantity : the  solution  shines  in  the  dark, 
and  gives  off  slight  fumes  when  in  contact  with  the  air.  Subsulphide  of  phosphorus 
dissolves,  with  the  aid  of  heat,  an  additional  quantity  of  phosphorus,  but  deposits  it 
again  in  the  form  of  rhombic  dodecahedrons  on  cooling. 

It  may  be  preserved  without  alteration  in  a bottle  filled  with  boiled  water  and  well 
corked ; but  in  water  impregnated  with  air,  the  phosphorus  gradually  oxidises  and  is 
converted  into  phosphoric  acid;  hence  the  liquid  acquires  an  acid  reaction.  When 
boiled  with  wafer,  it  slowly  exhales  sulphvaric  acid.— When  digested  in  solution 
of  potash  or  soda,  it  yields  a phosphate,  sulpnydrate.  and  polysulphide  of  the  alkali* 
metal ; and  there  finally  remains  a quantity  of  phosphorus  ^m  sulf^ur,  which 
8olidifi(*6  on  cooling. 

fi.  Red  Modification.  Formed  when  the  preceding  substance,  or  the  liquid  pr^ 
toKulphide  of  phosphorus,  is  gently  heated  in  contact  with  an  electro*positive  metric 
sulphide.  It  is  best  prepared  us  follows: — A layer  of  anhydrous  carltenate  of  sodium 
two  inches  thick  is  placed  in  a tube  six  or  eight  inches  long,  and  a quantity  of  liquid 
protosulphide  of  phosphorus  poured  upon  it,  drop  by  drop,  till  tlie  carbonate  of  sodium 
M slightly  imprepnatea  with  tne  liquid  throughout.  The  tube  is  then  closed  with  a 
cork,  through  which  a gas-delivcry  tube  passes,  and  immersed  in  a sand-bath,  to  such 
a depth  that  the  level  of  the  sand  may  be  a little  above  that  of  the  salt  within  the  tube. 
The  sand-bath  is  raised  to  a temperature  sufficient  to  maintuin  the  water  in  a vessel 
placed  beside  the  tube  in  a state  of  constant  ebullition.  On  withdrawing  the  tube 
from  the  sand  from  time  to  time,  it  is  found  that  the  moss  first  turns  yellow  without 
fusing,  and  afterwards  assumes  a n*d  colour,  which  commences  at  the  bottom,  and 
gradually  extends  itself  upwards,  increasing  at  the  same  time  in  intensity.  Above 
the  saline  m»ms  there  is  deposited,  on  the  sides  of  the  tube,  a spontaneouuy  infi&m* 
mable  sublimate  of  phosphorous  anhydride,  formed  at  the  expense  of  the  air  already 
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contained  in  the  tube,  and  of  that  which  enters  slowly  and  insensibly  through  the  gas- 
delirery  lul>e.  As  soon  as  the  red  colour  ceases  to  spread  any  further,  the  tube  is  with- 
drawn fmm  the  sand-bath  and  left  to  ciwl.  When  perfectly  cold,  it  must  be  scratched 
with  a tile,  a line  or  two  below  the  uppH>r  limit  of  the  red  tint,  then  broken  at  that 
point,  and  the  two  ends  immediately  thrown  into  water,  as  the  surfaces  of  the  saline 
mass  would  take  Are  instantly  on  coming  in  contact  with  the  air.  The  water  dissolves 
out  a quantity  of  sulphophosphite,  phosphate  and  carbonate  of  sodium,  while  a red 
powder  is  left  behind.  This  is  to  be  well  washed  with  cold  water  preriout.Iy  freid 
from  air  by  boiling,  and  then  left  to  dry  on  the  filter  placed  upon  filtering  paper  to 
absorb  the  moisture.  The  powder  thus  obtained  is  the  hemisulphide  of  pLu^homs. 
To  insure  success  in  the  preparation,  it  is  necessary  to  use  the  exact  proportions  of 
alkali  and  sulphide  of  pnosphorus  required,  and  to  avoid  the  application  of  too  great 
a heat.  If  the  quantity  of  protosulphi de  is  too  small,  phosphorus  is  set  frei‘ ; and  when 
it  is  too  great,  other  r»*d  compounds  ais*  produced  containing  less  phosphorus.  If  the 
temperature  rises  too  high,  the  mass  blackens  without  fusing;  the  phosphorus  riniuces 
the  carbonic  aci4l,  and  a quantity  of  charcoal  is  obtained,  impregnated  with  phos- 
phorus and  mixed  with  phosphate,  metaphosphate,  and  persulphide  of  sodium. 

Ked  subsulphido  of  phosphorus  is  a crystullinu  opaque  t^wder  of  a beautiful 
de^'p  vcrmillion-colcur.  It  has  neither  taste  nor  smell.  Heated  in  a small  dis- 
tillatory apparatus  filled  with  hydrogen  gas,  it  volatilist^  without  fusing,  and  con- 
denses in  the  receiver  as  culourU'sa  liquid  subsulphide,  but  this  change  docs  not  take 
place  till  the  temperature  is  raised  above  the  boiling  point  of  the  latter.  Pure  nitric 
acid  of  density  122  has  no  action  on  this  compuuna  at  first;  but,  after  a certain  time, 
the  subsulphulo  dissolves  suddenly  and  with  great  violence.  By  less  concentrated 
nitric  acid,  it  is  not  attacked  writhout  the  aid  of  heat. 

FrotoatUpliUle«  P^S. — Sulnhohtfpopho9j>horic  acid.  Htfpoftdjxdephofnhoriqu^.  Un- 
tfrphrmphirigcB  Stdjid.  Phoaphorguffur.  a.  Colourless  liqu id  modif ical ton. — 
Prepart'd  by  fusing  togi'ther  one  atom  of  sulphur  and  two  atoms  of  phosphorus,  in  the 
aame  manner  as  in  the  pre^Niration  of  the  subsulphide. 

It  is  a transparent,  yellow,  strongly  refmetive  liquid,  not  very  mobile ; has  a strong 
and  repulsive  oflour,  recalling  that  of  phosphorous  acid  and  of  chloride  of  sulphur. 
It  may  be  distilled  without  alteration  in  un  atmosphere  free  from  oxygen.  It  is 
colourless  in  the  gaseous  state.  At  a ciTtain  numl>cr  of  degrees  below  0^  it  solidi- 
fies and  forms  a colourless  mass  of  small  interlaced  crystals;  but  its  crystallising 
point  is  low'er  than  that  of  the  subsulphide.  It  fumes  in  the  air  and  is  luminous  in  the 
dark ; likewise  emits  light  when  vaporised  in  nitrogen  or  hydrogen  gas  frc«’  from 
oxygen.  It  adheres  strongly  to  dry  solid  boilii*s:  if  a small  quantity  of  it  gets  attach(*d 
to  the  fingers,  it  cannot  be  removed  by  water,  even  with  the  aid  of  soap,  unl«^th«» 
skin  be  previously  rubboil  with  oil.  It  takes  fire  easily  in  the  air  at  a slightly  elevated 
temperature,  burning  with  a bright  flame,  like  that  of  phosphorus,  and  emitting  a 
thick  smoke.  It  docs  not  take  fire  spontaneously  whi-n  a drop  of  it  is  let  fall  on  a 
solid  body;  but  when  absorbed  by  a porous  body  and  exposed  to  the  air,  it  soon 
becomes  heated  and  takes  fire. 

Dfcompogitions. — 1.  When  protosulphide  of  phosphorus  evaporates  slowly  in  a con- 
fined space  (as  a bell-jar)  filled  with  moist  air,  which  is  slowly  but  continually  renewed, 
it  is  convertod  by  oxidation  into  sulphuric  and  phosphoric  acids,  which  are  deposited 
in  the  form  of  aqueous  solution  on  the  sides  of  the  vensel-and  around  the  liquid  itself.— 

2.  In  a limited  atmosphere  of  dry*  air  slowly  and  continually  renewed  (as  in  a glass  tube 
imperfectly  closed  by  a cork)  it  is  gradually*  converted,  in  the  course  of  three  weeks,  into 
phosphorous  anhydride,  M*bich  forms  a white  mass  in  the  upper  part  of  the  tul>e,  and 
takc-s  fire  on  n moving  the  cork, — p4*rsulphide  of  phosphorus  (p.  6ti5),  which  crystallises 
at  the  bottom  of  the  liquid, — and  a brown  substance,  which  collects  on  the  side."*  of  the 
tube,  in  a layer  of  continually  increasing  thickness,  and  is  resolved  by  digestion  in 
water,  into  phosphoric  and  sulphuric  acids,  and  hydrati-d  suboxide  of  phosphorus. — 

3.  riacf'd  in  a tube  imperfectly  closed  by  a c<jrk,  and  heatotl  in  a sand-bath,  it  is  con- 
verted into  a white,  spontaneously  tnfi.’immable  mass,  consisting,  for  the  most  pjirt,  of 
phosphorous  anhydride. — 4.  Wafer  has  but  very  little  action  on  this  liquid.  Under 
de-aemted  water  it  may  l>e  kept  almost  unchanged ; in  water  containing  air  it  emits 
after  a while  the  odour  of  Hulj>hy<lric  acid,  and  dcjiosits  finely  divided  sulphur. — 5.  With 
filcohid,  t(h»‘r,  and  oi7s,  both  and  volatile,  it  behaves  like  the  sabsulphide. — 6.  It 
i.H  decompos^Hl  by  digestion  with  eaustic  alkalig,  the  pixxlucts  l>eing  a phosphate,  sul- 
phydnile,  mid  jwly'suiphide  of  the  nlkali-inetal.--7.  When  it  is  heated  gently  in  contiu-t 
with  a mf  taUic  gtdphidc  in  an  atmosphere  free  from  oxygen,  great  heal  is  evolved,  and 
a considerable  ji«)rtion  of  the  liquid  distils  over  with  almost  explwive  violence:  at  the 
same  time  a MilpliobyjMiphosphile  of  the  metal  is  produced  in  which  the  sulphide  of 
phoi<ph<>rub  exists  in  the  red  modilication.  — 8.  (>n  digesting  this  compound  with 
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metallic  solutions,  sulphides  of  the  metal  containing  variable  quantities  of  sulphohrpo- 
sulphite  are  slowly  deposited,  the  variation  in  the  results  arising  from  oxidation  of  the 
phosphorus  at  the  expeuse  of  the  metallic  solution,  the  quantity  thus  oxidised  depending 
upon  the  temperature  and  the  concentration  of  the  solution.  From  solntions  of  easily 
reducible  metals,  such  as  silvrr^  nothing  but  a sulphide  of  the  metal  is  precipitated. 
Copprr  gives  a precipitate  of  sulpholiypophosphite.  With  ammoniacal  solution  of 
cuprous  chloride^  a dark-red  precipitate  is  obtained,  resembling  cuprous  oxide. 

/3.  Ked  Modification.  Obtained  by  decomposing  sulphohypophosphite  of  man- 
ganese with  hydrochloric  acid: 

Mn'’S.P*S  + 2Ea  « Mn"Cl*  + H»3  -*•  P*S. 

It  is  an  orange-coloured  powder,  inclining  to  yellow,  tasteless  and  inodorous ; 
unalterable  l>otli  in  air  and  water.  By  dry  distillation  it  is  converted  into  the  liquid 
protosulpliide,  without  prenous  fusion.  It  assumes  a darker  colour  when  heated,  but 
regains  its  original  tint  on  cooling.  Takes  fire  in  the  air  at  a temperature  near  lOU^^ 
and  bums  with  a very  briglit  flame,  emitting  a thick  smoke. 

When  it  is  digested  in  excess  of  strong  caustic  pidash  at  ordinary  temperatures, 
phosphoretted  hydrogen  gas  of  the  less  inflammable  variety  is  di^engagid,  and  the 
alkali  dissolves  small  quantities  of  phosphoric  acid  and  trisulphide  of  phosphorus.  On 
the  application  of  heat,  the  wliolo  is  dissolved,  yielding  the  same  products  as  the  liquid 
modification  (p.  600).  Caustic  ammonia  dissolves  it,  but  not  without  great  difficulty, 
forming  a yellow  solution. 

Sulphohppovhosphitfs^  M*S.P*S  or  MPS.— Protosulphide  of  phosphorus  unites 
with  metallic  sulphides,  forming  compounds  analcwoua  to  the  seieniohypophosphites 
(p.  598).  They  may  be  formed,  as  above  mentioned,  either  by  precipitation  or  in  the 
dry  way ; but  the  latter  method  aflfords  much  purer  pr^ucts  than  the  former. 

Cupric  so/f,  Cu"l**S*  ■■  Cu"S.P^.— To  prepare  this  compound,precipitated  sulphide  of 
copper,  dried  by  gentle  heating  in  a stream  of  sulphydric  acid  gas,  is  moistened  with  liquid 
protosulphide  of  phosphorus  in  a tube  having  two  bulbs  blown  on  it.  On  applying  a 
gentle  beat,  combination  takes  place  attended  with  great  rise  of  temperature,  and  the 
grc'Hter  part  ofthe  exces.<:  of  protosulphidedistUs  off : the  rest  may  be  expelled  by  a gentle 
heat.  The  remaining  cupric  sulphobypophosphite  is  a black-brown  mass  yielding  a 
lighter  powder  by  trituration,  and  usually  containing  a little  admixed  sulphide  of  copper. 
Itdissolves  slightly  in  boiling  hydrochloric  acid,  and  is  oxidised  and  dissolved  by  nitru- 
mnriatic  acid.  By  distillation,  it  gives  off  a small  quantity  of  liquid  protosulphide  of 
^ phosphorus,  then,  at  an  incipient  heat,  a sulphiile  of  phosphorus  containing  a largo 
proportion  of  sulphur,  leaving  liver-coloured  cuprous  sulphoh^pophosphi te, 
Cu^.F*S  or  CuPS.  Tins  latter  compound  cannot  be  obtained  by  direct  combination 
in  the  dry  way.  It  is  produced,  however,  by  the  action  of  the  liquid  protosulphide  on 
an  ammoniacal  solution  of  cuprons  chloride.  It  is  not  altered  by  gentle  ignition  in  u 
close  vessel ; but  when  heated  in  contact  with  the  air,  it  bums  without  flame,  giving 
off  sulphurous  anhydride. 

Ferrous  saft,  Fe'S-P'S  — Fe"F^. — Prepared  in  the  same  manner  as  the  cupric 
Balt,  using  artificially  prepared  sulphide  of  iron  in  the  state  of  fine  powder.  It  is 
a coal-black  powder  genemtUy  containing  a little  sulphophospbite  of  iron. 

^fang(nlous  salt,  Mn‘’P*3^  «»  Mn"S.I^3. — Prepared  like  the  copper-salt.  It  is  green, 
lighter  than  m.mganuus  sidpliidc,  is  completely  decomposed  by  dry  distillation,  and 
bums  in  the  air  with  a strong  phosphorus-flame.  It  is  decomposed  by  boiling 
hydrochloric  acid,  manganous  sulphide  dissolving,  and  prolosalphide  of  phosphorus 
remaining  in  the  red  modification. 

Mercuric  salt,  Hg”S.P*S. — Finely  divided  cinnabar  unites  at  a gentle  heat  with 
protosulphide  of  phosphorus,  and  after  the  cxct'ss  of  the  latter  has  been  removed  by 
distillation  in  a stream  of  hydrogen,  then?  remains  a din^  red  mass,  yielding  a yellow 
powder.  It  is  easily  dei-ompostHi  by  a stronger  heat,  witMiberation  of  metallic  mercuiy 
and  formation  of  a yellowish-white  powder  (p.  603).  A basic  salt,  is 

obtained  by  heating  mercuric  siilphophosphite  (p.  603)  in  a retort. 

Silrrr-s^t,  Agl*8  or  Ag*S.l’*S. — Formed  when  spongy  silver  (obtained  by  reducing 
the  chloride  with  silver  in  the  wet  way,  exhausting  the  mass  with  cold  hydrochloric 
ufid,  an<l  washing  with  wafer)  is  treated  with  protosulphide  of  phosphorus  at  a gentle 
heat.  Combination  then  takes  place  with  some  violence,  and  sulphoh^'pophosphite  of 
silver  isfonue<l,  together  with  a higher  suljdnde  of  phosphorus,  which  must  be  removed 
by  distillation  in  a stream  of  hydrogen.  The  silver-sulnhohypophosphite  may  also  be 
obtaiiunl,  mixed  with  u large  quantity  of  silver-sulphide,  by  wanning  the  latter,  r**cently 
precipitateti,  wifli  liquid  protosulphide  of  phosphorus,  and  treating  the  mixture  with 
warm  Jiitrie  ;ioid.  which  dissolves  only  the  uncombined  sulphide  <jf  silver.  I'he  com- 
pound is  black,  but  yields  by  tritunition  a dark  brown  powder  with  a tinge  of  violet. 
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Bjr  dry  distilliition  it  beoomed  semifluid  and  swells  up  strongly,  the  sulphide  of  phos- 
phorus passing  over  and  the  sulphide  of  silver  remaining.  The  compound  is  soffcely 
attaeked  by  hot  nitric  acid. 

Tritosulphide  of  Phosphorus,  P*S. — This  substance,  which  maybe  regarded 
US  a compound  of  the  hemi- and  proto-sulphides,  (P*S  + « 2PV)  is  prepared  as 

follows.  Precipitated  sulphide  of  zinc  is  treated  with  liquid  prolosulphiae  of  phos- 
phoms.  as  in  the  preparation  of  sulphohypophosphite  of  copper,  whereby  it  is  con- 
verted, first  into  yellow  sulpbohypophospnite  ot  zinc,  and  afterwards  into  a red 
compound  consisting  of  (Zn*S.P*S).(Zn'*S.P*S) ; and  on  treating  this  compound  with 
strong  hydrocliloric  acid,  sulphide  of  zinc  disMlves,  and  tlie  tritosulphide  of  phos- 
phorus remains  in  the  form  of  a bright  red  powder,  tasteless,  inodorous,  and  permanent 
in  the  air.  It  takes  fire  at  about  50®,  burning  with  a pliosphorus-fiame.  ^V^len  »ub- 
mitti*<l  to  dry  distillation,  it  first  turns  black,  then  distils  without  previous  fusion  ; the 
distillate  contains  the  two  liquid  sulphides  P^S  and  P*S,  perhaps  combined  with  one 
another.  Cold  potash-ley  decomposes  the  compound,  with  evoluliou  of  the  h^ss  in- 
flammable variety  of  pbosphorelt^  hydrogen. 

SesqaUnlplUde  of  Phospboros,  P*S*. — This  compound  Is  produced  by  heating 
1 at.  sulphur  with  2 or  more  atoms  of  amorphous  phosphorus,  and  may  be  freed  from  ex- 
cess of  the  latter  by  solution  in  sulphide  of  carbon,  whence  it  crystallises  in  yellow  right 
rhombic  prisms  of  81®  30'.  It  melts  at  142®  to  a reddish  mass,  and  sublimes  at  260®  in 
forms  belonging  to  the  regular  system  : hence  it  is  dimorphous.  It  is  more  soluble  in 
sulphide  of  carbon  than  sulphur;  slightly  soluble  in  trichloride  and  sulpboohloride  of 
phosphorus;  di-ssolres  also,  but  with  decomposition,  in  alcohol  and  ether.  It  is  perma- 
nent in  the  air  at  ordinary  temperatures,  and  in  cold  water,  and  is  but  slowly  decomposed 
by  hot  water.  Heated  in  the  air  to  about  100®  it  takes  fire.  It  dissolves  in  cold  dilota 
nitric  acid,  leaving  a little  sulphur;  completely  in  nitromuriatic  acid  and  in  chlorine- 
water.  It  dissolves  in  sulphide  of  potassium  or  sodium,  probably  forming  definite 
compounds.  It  is  decomposed  by  aqueous  potash,  giving  off  hydiv^n  and  phosphoretted 
hydrogen,  and  forming  sulphide  and  phoepliite  of  potassium.  Heated  to  200®  with 
hydrate  of  lead  it  forms  sulphide  of  lead.  (G.  Lemoine,  Bull.  Soc.  Chim.  1864,  [1]  407.) 

TrUnlpbtde  of  Fbospborua,  V^.^SHlphophosphorous  acid.  Phosphorous 
suiphide.  Sulfide  phosphoreux.  Phosphorsulfid. — Discovered  by  Sorullas,  who  ob- 
tained it  by  tlio  action  of  sulphydric  acid  on  trichloride  of  phosphorus,  but  did  not 
further  examine  it.  Berzelius  prepared  it  by  the  following  methods:  1.  Ited  proto- 
sulphide of  pha'tphonis  is  mixed  with  the  quantity  of  sulphur  required  to  convert  it 
into  the  trisuipbide  (1  at.  P’S  to  2 at.  S),  and  the  mixture  is  heated  in  a small  retort. 
The  heat  evolved  at  the  moment  of  combination  is  so  great,  that  a small  portion  of  the 
muss  is  volatilised  with  violence.  The  whole  then  fuses  uniformly,  and  ultimately 
sublimes  in  the  form  of  a transparent  ciystalline  substance  of  a pale  lemon-yellow 
colour.  If  the  distillation  be  interrupted  before  the  whole  is  volatilised,  the  un- 
sublimcd  portion  retains  a reddish  colour  while  hot,  but  on  cooling  acquires  the  same 
Colour  as  the  sublimed  portiou. — 2.  One  atom  of  sulphohypophosphite  of  manganese  is 
intimately  mixed  with  2 atoms  of  sulpliur,  and  the  mixture  heated  in  a small  retprt  in 
an  atmosphere  free  from  oxygen,  till  nothing  but  protosulphide  of  manganese  remains: 
trisulphide  of  phosphorus  is  then  obtained  in  the  form  of  a sublimate  : 

Mn-S.P’S  -I-  S’  - Md"S  -f  P’S*. 

If  a sulphohypophosphite  be  employed,  the  base  of  which  does  not  so  readily  give 
up  its  sulphur-acid— the  silver-salt  for  example— only  half  of  the  trisulphide  of 
phosphorus  sublimes,  while  the  rest  rc'mains  in  combination,  in  the  form  of  sulpbo- 
pliosphite  of  silver. 

Kekul6  (Ann.  Cb.  Pharm.  xc.  310)  prepares  this  compound  by  carefully  fusing 
amorphous  phosphorus  with  the  requisite  quantity  of  sulphur  in  an  atmosphere  of 
carlKinie  anhydride;  combination  then  takes  place  without  explosion,  but  nevertheless 
w ilh  grwit  rise  of  tempeniture,  so  that  port  of  tlie  product  is  sublimed. 

Trisulphide  of  phosphorus  is  a solid  substance,  of  a pale  yellow  colour.  After  fusion 
or  sublimation,  it  remains  S4jft,  like  plastic  sulphur,  and  does  not  become  opaque  till  it 
liardens.  It  melts  at  200®  (licmoine)  and  sublimes  at  a temperature  below  the  sublim- 
ing point  of  sulphur.  When  heated  in  the  air,  it  bams  with  a whitish-yellow  flame,  and 
diffuses  a thick  smoke.  In  moist  air,  it  decomposes  rapidly,  becoming  white  and  assum- 
ing an  acid  reaction,  in  consequence  of  the  formation  of  phosphoric  acid  : at  the  aanio 
time  it  acquires  a bitter  and  hepatic  taste.  This  d<*composition  in  the  air  takes  place 
so  rapidly  that  the  substance  can  only  bo  presened  in  vessels  hermetically  sealed. 
The  un.'iublimed  re<ldish  trisuipbide  decomposes  in  the  same  way. 

Trisulphide  of  phosphorus  is  rapidly  dissolved  by  the  fixed  caustic  alkalis  and  by 
ammonia.  The  solutions  have  a pale  yellow  colour,  and  when  treated  with  acids  yield 
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a light,  flocculont,  and  nearly  white  precipitate,  which  down  etuwly,  and  has  a palo 
yellow  colour  when  collected  in  a mass:  this  precipitate  may  be  washed  and  dned. 
Trisu]phi<le  of  phosphorus  in  this  state  is  less  rapidly  decomposed  by  exposure  to  the 
air  than  that  which  has  been  fhsed  or  sublimed.  It  is  uncertain  whether  the  difTerenco 
thus  pro<lucM  bv  the  influenc«^  of  un  alkali  depends  upon  an  isomeric  modiheation. 
Tnsiilphide  of  phosphorus  is  easily  dissolved  in  the  cold  by  carbonate  of  potassium  or 
sodium,  but  deposits  sulphur  at  the  same  time^a  proof  that  decomposition  takea 
plac<‘. 

8ulphopho»phitfs. — 1 atom  of  trisulphide  of  phosphorus  unites  with  2 atoms  of 
a metmlic  protosulphide,  forming  salts  having  the  composition  2M'^S.P*S*  » M*P*S* 

and  2M'S.P*S* « M*P*S‘,  according  to  the  lUoiuicitv  of  the  metal.  These  compounds  aro 
produced,  together  with  free  trisulphide  of  phosphorus,  by  triturating  the  correspond* 
ing  sulphohypophusphites  with  the  requisite  quantity  of  sulphur: 

2(M»S.P»S)  + S*  = 2M=S.P-S»  + 

They  are  also  formed  by  heating  protosulphido  of  phosphorus  with  metallic  poly* 
sulphides,  just  as  certain  lower  oxides  of  metalloids  are  couverted  by  heating  with 
metallic  peroxides  into  higher  oxides  of  an  acid  character,  which  then  unite  with  the 
bases  formed  by  reduction  of  the  peroxides.  Mauy  sulphophosphites  are  decomposed 
by  beat,  giving  off  trisulphide  of  phosphorus,  and  leaving  the  metallic  sulphide. 

Cupric  Sulphophospkitf^  Ca*P*S*  -»  2Cu"S.P*R*. — Produced  by  precipitating  an 
ammoniacal  solution  of  cupric  sulphate  with  soda-lirer  of  sulphur,  and  bating  the 
washed  precipitate  (CuS*),  after  drying  in  vacuo,  with  liquid  protosulphide  of  phos* 
phorus.  Combination  then  takes  place,  attended  with  evolution  of  heat,  and  the  excess 
of  protosulphide  may  bo  exwllcd  in  a stream  of  hydrogen.  The  cupric  sulphophos- 
phite  then  remains  as  a dark  yellow  powder  which  burns  with  a phosphorus-flame 
when  heated  in  the  air.  When  subjected  to  dry  distillation,  it  givesoff  sulphur  and  leaves 
a dark  brown  basic  cuprous  sulphohypophosphite,  2Cn*S.P*S. 

Ferrouc  Sulpht^hosphiir^  Fc**P*S*  — 2Fe"S.P*S*. — Obtained  by  moistening  finely 
divided  iron  pyrites  (FeS*)  in  a bulb-apparatus  with  liquid  protosulphide  of  phos- 
phorus, and  applying  a gentle  heat.  After  the  excess  of  the  protosulphide  has  distilled 
off,  the  sttlphophos^itc  remains  as  a dark  yellow  mass,  having  a faint  metallic  lustre. 
It  dissolves  in  boiling  hydrochloric  acid,  and  decomposes  in  contact  with  moist  air,  emit- 
ting the  odour  of  suipbydric  acid.  By  dry  distillution  it  gives  off  sulphur,  and  leaves 
the  black-brown  compound,  2Fe"S.I**S. 

Mercuric  SidpXopkocpkUft  HgT”S*  — 2Hb"S.P*S*. — Produced  by  heating  the  cor- 
responding Buiphonjpophoephite  in  a retort  having  its  neck  closed  by  u cor^  to  about 
the  boiling  point  of  sulphur.  A black  mass  then  sublimes,  containing  numerous 
globules  of  mercury,  and  mercuric  snlphophosphite  remains,  as  a yellowish-white  mass, 
which  at  a higher  temperature  is  resolved  into  basic  mercuric  sulphohypophosphite  and 
mercuric  sulphophospbate : 

2(2Hg"S.P*S*)  - 2Hg"S.I«S  + 2Hg“S.P*S\ 

StdphopkocphiU  of  5i/wr,  Ag*P^*  » 2Ag^.P*S*. — Produced  by  heating  finely 
divid^  silver  with  pbospherus  and  sulphur  in  an  atmosphere  of  hydrogen,  the  combi- 
nation taking  place  with  great  violence.  The  product  after  being  heated  forms  a gre^ 
lump,  yielding  a light  yellow  powder.  Nitric  acid  decomposes  it  easily,  and  dissolves  it 
without  separation  of  sulphur. 

Ventasalplllde  of  Fbosphoras,  — Sul phovhocphoric  acid.  Phosphoric  Sul^ 

phide.  Sulfide  phosphorique.  Ph'ephorspcrsidfid. — This  compound,  analogous  to  phos- 
phoric oxide  or  anhydride,  is  prouuc**d  : 1.  By  direct  combination,  when  sulphur  and 
phosphorus  are  heaited  together  above  100®  in  an  atmosphere  free  from  oxygen.  With 
onliaary  phosphorus  the  combination  is  attendi  d with  a very  violent  and  dangerous 
explosion,  but  when  amorphous  phosphorus  is  uskI,  no  explosion  takes  place,  though 
lieat  is  evolved. — 2.  By  heutiug  1 at.  solid  protosulphide  of  phosphorus  with  4 at, 
sulphur,  in  an  atmo»pher»»  free  from  oxygen.  The  act  of  combination  is  at  fondl'd  with 
u sudden  disengagement  of  heat,  by  which  a portion  of  the  substance  is  rapidly  sublimed ; 
but  there  is  no  explosion  or  production  of  light. — 3.  When  I at.  Milphohypophosphito 
of  manganese  is  heated  with  4 at.  sulphur,  tho  pentasulphide  sublimes  at  a gentle  neat, 
leaving  protosulphide  of  manganese.  Sulphohypophosphite  of  silver  heated  with  4 at. 
sulphur  yields  sulphophosphato  of  silver,  while  half  of  the  pimta-sulphide  of  phos- 
]»horu8  sublimes. — 4.  Pentasulphidc  of  phosphorus  is  likewise  formed  when  the 
liquid  piotosulphide  is  hcatid  in  a current  of  &ulphydric  acid  gas.  A pale  liquid  distils 
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over,  which  in  n solution  of  the  pcntu.«nlphide  in  the  liqaid  protosulphide,  and  yields  a 
sniiill  quantity  of  the  fornu-T  incrj'stulline  scales. 

Pentasul)>hide  of  pho^^phonis  is  of  a pale  yellow  colour,  like  the  trisuiphide,  but 
ciy'stallises.  When  it  is  sublimed  rery  slowly  and  in  such  a manner  that  it  can  form 
isolated  crystals,  these  crjsfals  are  transparent,  and  appt'ar  perfectly  colourh'ss  when 
tliin : their  fac«t*  are  deeply  striated.  ^Tien  the  liquid  pentusulphide  is  distilled,  it 
assumes  a ciyMallino  form  in  solidifyiu};,  aud  is  then  easily  detached  from  the  glass. 
When  Bolidifi*^!  by  sudden  cooling,  it  does  not  ciystallise,  but  forms  a mass,somftimes 
yellow  and  transparent,  sometimes  whitish  and  opaque.  When  obtained  by  fusion  from 
the  rod  protosulphide  of  phosphorus,  it  does  not  crystallise  on  cooling,  unless  it  K? 
first  8ublinie<l.  After  being  fused  and  heated  to  the  lK>iling  point,  it  has  a deeper 
colour,  like  that  of  sulphur.  Its  boiling  ^>oiut  is  higher  than  that  of  sulphur,  and  the 
colour  of  its  vajx)ur  is  a less  intense  yellow  tlian  that  of  sulphur  vajK»ur.  When  heated 
in  the  air,  it  bums  with  a pale  phosphoric  flame,  and  diffuses  a largequantity  of  smoke. 
In  moist  air,  it  is  decomposed  almost  ns  ca.nily  as  the  trisulphide,  and  transformed 
into  a white  mass  impn’gnsted  with  phosphoric  acid, 

Sulpkophoiphates.  Pentasulphide  of  phosphorus  dissolres  in  caustic  alkalis 
and  in  ammonia,  forming  pale-yelluw  solutions,  from  which  acids  precipitate  sulphur 
with  abundant  evolution  of  sulphydric  acid.  It  appears  us  if  no  alkaline  sulphophos* 
phate  could  exist  in  contact  with  water.  The  carl>onut<*8  of  potassium  and  sodium 
slowly  dissolve  the  pentasulphide  in  the  cold,  producing  at  the  same  time  an  abundant 
deposit  of  flakes  of  sulphur.  On  heating  the  liquid  to  about  60^,  the  sulphide  of 
phosphorus  dissolves  with  violence,  and  inodorous  carbonic  anhydride  is  evolvid : no 
de^HMjition  of  sulphur  takes  place.  When  boiled,  the  liquid  evolves  carbonic  anhydride 
und  sulphydric  acid  gases  together. 

Sti///fnpht}jtpkate  of  po(a^»ium  is  obtained  in  the  dry  way,  mixed  with  trisulphide  of 
pbosj>l»orus,  hy  piissing  pbosphor<*tted  hydrogen  over  the  heated  compound  K*S* 
(H.  t iose).  The  colourless  salt  tlius  produced  is  soluble  in  water,  but  is  decompc^tsl 
thereby,  yielding  sulphydric  acid  and  phosphate  of  potassium. 

The  neutral  sulphophosphates  of  the  heavy  metals  have  the  composition 
2M“S.1^8*  analogous  to  that  of  the  pyrophosphates.  They  are  producrnl  by  heating 
basic  sul|ihohypophosphile8  with  the  corresponding  quantity  of  sulphur:  2M'\S.I”S  + 
,S*  as  2M"S  I^.S\  When  heated  they  behave  like  tho  sulphopnosphiti's,  many  of 
them  giving  off  undecomjK>sed  pentasulphide  of  phosphorus,  and  leaving  a pure  metallic 
sulphide:  e.  ff.  the  zinc,  manganous  and  ferrous  suits;  others  are  deeompos<'d  by  heat 
into  sulphur  und  a resitluo  of  sulphobypopbospliito  Tho  sulphophosplmtes  ar»*  per- 
manent  in  dry  air,  but  in  moist  air  they  exhale  the  otlour  of  sulphydric  acid.  When 
heateel  in  the  air,  they  bum  with  a phosphorus>flame ; but  few  of  them  have  been 
specially  examined. 

The  cupric  tall  Cu*P*S’,  obtained  by  gently  heating  the  compound  2Cu*S.P*S  with 
4 at.  sulphur,  has  n pale  yellow  colour;  but  if  too  strong  a heat  has  been  applied  in 
its  preparation,  part  of  the  phosphoric  sulphide  goes  off  and  a basic  Bulphopho^phato 

Cu*I^*.6Cu*'S  remains  behind. 

The  mfrcuric  snU  is  obtained  by  the  dry  distillation  of  mercuric  sulphohypophos- 
phito  or  sulphophonphite.  The  former,  if  somewhat  strongly  heated  in  a retort,  first 
gives  off  metallic  mercury,  and  then  yields  mercuric  sulphophosphite,  which  sublimes 
in  tran»par<*nt,  highly  lustrous,  pale  yellow  m'cdles.  If  on  the  other  hand  thesulpho- 
liVj>o[»hosphite  be  very  gently  heated  for  a considerable  time,  so  that  mercuric  sulpho^ 
pliosphite  may  be  first  formed,  and  this  salt  be  then  heated  to  sublimation,  a subli* 
mate  of  pure  mercuric  sulphophosphate  is  obtaintsl  in  red  shining  crystals  very  much 
like  cinnabar,  but  of  somewhat  lighter  colour  and  yielding  a brown-yellow  powder. 

Alcoholic  Sulphophosphates, — A triethylic  sulphophosphate.  (C*H*)*PS*  » 
anab^ous  in  composition,  not  to  tlie  pyrophosphates,  but  to  the  normal 
orthopluwphates,  1ms  been  already  described  (p.  593). 

Sulpboxypboapbate*.  M*PSO>  or  3M*0.r”S*0*  and  M*P*S>0»  « 

(Wurtz,  Aim.  Ch.  Phys.  [3]  xx,  472).^Sulphoxyphosphate  of  sodiiun  is  obtained  by 
the  action  of  caustic  scala-solution  on  phosphoric  sulphochloride : 

PSCl*  + 6XaHO  - X;I*PSO>  + SNaCT  + 3H»0. 

Wl»en  the  materials  are  put  into  a retort,  and  subjected  to  the  heat  of  a water-bath, 
ebullition  tak<'S  pluct*,  aud  part  of  the  sulphochloride  distils  over  into  tho  receiver;  and 
when  the  whole  of  the  sulphochloride  has  disappeared,  and  thi^  liquid  is  allowed  to 
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tool,  it  gononilty  forms  into  a solid  crystalline  mass:  tliis  is  to  l>e  drained,  and  the 
crystals  purified  by  repeated  s.dution  in  wafer  and  crystaliisatiun.  The  soda  must  bo 
in  exceos,  because  the  free  acid  in  solution  is  readily  decomposed  into  phosphoric  and 
Bulpbydric  acids : 

IPPSO*  + H’O  = H’S  + UTO'. 

Sulphoxyphosphnte  of  sodium  is  readily  soluble  in  boiling  water,  and  crystallises  on 
cooling  in  brilliant  six-sided  tables.  The  solution  lias  a strong  alkaline  n^ction. 
Clilorine,  bromine,  and  iodine  decomjKwe  it  immediately,  with  separation  of  sulphur 
and  formation  of  disodic  orthophosphate.  The  weakest  acids  added  to  the  solution 
libemte  sulnhoxyphosphoric  acid,  which  is  immediately  decomposed  on  Iwiling. 

The  sulpnoxyphosphates  of  barium,  strontium,  and  calcium  are  insoluble ; the  vickrl- 
and  cobalt'SaUs  turn  black  on  boiling;  the  lead-salt  is  white  when  newly  formed,  but 
turns  black  in  a few  hours  from  stmaration  of  lead-sulphide. 

Eihyl-sulphoxyphoiephoric  or  Etnyl-sulphophosphtyric  acid,  (C*H‘)H*PSO*  produced 
by  the  action  of  alcoholic  potash  or  so<la  on  phosphoric  sulphochloride  (Cloez),  and 
difthyl-sulphophosphoric  acid,  (C*H*)'I1PS0*,  by  the  action  of  pentasiilphide  of  phos- 
phorus on  alcohol  (Cnrius),  have  b«‘cn  already  described  under  phosphtric  eth*rs; 
also  certain  ethyl-phosphoric  etliers  in  which  2 at.  oxygen  are  iv-plaewi  by  sulphur 
(pp.  691-693). 

Fertttlpblde  of  Photpbonui.  This  compound,  which  may  l>e  obtained  by  direct 
combination  of  its  elements,  was  first  recognised  by  Dupr^,  who  a«>*igned  to  it  tho 
formula  Berzelius  afterwards  gure  the  formula  P-S'*.  Thecauseof  this  great 

difference  has  not  been  ascertainecL 

When  1 pt.  phosphorus  is  fused  with  1 pt.  or  more  of  sulphur,  tho  m.Ts.s  separates 
on  cooling  into  liquid  protoaulphide  and  crystals  of  the  persulphide.  The  best  mode 
of  obtaining  the  persulphide  regularly  crystallised  is  to  dissolve  1 atom  of  sulphur  in 
1 atom  of  liquid  protosulphide  of  phosphorus  by  the  heat  of  a water-bath.  an«l  then  leave 
tho  vessel,  carefully  closed,  to  cool  in  the  bath.  The  crystals  thus  obtainetl  art*  few  in 
number,  but  of  considerable  size,  yellow  and  shining,  and  frequently  pn*sent  numerous 
fiicets,  like  those  of  native  sulphur.  Some  are  cleuvuble  in  the  direction  of  tho  lamime. 
They  are  impregnated  with  protosulphide  of  pliosphoras,  which  adheres  to  them 
obstinately,  and  causes  them  to  emit  slight  fumes  from  the  surface  of  a n'cent  fructurt*. 
To  free  the  crystals  from  the  protosulphide,  they  must  he  drietl,  reduced  to  small 
pio<H*8,  and  placed  between  folds  of  bibulous  paper  uudor  a bell-jar,  and  by  the  side  of 
a small  dish  containing  water,  the  edge  of  the  bell-jar  being  slightly  raised  by  tlio 
insertion  of  a small  piece  of  wood  to  allow  of  the  renewal  of  the  air  within  iU  In  this 
manner,  tho  protosulphide  adhering  to  the  ciy  stals  is  converted  into  pliosphoric  acid, 
sulphuric  acid,  and  persulphide  of  phosphorus.  Some  time  elaiws  before  the  chango 
is  complete ; but  sconer  or  later  the  odour  of  the  protosulphido  disappears  entirely.  The 
crystals  are  then  to  be  washed  and  dried  over  oil  of  vitriol 

The  oystals  thus  obtained  may  be  exposed  to  tho  air  for  a long  time,  without  dimi- 
nution of  the  lustre  of  the  crystalline  facets ; but  after  a while,  they  nxlden  lilinus 
paper  when  placed  upon  it.  In  a stoppered  bottle  filled  with  dry  air  they  may  be 
preserved  for  any  length  of  time  without  alteration.  They  fuse  at  a tenjperature  near 
the  melting  point  of  sulphur,  aud  then  distil  over  without  sepivration  of  protosulphide 
of  phosphorus.  The  distilled  product  does  not  crystallise,  but  remains  soft  long  after 
cooling.  If  the  persulphide,  when  subjected  to  distillation,  is  not  quite  fn-c  from  pro- 
tosulphide,  an  explosion  takes  place  on  the  application  of  heat,  arising  from  the  forma- 
tion of  pentasulphide. 

The  persulphide  dissolves  in  caustic  alkalis,  I'chaving  like  a mixture  of  sulphur  and 
protosulphide  of  phosphorus,  and  forming  phosphate,  hyposulphite,  and  persiilphid*  of 
the  alkali  metal  By  fusion  at  a gentle  beat,  it  may  bt^  made  to  take  up  an  additional 
quantity  of  sulphur.  (Berzelius.) 

PBOSPBO&irs.  StrX.PBOBBO»IXDB  OP.  Pl^Br*.  (Baudrimont,  Bull. 
Soc.  Chim.  1861,  p.  118.) — l*roduced:  1.  By  the  action  of  dry  sulphydric  acid  gas  on 
the  pentabromidc: 

TBr*  H-S  = PSBr*  + 2HBr. 

2,  By  distilling  a mixture  of  pentabromide  of  phosphorus  and  sulphide  of  antimony: 

3PBr*  + Sb*S*  - 3PSBr*  2Sl)Br*. 

3.  By  direct  combination  of  1 at.  tribromide  of  phosphorus  with  1 at.  sulphur. 

It  is  a solid,  yellowish,  very  dense  mass,  which  fumes  in  the  air,  has  a nauseating 
odour,  is  partially  decompo®^  by  heat,  and  slowly  but  completely  by  water. 
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raOSFBOairS,  SirUBOCTBXtO&XOB  or.  PSC1^— This  eompoand,  the 

analogue  of  phosphoric  oxychloride^  was  discovered  by  Serullas  (Ann.  Ch.  Fhys.  [2] 
xUi.  '26\  who  obtained  it  by  the  action  of  solphydric  acid  gas  on  the  pentachloride : 
FCF  + H»S  = 2HC1  + PSC1«. 

The  product  is  purified  by  distillation. 

It  18  likewise  formed,  together  with  other  products,  by  the  action  of  pentachloride  of 
phosphorus  on  various  metallic  sulphides  (Weber,  p.  614),  and  by  that  of  sulphur  on 
the  pentachloride  (Wohler  and  Hiller).  Gladstone  (Chem.  8oc.  Qu.  J.  iii.  5X 
by  melting  3 pt'<.  pentachloride  of  phosphorus  with  1 pt.  sulphur,  obtained  a colour* 
less  liquid  boiling  ut  100*^,  and  apparently  consisting  of  PCFS%  or,  according  to  Schiff 
(Ann.  Gh.  Pharm.  ci.  309^  of  P8CI*.^'C1*. 

According  to  Baudrimont  (Bull.  Soc.  Chim.  1861,  p.  117),  the  sulphochlorido  is 
most  easily  prepared  by  the  action  of  pentachloride  of  phosphorus  ou  trlsulphidc  of 
antimoDy;  3pg^.  ^ ^ spgdi 

About  30  grms.  of  phosphorus  is  converted  into  pentachloride  in  a large  flask ; the  flask 
is  then  taken  out  into  the  open  air,  its  neck  surrounded  with  a wet  cloth,  and  116 
grms.  of  antimonious  sulphide  gradually  added,  with  frequent  agitation,  till  all  the 
penlachloride  has  disappeared  and  a slight  excess  of  antimonious  sulphide  is  present. 
The  resulting  liquid,  which  is  hot  from  the  violence  of  the  reaction,  is  then  decanted 
into  a dry  retort  and  distilled  at  125®  to  135®.  To  purify  the  distillate  from  chloride 
of  antimony,  pentachloride  of  phosphorus,  and  chloride  of  arsenic  (resulting  from 
arsenic  in  the  sulphide  of  antimony),  it  is  cooled  to  a low  temperature  and  agitated 
with  a dilute  solution  of  sodium-sulphide.  The  chlorosulphide  of  phosphorus  is  then 
separated  from  the  alkaline  liquid  by  a tap-funnel,  carefully  dried  by  chloride  of 
oalcium,  filtered  through  asbestos,  and  finally  distilled  from  a dry  retort.  The  product 
amounts  to  120  grms. 

Sulphocliloride  of  phosphorus  is  a colourless,  rather  mobile,  oily  liquid,  having  an 
intensely  pungent  odour,  aromatic  when  diluted ; the  vapour  irritates  the  eyes  strongly. 
Sp.  gr.  ■»  1*631  at.  22®.  Boiling*point  124*26®  (Baudrimont);  126 — 127® 
((Jahours).  Vapour-density  a 6*963  at  168®;  6*879  at  244®;  6*878  at  298^ 
(Cahours) : calc.  (2  vol.)  — 5*932.  The  vapour  bums  with  difficulty. 

The  sulphochloride  is  slowly  decomposed  by  tcaUr,  yielding  phosphoric,  hydrochloric, 
andsulphydric  acids,  and  fumes  slightly  in  moist  air.  It  is  decomposed  by  hot  nitric  acid. 
When  heati'd  with  aqueous  caustic  alkalis,  it  is  converted  into  a salt  of  sulphoxyphos- 
phoric  acid  H’PSO*  (Wurts,  p.  604).  With  alcohol  it  yields  ethyl-sulphoxyphos- 
phoric  acid  ^C*H*)H*PSO*  (p.  691).  With  aqueous  it  forms  sulphoxy- 

phosphamic  or  thiophosphamic  acid,  an  acid  which  may  be  derived  from  suU 
phox^'phosphoric  or  thiophospnoric  acid  by  the  substitution  of  NH’  for  HO ; or  if  the 
ammonia  is  very  strong,  or  if  ammonia-gas  acts  on  the  sulphochloride  first  and  water 
afterwards,  the  product  is  sulphox;^phospbodiamic  or  thiophospbodiamic 
acid,  derived  in  like  manner  thiophospnoric  acid  by  the  sul»titution  of  2 at. 
NH*  for  2 at  HO ; thus : 

PSCl*  + 3HK)  - 3HC1  -I-  PH»SO«. 

Thiophotpboric 

sdd. 

psa*  + NH*  + 2H*0  3HC1  + P(NH*)H*SO*. 

Thlopbotphamle 

•cld. 

PSCl*  + 2NH*  + H*0  = 3HC1  + P(SlP)HSO. 

Thiophotpht  diamie 
acid. 

Dry  anmonia-yas  appears  to  act  on  snlphochloride  of  phosphorus  by  removing 
2 atoms  of  chlorine  ana  leaving  2 atoms  of  amidi^en  in  their  place;  thus  ; 

PSCP  + 4NH>  - 2NH*a  -i-  P(NH*)*C1S. 

The  latter  compound  has  not  yet  been  separated  from  the  accompanying  chloride  of 
ammonium;  but,  supposing  it  to  be  formed,  the  production  of  thiophospbodiamic  arid 
from  it  by  means  of  water  may  be  s\ipposed  to  take  place  as  shown  by  the  equation : 
PS(NH*)*C1  -I-  H^O  - HCl  + P(Nn*)»IISO 

(Gladstone  and  Holmes,  Chem.  Soc.  J.  xviii.  7);  see  Thiophosphamic  acids.— 
Hchiff  (Jahresb.  1857  p.  99)  supposes  that  sulphochloride  of  phosphorus  is  converted 
by  diy  ammonia-gas  into  sal-ammoniac  and  sulphopbospbotriamide,  according  to  the 
equation : pq\** 

PSCl*  + 4NII*  - NH'Cl  + 2HCI  + N»: 
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and  br  aniline  in  like  manner  into  hydrochlorate  of  aniline  and  snlphophoephotri* 
phonyltriamide  ; but  these  nntults  Imve  not  been  established  by  analysis. 

With  acttxiU  of  potat»ium  the  chlorosulphide  appears  to  yield  sulphide  of  acetyl. 
(Bandrimont.) 

PBOSPBORVSt  TSUBBZBB  OF.  When  pulverised  tellnrium  is  heated  with 
phosphorus,  part  of  the  latter  bums  away,  while  another  portion  melts  with  the  tellurium 
to  a black  amorphous  mass,  which  gives  off  fumes  of  phosphorous  anhydride  in  the  air 
even  when  the  tellurium  is  in  largo  excess.  (Oppenbeim,  Jahresb.  1857,  p.  214.) 

FBOSFBOBim-BASBS,  OROAmc.  Paul  Th^nard  in  1846  and  1847, by 
acting  on  heated  phtwpbide  of  ciUoium  with  gjiseous  chloride  of  methyl,  obtained  sevend 
compounds,  which  may  be  viewed  as  phosphides  of  hydrogen  having  the  hydrogen  moro 
or  less  replaced  by  methyl,  vis.  1.  A spontaneously  inflammable  fetid  liquid,  (CH*)*P, 
analogous  in  composition  to  the  liquia  phosphide  of  hydrogen,  H*P,  and  to  CiuxKlyl, 
(CIP)*As, — 2.  A spontaneously  inflammable  gas,  CH*P  (CH*)H*P,  analogous  to 
methylamine,  and  forming  a solid  compound  with  hydrochloric  acid. — 3.  A mobile 
strongly  basic  liquid,  C*II"P  =»  (CH*)‘P,  analogous  to  trimethylamino,  and  boiling  at 
40®. — 4.  A ^llow  Don-Tolatiie  8oU<i,  CHU**,  analogous  to  tlie  solid  phosphide  of 
hydrogen,  11^,  produced,  together  with  the  liquid  compound  (3),  by  the  continued 
action  of  hydrochloric  acid  gas  on  the  first-mentioned  compound,  (CH*)*P. — These 
compounds  were,  however,  but  imperfectly  studied  by  tlieir  discoverer : for  the  mode  of 
preparation  above  mentioned  was  dangerous,  and  did  not  yield  them  in  quantity  suffi- 
cient for  satisfactory  invcsligjition.  hforeover,  at  the  time  of  their  discovery  there  were 
but  few  bodies  known  with  which  they  could  bo  natumlly’  connected,  the  ammonia- 
bases  not  having  been  discoven  d till  afterwards ; consequently  they  did  not  at  the 
time  excite  the  attention  which  they  really  deserved. 

A few  years  later  Cahours  and  Hofmann  (Conipt.  rend.  xli.  831 ; Chem.  Oaz. 
1836,  p.  11),  by  a similar  mode  of  proceeding  with  phosphide  of  sodium  and  iodide  of 
methyl,  obtained  the  compounds  (CH*)'P,  (Cll*)*P  and  the  latter  being  a 

crystalline  compound  analc^us  to  iodide  of  tetramethylammoninm  ; and  Berl^  (J.  pr. 
Chom.  Ixvi.  78\ by  acting  upon  phosphide  of  sodium  with  ioditle  of  ethyl,  obtained  tno 
compound  (C*!!*)’?  as  a yellow  strongly  fuming  liquid,  which  when  heated  with 
iodide  of  ethyl  yielded  the  ciystalline  iodide  (C’H‘)*PI.  But  this  mode  of  prcpjiring 
the  phosphorus-bases  is  also  diflScult  and  dangerous,  inflammublo  and  detonating  com- 
pounds being  formed,  and  complex  products  obtained,  which  are  very  difficult  to 
separate. 

The  phosphorus-bases  containing  1 and  2 atoms  of  alcohol-imliele  are  but  little 
known,  as  no  method  of  obtaining  them  in  a pure  state  Inis  yet  been  discovered ; but 
those  derived  from  phosphine,  H*P,  by  the  substitution  c*f  3 atoms  of  alcohol-radicle 
for  3 atoms  of  hydrogen,  may  be  obtained  pure  ami  in  any  required  quantity  by  sub- 
jecting the  sinc-compounds  of  the  alcohol-radicles  to  the  action  of  tiichloride  of  phos- 
phonis  in  an  atmosphere  of  carbonic  anhydride.  Zinc-ethyl,  for  example,  treated  in 
this  manner  yields  chloride  of  zinc  and  tricthylphosphinc: 

2PC1*  -s  3Zn"(C*H‘)»  - 3Zu”CP  + 2(C=n*)'P. 

The  triethylphosphine  remains  combined  with  the  chloride  of  zinc,  but  may  be  liberated 
by  distillation  with*  aqueous  potash,  which  converts  the  chloride  of  zinc  into  chloride 
and  zincate  of  potassium  : 

3Zn"Cl».2(C*H‘)*P  -l-  12KHO  - 2(C»H*)*P  + 3K*Zn"0*  -h  6KCI  + 6H*0. 

Triethylphosphine  and  trimcthylpbosphine  (the  only  two  compound.<4  of 
this  typo  hitherto  examined)  are  volatile  strongly  alkaline  liquids,  which  unite  readily 
^*ith  acids,  forming  crystalliaable  and  for  the  most  port  very  s^uble  salts.  Wiien 
treated  with  the  ioditirs  of  nionafontic  alcohol-radiclrti,  tn«‘y  yield  crystalline  iodides  of 
monophosphoniuros,  of  the  typeK*PI,  analr^nsto  iodide  of  tetrethylamroonium ; 
and  these  iodides,  when  decompojM*d  bv  moist  oxide  of  silver  and  by  silver-salts,  yield 
the  hydrates  and  salts  of  the  corresj>omling  monophosphoniuros;  t.  a.  triethylphosphine 
treat^  with  iodide  of  ethyl  yields  iodideofmethyl-tricthylphosphonium 

which  ia  converted  by  moist  oxide  of  silver  into  tho  hydrate, ^ 

nitrateof  silverintothenitrateof  methyl-triethylphospbonium,  (CH*XC*H*)’P.NO*,  &c. 

Nnmerons  compounds  belonging  to  these  types  have  been  prepaid  and  examined 
by  Hofmann  and  Cahours  (Phil.  Trans.  1857,  p.  583;  Chem.  8oc.  Qu.  J.  xi.  56; 
Ann. Cb.  Pharm.  civ.);  and  further  by  Hofmann  (Phil.  Trans.;  Chem.  8oc.  Qu.  J. 
ziii.  289;  Ann.  Ch.  Pharm.  Suppl.  i.  2). 

Triethylphosphine  and  trimethylphospbine  unite  with  diatomic  alcohclic  hromidcti^ 
ckloridci^  «c.,  in  tho  proportion  of  1 or  2 at,  of  the  phosphorus-bnse  to  1 at.  of  the 
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diatomic  ether ; thus  trIethylphoRphine  forms  with  bromide  of  HhyUne^  the  two  com- 

From  the  alcoholic  solutioo  of  the  latter  of 


pounds 


these  compounds,  the  whole  of  the  bromine  is  remo>’able  by  nitrate  of  silrcr,  whi-reas 
from  the  former  only  half  the  bromine  can  be  thus  removed.  Hence  Hofmann  r^anb 
the  latter  compound  as  dibromide  of  cthylcne-hexethyl-diphospbonium, 

former  as  bromide  of  bromethyl-trieth ylphos- 

phonium  [(C*H*IirXC*H*)*P]Br;  i.  e.  as  bromide  of  totrelhylphosphonium  in  which 
1 at.  hydrogen  is  replactHi  by  bromine.  (See  Axmokium-iusks,  i.  197 ; also  Ethylbxs- 
iiAsBs,  ii.  693.) 

The  last-mentioned  compound  is  susceptible  of  sereral  remarkable  transformations. 
— It  is  resolved  by  into  hydrobromic  acid  and  bromide  of  vinyl-triethy  1- 
phosphonium,  ((C*U*X^‘=‘H*)’PJBr. 

/3,  When  treated  in  dilute  solution  with  hydrate  of  silver^  it  gives  up  all  its  bromine 
and  is  convertod  into  the  compound  ' (C*ll*)*p|’  hydrate  of  oxethyl-tri- 

ethylphosphoninm/^^*^^^^  ^ <^hango  consisting  in  the  replacement 

of  ths  bromine  by  on  equivalent  quantity  of  peroxide  of  hydrogen. 

7.  By  boiling  for  some  time  with  acetate  of  silver,  it  is  converted  into  acetate  of 
vinyl -triethyl  phosphonium : 

[(C’II'BrXC>H‘)'P]Br  + 2AgC*H'0^  - [(C^H')(C*H‘)*P]C*II«0*  + C^H’O*  + 2AgBr. 

8.  It  unites: — a.  With  1 at  trkthyl-  or  trimHhyl-pho:iphine,  forming  dibrom  ide  of 
cthylene-hexothyl-diphosphonium,  [(C'*lP)*(C^H*)*l**l''Br,  and  ethylene- 
triet hyl-trimetbyl-diphosphonium,  [(C^II'nC''II*)*(CH*)*i**] 'Br*. 

h.  With  1 at.  ammonia,tthyhmine,inethylamine,di€tnylatnine,biQ.foTrix\ti^,  the  di bro- 
mides of  elhylene-triethyl-phosphammonium,  r(C*H*)"(C^H*)*H’PN]Br* ; 
ethylene- tet  re  thy  1-phosphammonium  [(C’H*)'’(C*IP)*IPPN]"Br*;ethyIene- 
triethyl-methyl-phosphammonium,  [{C’H*)*(C*H*)XCH*)H*PN]Br*;  ethy- 
lene-jjentethyl-phosphammonium, 
c.  With  tritthylarsiTic,  (C*lP)*.Vs,  yielding  dibromide  of  ethylone-hexothyl- 
phospharsonium,  [(C*H*)"(C'''H‘)*PAs]''Br*. 

Trimethylphospbino  is  actetl  upon  in  a similar  manner  by  dibromide  of  ethylene, 
C»H«Br*f 


C’ll  *Br*  / 

yielding  the  compounds 


and 


from  which  similar  derivatives 


may  be  obtained. 

AU  these  compounds  have  been  discovered  and  investigated  by  Hofmann  (Phil. 
Trans.  I860,  pp.  449,  497  i Cbem.  Soc.  Qu.  J.  xiv.  7*1,  316 ; Ann.  Ch.  Pharm.  SuppL 
i.  2,  145,  177,  306). 

The  dibromides  of  methylene,  tritylene,  tefrylcne,  amylene,  and  benzylenc  likewise 
relict  in  a similar  manner  with  triethylphosphiue,  but  the  resulting  compounds  are 
difficult  to  separate,  and  have  nut  been  much  examined. 

Ijdstly,  a triphosphonium-compound.  nuniely,  tri-iodide  of  formyl-cnn- 
othyl-phospnonium  [(Cn)'*'(C^H*)*P*l'"J*,  is  protluced  by  the  action  of  iodoform 
on  triethylphosphino.  (Hofmann,  Proc.  Itoy.  Soc.  x.  189;  xL  290.) 


I.  H0KOPHO8PUINB8  AMD  MoiroPHOspHotf irxs. 
a.  Methyl^compounds. 

TrlmeUijlphoapblne,  (CII*)'P. — This  base  isproduc<*d  by  the  action  of  tricblonde 
of  phosphorus  on  zinc-methyl,  tlto  process  In-ing  conducted  in  the  manner  to  be  hen»- 
after  described  for  the  preparation  of  triethylphosphino  (p.  609).  As  the  base  is  ex- 
tremely volatile,  the  stream  of  hydrogen  in  which  it  is  distilled  must  be  very  slow,  and 
the  receiver  must  be  kept  at  a low  temperature, 

Trimelhylphosphine  is  a transpjirenl,  colourless,  mobile  liquid,  heavier  than  water, 
having  a strong  refracting  power,  and  an  indescribably  naust^ous  odour,  and  boiling 
between  40*^  and  42®.  It  is  insoluble  in  water.  Its  solution  in  hydrochloric  acid 
yields,  with  chloride  of  platinum,  an  orange-yellow  indistinctly  crystalline  precipitate, 
2{CH*)‘HPCl.PtCl*,  whicli  is  easily  decomposed  at  100®. 

Trimcthylphosphine,  like  the  corre.snondmg  arsines  and  sf  ibines  (i.  340.  398\  unites 
witli  2 at.  of  a monatomic  element,  Cl,  Br,  &c.,  and  with  1 at.  of  a diatomic  element, 
O,  S.  &C. 

The  oxide,  (CH*)*PO,  is  produce<l: — 1.  By  the  direct  oxidation  of  trimethylplios- 
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phine.  Thij  snbst&ncc  him  a reiy  powerful  attraction  for  oxygen,  Aiming  and  some- 
times taking  fire  in  contact  with  the  air.  On  distilling  it,  even  when  recently  prepared, 
the  neck  of  the  retort  becomes  covered  in  the  last  etage  of  the  operation,  with  a beauti- 
ftil  network  of  crystals  of  the  oxide ; they  may  readily  bo  obtained  in  larger  quantity 
by  exposing  the  base  to  a alow  current  of  dry  air. — 2.  By  the  action  of  heat  on  the 
hydrate  of  tetiamethylphosphonium,  marsh-gas  being  given  off  at  the  same  time. 
(CH*)*PHO  = (CH«)'PO  + CH*. 

The  $eUnidfy  (CH*)*PSo,  obtained  by  the  action  of  selenium  on  trimcthylphosphine, 
crystallises  like  the  ethyl-command  (p.  613),  melts  at  84®.  In  contactwith  the  air  it 
blackens,  with  separation  of  selenium,  and  gives  off  the  odour  of  mesitilene  (iii.  930). 

The  sulphide,  (CH*)*1’S,  is  obtained  by  gradually  adding  dowers  of  sulphur  to  an 
ethereal  solution  of  trimotlivlphosphine,  or  by  distilling  trimethylphosphine  with  cin- 
nabar. It  is  not  produced  by  treating  the  oxide  with  sulphydnc  acia  or  sulphide  of 
ammonium.  Crystallisos  from  a highly  concentrated  aqueous  solution  in  masses  of 
well-formed  four-sided  prisms,  which  melt  at  105®.  (Hofmann  and  Cahours.) 

TotnuneUixlpliospboiiliam«  (CH*)*P.— This  base,  like  all  others  formed  on  the 
ammoniam-tj*po,  is  not  known  in  the  free  state. 

The  iodidf,  (CIP)*PJ,  is  obtained  by  the  action  of  iodide  of  methyl  on  an  ethereal 
solution  of  trimethylphosphine.  It  is  a white  crystalline  mass  whi<^  when  recently 
prepared,  exhibits  the  silvery  lustre  of  sublimed  naphthalene,  and  assumes  a slightlj 
reddish  colour  in  contact  with  the  air.  Treated  with  oxide  of  silver,  and  water  it 
yields  a very  caustic  solution  of  hydrate  of  tetramfthylphosphonium. 

The  ye/rf-sa//,  (CIl*)*PCLAuCl*. — Obtained  by  mixing  tne  solution  of  chloride  of 
tetramethylphosphonium  and  trichloride  of  gold,  crystallises  from  boiling  water  in 
brilliant  yellow  needles. 

Ptaiinum-Balt^  2(CII*)^PCl.PtCl*.— The  solution  of  the  oxide  mixed  with  hydrochloric 
acid  and  tetrachloride  of  platinum,  yields  a platinum-salt,  which  is  insoluble  in  alcohol 
and  ether,  but  ciystullisee  frvm  water  in  beautiful  octahedrons,  (Hofmann  and 
Cahours.) 


$.  Ethyl-compounds, 

Xrletbylpbospliliie.  C*H'*P  — ^H*)*P. — Formation,  1.  By  the  action  of 
trichloride  of  phosphorus  on  zinc-ethyl  (Hofmann  and  Cahours,  p.  607X — 2.  By 
the  action  of  pnosphide  of  sodium  on  iodide  of  ethyl  (Berl^  p.  607). — 3.  Crystalline 
phosphide  of  zinc  boated  with  iodide  of  ethvl  in  a s<^ed  tul^  to  170® — 180®,  yields 
rinc-iodide  of  tetrethylphosphonium,  2(C*H*)*PI.Zn"I*,  which,  when  distilled  with 
potash,  yields  triethylpnoepmne  (Cahours,  Ann.  Ch.  Pbarm.  cxii.  228 ; cxxiL  192 ; 
Jahresb.  1850,  p.  432;  1861,  p.  567). — 4.  When  a mixture  of  zinc,  phosphorus,  and 
dry  ethylic  iodiae  is  boated  in  a sealed  tube  to  150®>-160®,  there  is  p^u<^.  toother 
with  zinc-ethyl,  a mixture  of  iodozincate  of  triethylphosphonium,  2(C’H*)*HPl.Zn'l*, 
iodozincate  of  tetrethylphoaphonium,  2(C*H*)^Pl.Zn"l*,  and  a compound  of  zinc- 
iodide  with  oxide  of  triothylphosphine,  (C*H*)*P*0.2ix‘'l*.  Those  compounds  are 
separated  by  their  different  degrees  of  solubility  in  water,  the  first-mentioned  being 
the  least  and  the  second  the  most  soluble.  The  first  yields  triethylphosphine  when 
treated  with  potash  in  the  cold;  the  third  yields  it  when  heated  with  solid  potash; 
while  the  second  does  not  yield  it  when  treated  with  potash  either  in  the  cold  or  with 
aid  of  heat.  (Hofmann,  Cbem.  Soc.  Qu.  J.  xiiL  291.) 

Preparation. — A tubulated  retort/  is  joined  to  a receiver  e (fy.  738)  which  in  its 
turn  IB  connected  with  a wide  glass  tnbe  d,  bent  at  an  angle  of  alraut  130®  and  acting 
like  a second  receiver.  The  angle  of  this  tube  is  filled  with  trichloride  of  phosphorus, 
and  the  tube  is  conuccted  with  a large  cylinder  c,  which  is  su|^lied  by  a suitable 
apparatus,  u,  b,  with  dry  carbonic  anhydride.  As  soon  as  the  cartMme  anhydride  has 
expelled  the  air  from  the  reservoir,  tube,  receiver,  and  retort,  an  exit-tube  from  the 
reservoir,  up  to  that  time  closed  bv  a caoutchouc  cap,  is  opened  to  let  out  the  carbonic 
anhydride,  the  evolution  of  whicn  is  maintained  during  the  whole  operation.  Ti  e 
tubulature  of  the  retort  is  now  connected  with  the  copper  digester  in  which  the  zinc- 
ethyl  has  been  prepared;  and  as  soon  as  the  retort  has  received  a charge  of  the 
ethereal  solution  of  zinc-ethyl,  there  is  fixed  into  the  same  tubulature  a dropping 
apparatus,  consisting  of  a glass  globe  y,  with  a tnbulatnre  and  stopper  at  the  top,  and 
terminating  below  in  a gloss  ti^  in  which  a stopcock  is  fitted.  This  apparatus  is 
filled  with  trichloride  of  phosphorus,  and  by  appropriately  adjusting  the  stopcock  and 
opening  or  closing  the  stopper  of  the  glass  glot^,  any  desired  flow  of  the  liquid  can  be 
maintained  with  the  greatest  nicety.  However  slowly  the  trichloride  may  be  added, 
and  however  well,  moreover,  the  retort  and  receiver  mav  be  cooled  by  water  or  ice,  the 
action  is  nevertheless  so  violent,  that  all  the  ether,  and  with  it  a large  quantity  of  the 
VoL.  IV.  R R 
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ilDe>«th7l,  pM0es  orer  into  the  receiTcr.  By  the  powerful  ebullition  which  periodicallj 
ensuei,  a portion  of  the  Tapour  is  driven  even  into  the  bent  tube^  and  a considerable 
loss  of  sinc-etbyl  u incurred,  unless  this  tube  is  filled  with  trichloxide  of  phosphorus, 

Fiff.  738. 


which  greedily  absorbs  oveiy  trace  of  the  former  compound.  This  fluid  valve, 
ascending  and  descending  in  the  tube,  in  accordance  with  the  progr^  of  the  reaction, 
regulaUa  the  fiinction  ^ the  apparatus  so  perfectly,  that  the  operation,  which  always 
tales  several  hours,  continues  by  itself  when  once  l^gun.  Sometimes  the  absorption  is 
BO  violent  that  the  trichloride  of  phosphorus  in  the  tube  is  sucked  back  into  the 
receiver,  but  even  then  no  loss  is  to  be  feared,  since  the  tube  is  connected  with  the 
reservoir  filled  with  carbonic  anhydride.  The  first  drops  of  trichloride  of  phosphorus 
which  fall  into  the  solution  of  sinC'Cthyl,  hiss  like  water  when  eoming  in  contact  with 
red-hot  iron.  The  action  becomes  by  and  by  less  violent,  and  as  soon  os  an  evolution 
of  heat  is  no  longer  perceptible,  the  operation  is  terminated.  There  remain  in  the 
retort,  in  the  receiver,  in  the  bent  tube,  and  sometimes  even  in  the  carbonic  acid 
reservoir,  two  liquid  layers, — the  one  a heavy,  pale  straw*colourod,  thick  liquid,  the 
other  a transparent,  colourless,  mobile  liquid  floating  on  the  former. 

The  upper  liquid  is  a mixture  of  ether  and  tri^loridc  of  phosphorus;  the  lower, 
which  usually  solidifies  on  cooling,  is  a compound  of  triethylphosphiue  with  chloride  of 
tine,  and  from  this,  after  the  upper  layer  has  been  decant^,  the  phosphorus-base  may 
be  separated  by  distillation  with  potash.  For  this  purpose  it  is  mixea  with  water,  the 
retort  is  filled  with  hydro^n,  and  strong  potash-ley  is  allowed  to  flow  slowly  into  it. 
On  distilling  the  mixture  in  a slow  stream  of  hydrogen,  the  triethylphospbine  passes 
with  the  aqueous  vapour,  and  floats  on  the  condensed  water  in  the  receiver.  It  is 
separated  by  a tap-funnel,  dried  over  sticks  of  potash,  and  rectified  in  a stream  of  dry 
hydrogen.  (Hofmann  and  Cahours,  p.  607;  Hofmann,  Chem.Soc.  Qu.  J.  xiii.  390.) 

PropertUs. — Triethylphospbine  is  a transi^rent,  colourless,  mobile,  strongly  refract- 
ing liquid.  Specific  gravity,  0*812  at  16^.  BuUs  at  127*5^  under  a barometric  pressure 
of  0*744  mm.  Its  ^our  is  penetrating,  almost  benumbing,  but  still  not  disagreeable, 
and  in  a diluted  state,  resembles  that  of  the  hyacinth.  Ixing-continucd  working  with 
this  substance  produces  head-ache  and  sleeplessness.  When  recently  prepared,  it  is 
without  action  on  vegetable  colours,  but  if  exposed  to  the  air  for  a few  seconds,  it 
shows  a constantly  increasing  acid  reaction. 

Rtactions. — 1.  Tricthylphosphino  is  quite  insoluble  in  watcr^  bnt  dissolves  in  all 
proportions  in  alcohol  and  ether. — 2.  It  unites  slowly  with  acidtf  forming  mostly 
ciTstallieable,  but  extremely  soluble  and  deliquescent  salts,  which  may  be  regarded  as 
salts  of  triethjlphosphooium : e.g.  (<?H*)*P.HC1  (C?*H*)*HP.CI. 

3.  Triethylpbosphine  rapidly  absorbs  oxygen  from  the  air,  and  is  converted  into  the 
oxide,  (C’H*)*PO.  In  pure  oxygen  gas  it  often  takes  fire  and  decomposes,  emitting 
dense  white  fumes  of  phosphoric  anhydride.  A mixture  of  oxygen  gas  and  vapour  or 
tricthylphosphinc  explodes  with  violence  when  heated. 

4.  With  sulphur  and  selenium,  trietl^lphosphine  unites  directly,  forming  tho  crys- 
talline compounds,  fC*H‘)*PS  and  (C*rf*)*PSe ; also  with  sulphide  of  carbon,  forming 
beautifril  crystals  of  the  compound  2(C*H*)*P.CS*.  The  formation  of  this  compound 
takes  place  so  readily  that  triethylpbosphine  and  sulphide  of  carbon  act  as  extremely 
delicate  tests  one  for  the  other.  Thus,  if  a liquid  containing  free  triethylphospbine  (or 
trimethylphosphine)  be  poured  into  a watch-glass,  and  the  vapour  of  the  carbonic  sul- 
phide aUowed  to  flow  u^n  it  from  an  inclined  bottle,  tho  wateh-glass  soon  becomes 
covered  with  a beautifril  network  of  the  red  ciystals.  If  tho  pbosphorns-basc  is 
present  in  the  form  of  a salt,  it  must  first  be  liberated  by  adding  a drop  of  potash. 
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CoDTcnely,  triethjlphosphioa  may  be  very  adranta^^nsly  used  for  drtectmg  small 
quantities  of  carbonic  eulphidei  aa  in  the  most  volatile  fractions  of  coal-tar  naphtha, 
and  in  coal-gas  (i.  777). 

6.  When  triethylphoephine  is  poured  into  a flask  containing  chlorine,  every  drop 
takes  fire,  vrith  formation  of  hydrochloric  acid  and  phosphoric  chloride,  and  separation 
of  charcoal.  If  however  the  action  be  moderated,  crystalline  compounds  are  formed. 
It  also  unites  directly  with  iodine  and  bromine,  the  combination  l^ing  attended  with 
great  evolution  of  heat  and  sometimes  with  inflammation.^fi.  In  cyanogen  gae  it 
solidifies  to  a brown  resin. 

7.  Dibromide  of  ethylene  and  its  isomer,  bromide  of  bromethyl,  unite  with 
1 at  tricthylpbosphine,  forming  bromide  of  bromethyl-triethylphosphonium, 
[(C’U*Br)(CH^)*P]Br,  and  with  2 at  triethyipbosphine  forming  dibromide  of  ethylene- 
nexethylihphospaoniam,  [(C’H*)"(C*H*)*P*]'*Br*. — 8.  Dichloride  of  ethylene  exiA  mono* 
cMorinated  chloride  of  ethyl  act  in  a similar  manner. — 9.  Di-iodide  of  ethylene  however 
acta  in  a different  manner.  When  brought  into  contact  with  dry  triethyipbosphine, 
it  forms,  generally  with  explosion,  ethylene  gas  and  iodide  of  triethylphoephine,  and 
with  alcoholic  triethyipbosphine  it  forms  a oystaUine  mass  generally  consisting 
of  hydriodate  of  triethyipbosphine. 

10.  When  triethylphoephine  is  heated  with  ethylic  ehloracetate,  C*H\C*H*)C10*, 
mixed  with  an  equal  volume  of  common  ether  to  moderate  the  action,  a sticky  mass  is 
formed,  which  on  addition  of  platinic  chloride,  forms  the  crystallisable  chloroplaUnate 

of  trietbyl-oxethacetylphosphoniom,  ^^Q^offous  to  the  ammonium- 

base  produced  in  like  manner  from  chloracetic  ether  and  triothylamine  (ii«  663). 
(Hofmann,  Proc.  Roy.  Soc.  zi.  525.) 

Triethylphoephine  unites  with  eulyhocyanate  of  allyl  (volatile  oil  of  muatard), 

forming  allyl-triethyl-sulpbocarbophosphamidc,  Ip ; and  with  eulphocyanate 

of  phenyl,  forming  the  analogous  phcnyl-eompound.  The  etUphoeyanatee  of  methyl^ 
ethyl,  amyl  and  ethylene,  on  the  contrary,  do  not  unite  directly  with  triethyipbosphine, 
bat  undergo  decomp^ition,  yielding  sulphide  of  triethyipbosphine  and  a ^amde  of 
a phosphonium.  with  eulphocyanate  of  ethyl,  for  example,  the  reaction  is, 

(C*H*)CNS  + 2(C*H*)*P  - (C»H»)*PS  + [(C»H‘)<P]CN ; 


and  with  etdphoeyanate  of  ethylene : 

(C»n*)''C*N*S*  -t-  4(C*H‘)*P  - 2(C*H*)*PS  + [(C*H*)"(C?H*)«P*]'C*N* 

11.  The  alcoholic  cyanatee,  on  the  other  band — the  cyanates  of  ethyl  and  phenyl  for 
example— neither  combine  with  triethylphoephine,  nor  are  decomposed  by  it,  but 
merely  undergo  a molecular  transformation,  t>eing  converted  by  contact  with  it  into 
cxTstalline  cyannrates.  Cyanic  acid  vapour  passea  through  triethyipbosphine  yields  a 
white  deposit  of  cyanuric  acid. 

12.  Triethylphoephine  and  mercaptan  mixed  together  in  an  atmosphere  of  carbonic 
anhydride,  do  not  act  on  one  another  even  at  100^ ; but  if  air  nas  access  to  the 
mixture,  crystals  of  sulphide  of  triethyipbosphine  are  gradually  formed,  the  result 
being  due  to  the  oxidation  of  the  triethyipbosphine  at  the  expense  of  atmospheric 
oxygen,  and  the  subsequent  conversion  of  the  oxide  into  salpUde,  according  to  the 
equation : 

(C»H‘)»PO  + C*H«S  - C*H*0  + (C*H‘)>PS. 


It  is  only,  however,  at  the  instant  of  formation  of  the  oxide  that  this  reaction  takes 
place ; for  ready  formed  oxide  of  triethyipbosphine  and  mercaptan  brought  together 
under  the  most  varying  conditions  of  pressure  and  temperature  ^ not  yidd  a trace  of 
sulphide  of  triethyipbosphine. 

13.  Sulphide  of  nitrogen  (p.  109)  is  decomposed  hj  triethylphoephine,  gas  being 
evolved,  and  a yellowiah  liquid  formed,  which  on  cooling  solidifies  to  a fibroos  mass 
of  crystals  of  sulphide  of  triethylphoephine. 


Compounde  of  Triethylphoephine, 

CRLOKiDB,BBOinDi,aKi>IoDn>a  or  Tuibthti.phosphikb. — Oxide  of  trietbylphosphino  * 
whrn  treated  with  hydrochloric,  hydrobromic  and  bydriodic  acids,  is  converted  into  the 
corresponding  chloride,  bromide,  and  iodide,  (C*H*)*PG*,  &c.,  which  closely  resemble 
the  oxide  in  their  general  properties.  They  ore  liquids  which  gradually  solidify  in  the 
exsiccator;  the  crystals  fuse  at  100®  and  begin  to  volatilise,  althoi^h  their  boiling 
point  is  very  high.  The  compounds  of  triethylphosphine  with  chlorine,  bromine,  and 
iodine  may  also  be  obtained  by  the  action  of  these  elements  in  aqueous  or  alcoholic 
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■olntioni  die  phoaphonu-base  iteelf.  Both  methoda,  hoverer,  fiiniuh  prodacti 
which  an  (ufflcolt  to  panfy. 

Triethylphoephine  forme  crystalUne  oompounds  with  hydrochloric^  hydrobromic, 
hydriodic,  tidpnuric  and  niirie  aoidt ; bnt  they  can  be  obtained  in  the  dij  state  onlj 
by  means  of  the  exsiccator. 

Chloroplatinate,  2[^(C’H*)’P.HCl].Pt”Cl*. — The  solution  of  the  base  in  hydrochloric 
acid  forms  with  platmic  chloride  a crystalline  double  salt,  which  is  sparingly  soluble 
in  cold  water,  insoluble  in  alcohol  and  ether. 

lodozincatt,  2[(C’H*)*P.HI.]./,n’T’. — The  product  formed  by  heating  dry  iodide  of 
ethyl  with  sine  and  phosphorus  to  160° — 160°  for  screral  hours  (p.  609),  forms  with 
warm  water  a solution  which  when  leA  to  eraporato  deposits  an  oil  which  crystallises  on 
cooling  (p.  609);  and  b^  repeatedly  crystallising  this  product  from  hot  water  and 
alcohol,  the  iodozincate  is  obtained  in  large  white  crystals  which  give  off  triethyl- 
phoaphine  when  treated  with  potash  even  in  the  cold  (Hofmann).  ^Vhen  crystallised 
phosphide  of  sine  is  heated  for  some  time  with  iodide  of  ethyl  to  170° — 180°,  and  the 
product  is  exhausted  with  alcohol,  an  alcoholic  solution  is  obtained,  which,  when  left  to 
evaporate  very  slowly,  dejoaits,  together  with  iodide  of  tetrethylphosphonium,  beautiful 
tablets  of  the  iodosincate  of  triethylphosphine.  (Cahours.) 

Oxina  or  TBiwrim.puospiii>tE,  {C^H‘)*P0. — This  compound  is  produced : 1.  By  the 
direct  combination  of  triethylphosphine  with  free  oxygen.  The  base  has,  indeed,  so 
strong  an  affinity  for  oxygen  that  it  cannot  be  distilled  without  oxidation  except  in 
an  atmosphere  of  hydrogen.  In  the  preparation  of  triethylphosphine  by  the  process 
above  described  (p.  609),  a quantity  of  the  oxide  always  accumulatiui  in  the  residues 
left  after  distilling  the  zinc-chloride  compound  with  potash ; and  these  resiilues  may  be 
advantageously  used  for  preparing  the  oxide.  On  subjecting  them  to  di.stillation,  iiarf  of 
the  oxide  distils  over  with  the  aijucons  vapour,  while  the  rest  passes  over  only  in  the 
subsequent  dry  distillation  of  the  saline  residue.  The  distillate,  which  is  an  aqmous 
solution  of  the  oxide,  is  concentrated  as  much  as  possible  over  the  water-bath,  with  or 
without  addition  of  hydrochloric  acid,  and  the  oxide  of  triethylphosphine  is  separated 
as  a supernatant  oily  layer  by  the  edition  of  solid  potash.  It  is  dried  by  leaving  it 
for  24  hours  in  contact  with  sticks  of  potash,  and  then  redistilled,  the  first  portions 
which  are  watery,  being  rejected,  and  the  receiver  changed  os  soon  os  the  distillato 
begins  to  solidify. 

2.  By  gently  healing  triethylphosphine  with  oxide  of  mercury  or  oxide  of  silver. 
Considerable  evolution  of  heat  tiien  takes  place,  the  metal  is  reduced,  and  oxide  of 
triethylphosphine  separates  in  oily  drops  or  sometimes  sublimes  in  radiated  crystals. 
It  also  separates  in  oily  drops  when  triethylphosphine  is  boiled  with  strong  nitric  acid, 
and  potash  is  added  to  the  highly  concentrated  liquid. 

3.  By  the  action  of  heat  on  hydrate  of  tetrethylphasphonium : 

(C^*)<PJI.O  - (C*H*)«PO  -r  C»H» 

On  subjecting  this  compound  to  distillation,  water  panes  over  first,  then  hydride  of 
ethyl  is  given  off  with  strong  intumescence,  and  at  about  200°,  oxide  of  triethyl- 
phosphine  distils  over  as  a viscid  liquid,  solidifying  in  the  neck  of  the  retort  towards 
the  end  of  the  operation.  (Hofmann  and  Cahours.) 

4.  By  decomposing  the  chlorozincate  of  tetrethylphorohoninm,  2(C’H‘)*PCUhi"Cl* 
with  solid  potash  and  a small  quantity  of  water.  An  oil  smelling  of  triethylphosphine 
(probably  hydrate  of  tetrethylphosphonium)  then  collects  on  the  surface  of  the  strong 

gitasb-ley,  and  when  subjected  to  distillation  yields  the  oxide  (Bebal,  Ann.  Ch. 

harm.  cxx.  194).— 6.  By  the  action  of  heat  on  hydrate  of  oxethyl-triethyl-p^phonium. 
(Hofmann.) 

(C*H‘OXC*H*)*P.H.O  - (C*H*)*PO  + C*H*  + H«0. 

Oxide  of  triethylphosphine  crystallises  in  white  slender  needles  often  several  inches 
long,  permanent  in  dry  air,  but  deliquescing  rapidly  in  moist  air.  It  molts  at  44°, 
and  solidifies  at  the  same  temperuture  (Hofmann);  melts  at  629°;  and  solidifies  at 
42°  (Pebal).  Boils  at  210°.  Vapour-density  4'6°  (Hofmann),  by  calculation 
(2  vols.)  •»  4-669.  It  dissolves  in  slf  proportions  in  vnter  and  in  a/cohtU,  but  is  liws 
soluble  in  ether;  on  evaporating  the  aqueous  or  alcoholic  solutions,  the  oxide  separates 
at  first  in  the  liquid  form,  and  docs  not  solidify  till  every  trace  of  the  solvent  has  been 
• expelled ; it  is  also  precipitated  os  a liquid  from  the  alcoholic  solution  by  ether,  and 
from  the  aqueous  solution  by  potash.  It  dissolves  readily  in  acids,  and  is  converted 
by  hydriodic  or  hydrobromic  acid  into  the  iodide  of  triethylphosphine.  (C*H*1*PI«  or 
the  bromide.  (<?H‘)*PBr».  r r f v I , or 

Oxide  of  triethylphosphine  forms  crystalline  compounds  with  certain  metallic 
salts. 

a.  With  Cupric  culphaU,  3(C»H*)*PO.Cu"SO‘.— When  aystalliscd  cupric  sulphate  is 
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added  to  heated  oxide  of  triethylphoaphine,  part  dieaoWee  with  deep  green  eolonr  while 
another  portion  is  separated  as  a basic  salt  The  green  solation  tnms  bine  on  addition 
of  a litUo  water,  ana  when  evaporated  in  vacuo  over  oil  of  vitriol,  deposits  the  com- 
pound in  green  four-sided  prisms  which  deliquesce  in  damp  air,  yielding  needles  of 
oxide  of  tnethylphosphine.  The  aqueous  solution  yields  ezyst^  of  pure  cupric  sulphate. 
(Pebal.) 

0.  With  Trichloride  of  Gold. — This  salt  added  to  a concentrated  solution  of  the 
oxide  throws  down  a deep  yellow  oil  which  dystallises  with  difficulty,  and  is  soluble  is 
water  and  in  alcohoL  (^llofmann.) 

y.  With  SUinnoui  cworide. — Oily  compound  which  does  not  crystallise. 

8.  With  Iodide  of  Zinc^  2(C*H*)”PO.Zn'*P. — Separates  on  mixing  the  two  solutions 
as  a crystalline  precipitate,  or  as  an  oil  which  gz^ually  solidifies  in  the  oystallino 
form ; purified  by  recrystallisation  from  alcoboL  It  forms  monodinic  crystals  exhibit- 
ing the  combination  ooPoo  . [oopx]  . oP  . oeP  . [Poo]  . — P.*  Ratio  of  axes  a : 
b:  c ^ 0‘9052  : 1 : 1*3312.  ^gle  of  inclined  axes  a 83°  13';  odP  ; ooP  (orthod.) 
- 96®  18';  oePx  : »P  - 132°  21';  oePx  : oP  « 96®  47';  oP  : odP  - 94®  34'; 
oP  : [P«  ] **  124®  24';  odP  : — P — 164®  8'.  Twins  occur  with  oP  as  combination- 
face.  Lustre  fatty  on  the  faces,  vitreous  on  the  fracture.  Cleavage  distinct  parallel 
to  oP  and  odP.  The  crystals  melt  at  99®. 

OxTCHLOBiDB  OF  TEUiTHTLFHoapHii™,  (C*H*)*P*C1*0, — When  dry  hydrochloric  acid 
gas  is  paned  over  fused  oxide  of  triethylphosphine,  shining  o^stals  of  the  oxt- 
chloride  are  formed  which  redissolve  in  excess  of  the  hydrochloric  acid.  If  heat  be 
then  applied  to  drive  off  the  excess  of  add,  there  remains  a voiy  deliquescent  dyetalline 
Tnajm,  soluble  in  alcohol,  insoluble  in  ether.  The  solution  treated  with  platinic  chloride 
forms  a compound  of  that  salt  with  oxide  and  chloride  of  triethylphosphine,  and  when 
treated  with  iodide  of  zinc,  it  generally  yields  a compound  of  zinc-iodide  with  the  oxide 
of  triethylphosphine,  and  only  seldom  with  the  oxychloride. 

The  plotinum-comwundf  3(C*H*pPO.(C*H*)*PCl*.Pt‘*Cl*,  separates  also  imme- 
diately in  the  crystalline  form  when  drv  oxide  of  triethylphosphine  is  mixed  with  a 
saturated  alcoholic  solution  of  platinic  chloride.  By  recrystallisation  from  alcohol,  it  ie 
obtained  in  large  orange-red,  six-sided  monodinic  prisms,  exhibiting  the  faces  oePx , 
oP,  odP,  >t-Px,  +AP.  RAtio  of  axes  a : b:  e — 0*6308  ; 1 : 1*6776.  Angle  of 
inclined  axes  « 73®  42';  ooP  : ooP  (orthod.)  » 113®  22' ; oP : ooPoo  =»  106®  18' ; 
oP  : ocP  ~ 98®  62';  oP  : + P«  » 110®  12' ; ooP  : +P  — 160®  3'.  Cleavage  ffis- 
tinct  parallel  to  +Poo  and  ooF  (PhiL  Trans.  1860,  p.  419). 

The  zinc-eomjpoundy  (C*H*)*FK?l*O.Zn']’,  forms  transparent  coloorless  octahedrons, 
soluble  in  water  and  in  alcoboL 

Sblbkidb  op  TBiBTETLPHOspHnTB,  (C*H’)*PSe. — Prepared,  like  the  snlphide,  by  the 
direct  combination  of  triethylphosphine  with  selenium;  the  reaction,  however,  is  less 
powerful  than  with  snlphur. — Crystallises  from  water  as  easily  as  the  sulphide,  but  the 
solation  is  apt  to  undergo  partial  decompoeition  when  exposed  to  the  air.  Even  the 
dry  crystals  are  slowly  readened  in  the  air.  Melts  at  112°,  and  is  easily  volatilised 
with  partial  decomposition.  (Cahours  and  Hofmann.) 

SrtPHinB  OP  Tbibthtlphosphixb,  (C*H*)*PS. — This  componnd  is  produced : 1.  By 
the  direct  combination  of  triethylphosphine  with  sulphur.  Flowers  of  sulphur  are 
gradually  introduced  into  an  ethereal  solution  of  tnethylphosphine  till  a portion 
remains  undissolred,  the  liquid  effervescing  on  each  addition.  The  ether  is  then 
volatilised,  and  the  residuary  mixture  of  the  sulphide  and  free  sulphur  treated  with 
boiling  water,  which  dissolves  the  sulphide  and  on  cooling  deposits  it  in  perfectly  pure 
frryHt«Ts,-"2  By  distilling  triethylphosphine  with  cinnabar,  which  is  then  reduced  to 
mercurous  sulphide  or  to  metaUic  mercury.— 3.  By  the  action  of  triethylphosphine  on 
sulphide  of  nitrogen  (p.  611). — 4.  By  the  decomposition  of  carbosulphide  of  triethyl- 
phosphine  with  water  or  silver-oxido. — 6.  By  the  action  of  mercaptan  on  triethylphos- 
phine in  presence  of  air  (p.  611). 

By  slowly  cooling  the  aqueous  solation,  the  compound  is  obtiuned  in  beautifhl  white 
needle-shaped  crystals  often  five  or  six  inches  long.  These  crystals  are  six-sidod 
prisms  with  pyramidal  summits  (system  hexagonal),  exhibiting  the  combination  oaP  . 
P,  rarely  witn  ooP2.  Length  of  principal  axis  « 0*8211.  Anglo  P : P in  the  termi- 
nal edges  = 143®  16';  in  the  lateral  Alges  = 78®  9';  P : oe>P  = 129®  4'.  They  are 
optic^y  positive,  the  index  of  refraction^ing  1*66  for  the  extraordinary,  and  1*69  for 
the  ordinary  ray  (Phil.  Truna  1860,  p.  423^.  The  compound  melts  at  94®,  and  resoli- 
difies at«88®.  when  heated  beyond  100®,  it  is  volatilis^  and  diffuses  a white  vapour 

• The  erriUlliae  formi  and  optical  propertlea  of  thUand  the  other  eompounda  of  lfay>ho*pbortit-baaM. 
as  determined br  QuIntiooSella,  are  fulljr  described  to  Hobnano's  Memoir  (Phil.  *rrans.  l860.p.4CS); 

Id  s^U’s  lleiDoir,  “ Smile  forme  eriiUMine  df  aiemm  yUi  derlwati  dmW  omMOMece,”  Torino,  ISSI 
(from  the  Mcmorle  drila  Reale  Accadcmla  delle  Sciente  dl  Torino  '*  [3]  xx.}.  See  also  Jahresb.  18G0, 
p.  231  $eq.  j 1861 , p.  467  rf  »eq. 
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haring  a disagreeable  aulphur  odour,  which  is  but  slightly  perceptible  at  common  tem- 
peratures. AVlien  heated  with  a quantity  of  water  not  sufficioot  for  ita  elation,  it 
riscB  to  the  surface  in  the  form  of  a transparent  oil  which  is  copiomsly  volatilised  with 
the  aqu4H)us  rapour. 

Solpltide  of  triethylphosphine  is  instantaneously  decomposed  by  potasnum  or  sodium 
with  separation  of  triethylphosphine. 

It  is  much  more  soluble  in  hot  than  in  cold  tnxtrr,  only  a small  quantity  remaining 
dissolrcd  at  ordinary  temperatures.  It  is  still  less  soluble  in  aikaltne  bqutds.  On 
adding  an  alkali  to  the  ooU  aqueous  solution,  the  mixture  becomes  turbid  and  soon 
deposits  small  ciystals.  On  adding  iwlash  to  the  boiling  saturated  aqueous  solution, 
the  sulphide  instautly  separates  in  oily  dro{«,  which,  os  the  liquid  cools,  rapidly  solidify 
into  spnerieal  aggregates  of  ciystals.  It  dissolves  even  more  readily  in  al^kU  and 
ether^  and  in  distdphide  of  carbon  almost  without  limit ; from  this  solvent  it  does  not 
cr^'stAllise  perfectly. 

The  aqueous  solution  is  without  action  on  vegetable  colours;  the  comTOund  never- 
theless appears  to  possess  weak  basic  properties.  It  dissolves  more  readily  in  k^dro^ 
chloric  acid,  espc^cially  when  concentrated,  than  in  water,  and  the  solution  furnishea 
with  tetrachlorUo  of  platinum  a yellow  precipitate,  which  however  rapidly  cakes  into  a 
resinous  mass,  giving  indications  of  decomposition  by  the  separation  of  platinic  sulphide. 
The  sulphide  also  dissolves  in  dilute  sulphuric  and  nitric  acids;  concentrated  nitric 
acid  decomposes  it ; the  fuming  acid  gives  rise  to  a sort  of  detonation.  The  aqueous 
solution  is  not  affected  by  aettaU  of  Uad,  nitrate  of  silver^  or  mercuric  oxide^  even  at 
the  boiling  temperature;  the  alcoholic  solution,  on  the  other  band,  is  instantaneously 
decompos^,  witli  separation  of  the  sulphide  of  lead,  silver,  or  mcrcu^. 

Cabdosclphidb  of  TuiETirn.PHOSPHiNB,  (C*H*)*P.CS*  «*  (Pnyl  Tri.thjl- 

phosphine  and  disulphide  of  carbon  combine  together  with  violence,  forming  a red 
crystklline  mass.  On  mixing  the  two  substances  in  alcoholic  or  ethereal  solution,  the 
compound  immediately  separates  in  red  crystalline  lamin&e,  which  may  be  purified  by 
recrystallisation  from  ^Iconol,  and  dried  over  oil  of  vitriol.  It  forms  dark  red  mo- 
nooUnic  prisms,  in  which  the  axes  a:  b : c * 1*5970  : 1 : 09205.  Anglo  b : e w» 
56®  49'.  Observed  faces  ooPoo,  [ obPqo  ],  oP,  »P,  +Pco.  Angle  ocP  ; ocP  (orthod.) 
= 55®  19';  oP  : cbP®  = 123®  11';  oP  : oeP  - 119®  O';  oP  : + Poo  = 122®  47'. 
Cleavage  distinct  parallel  to  [ o&Px*]  and  otPoo  (Phil.  Trana  1860,  p.  428).  It 
molts  at  90®  and  votatilises  at  100®.  Heated  with  water  in  a sealed  tube  to  100®  for 
several  days,  it  is  decomposed,  with  formation  of  sulphide  and  oxide  of  triethylphos- 
phine, hydrate  of  methyl-triethylphospbonium,  and  carbonic  disulphide,  the  latter 
ix'ing  further  partly  converted  by  the  water  into  carbonic  dioxide  and  sulphydric 
acid : 


4[(C*H*)*P.CS*]  + 2H*0  « 2{Cm^yPS  + (C*H‘)TO  + (CH«XC*H‘)»PHO  + 3CS>. 

The  alcoholic  solution  boiled  with  oxide  or  nitrate  of  silver  yields  sulphide  of  tri- 
cthylphoaphine  U^ethor  with  metallic  silver,  sulphide  of  silver,  and  carbonic  dioxide : 
(C’H*)*P.CS*  + 2Ag*0  - (C*H‘)>PS  + Ag*S  + Ag*  + CO* 


Carbosulphide  of  triethylphosphine  dissolves  in  strong  hydrochloric  aeid^  but  is 
precipitated  by  potash  or  ammonia  without  alteration.  The  acid  solution  forms  with 
trichloride  of  gold  and  with  tetrachloride  of  platinum,  yellow  amorohoos  double  salts, 
which  are  insoluble  in  alcohol  and  ether,  change  colour  and  give  off  hydrochloric  acid 
daring  drying.  platinum-salt  «»  2[(C*H‘)*P.CS*]  H*CP.Pt**CP.  (Hofmann.) 


SOTJ>HOCTAirATB  OP  TRIXTHTlFHOSPHOKnTM,  (C*H*)*HP.CHS 


CS)- 


duced  by  dissolving  triethylphosphine  in  snlphocyanic  acid.  When  heated,  it  partly 
volatilises  nndecompoeed,  but  the  greater  part  suffers  decomposition,  giving  off  sulphide 
and  carbo-Bulphido  of  triethylphosphine,  together  with  free  carbonic  disulphide  and 
leaving  a brown  ill-defined  substance  which  gives  off  ammonia  when  trealed  with  an 
alkali.  (Hofmann.) 


Tetretlisrlptaosplioiilaiii,  (C*H*)*P. — Known  only  in  combination.  The  hydrate, 
(C*H* 

^ ^H  [ ^ obtained  by  the  action  of  silver-oxide  on  the  iodide.  A strongly  alka- 

line, nearly  inodorous  bitter  liquid  is  thereby  formed,  which  retains  a little  silver  in 
solution,  and  dries  up  over  oil  of  vitriol  to  a crystalline,  extremely  deliquescent  mass, 
the  silver  separating  at  the  same  time  as  a black  powder,  or  as  a brilliant  metallic 
mirror.  This  mass  when  rcdissulved  in  water  yields  a colourleas  liquid  free  from  silver, 
but  generally  containing  carbonic  acid.  The  solid  hydrate  absorbs  water  and  carbonic 
acid  with  avidity. 
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In  its  deportment  with  other  substances,  hydrate  of  tetretbylphosphonium  resembles 
hydrate  of  tetrcthylammonium  (ii  561),  its  solution  reacting  with  metallic  salts, » 
lixe  a solution  of  caustic  potash ; but  some  of  the  precipitates,  r.  alumina  and  alnc* 
oxide,  dissolve  less  readily  in  excess  of  the  phosphorus^baso. 

The  hydrate  is  resolved  by  heat  into  hydride  of  ethyl  and  oxide  of  triethylphosphine 
(p.  612).  If  however  it  has  been  exposed  for  some  time  to  the  air  and  has  absorbed 
carbonic  acid,  a different  decomposition  takes  place,  the  carbonate  of  tctretbylphospho* 
nium  being  resolved  into  triethylphosphine  and  carbonate  of  ethyl,  which  passes  over 
in  the  form  of  an  inflammable  aromatic  liquid,  without  any  evolution  of  permanent 
gas : 

[(C*H>)‘P]*CO»  - 2(C*H»)«P  + (C*H*)*CO». 

Salts  of  Tetretbylphosphonium. — The  hydrate  dissolves  in  hydrochloric,  nitric 
and  sulphuric  acids,  forming  crystallisable  deliquescent  salts,  soluble  in  alcohol  bat  for 
the  moet  part  insoluble  in  ether.  The  kydrockiorate  forms  sparingly  soluble  precipi- 
tates with  trichloride  of  gold  and  tetrachloride  of  platinum.  The  goid'Salt, 
(C’H*)*P.AuCl‘,  ciTstaUises  from  boiling  water  in  shining  yellow  needles.  The 
^atinum’Sait,  2(C*H*)*P.PtCl*,  is  a pole  orange-yellow  precipitate,  sparingly  soluble  in 
Ixiiling  water,  insoluble  in  alcohol  and  ether,  not  decomposing  at  160°.  Wlien  recry- 
stallised from  boiling  water,  it  forma  regular  octahedrons  having  their  summita  replace 
by  faces  of  the  cube. 

Chhrosincatf,  2{C’H‘)*PCl.Zn''Cl*. — ^When  oxychloride  of  phosphorus  is  added  by 
drops  to  pure  zinc-ethyl,  a violent  reaction  is  set  up  (explosive  if  an  ethereal  solution  of 
Einc-ethyl  is  used),  and  a colourless  syrup  is  formed  which  gradually  solidifies  to  a 
vitreous  mass,  which  is  decomposed  by  water  into  gaseous  hyd^de  of  ethyl,  insoluble 
oxychloride  of  zinc,  and  a solution  which  when  evaporated  over  oil  of  vitriol  yields  the 
chlorozincate  in  colourless  transparent  dimetrie  crystals : 

4Zn*'(C»H‘)*  + 2P0a»  « 2(C*H»)*PCLZn"a*  + 2Zn"0  + Zn"a* 

The  double  salt  is  permanent  in  the  air  and  easily  soluble  in  water.  (Febal,  Ann.  Ch. 
Pharm.  cxz.  196.) 

Iodide^  (C*H*)*PL — On  mixing  triethylphosphine  with  iodide  of  ethyl,  a violent 
action  ensues  after  a few  moments,  the  liquid  effervescing  with  almost  explosive  violence, 
and  then  solidifying  in  a white  crystalline  mass.  If  an  ethereal  solution  of  triethylphos- 
phino  is  used,  the  crystals  form  more  slowly.  It  is  also  produced  by  submitting 
hydrate  of  ethylene-hexethyl-dipbosphonium  (p.  621)  to  the  action  of  beat,  and  neu- 
tmising  the  alkaline  residue  (which  contains  hydrate  of  tetrethylphosphoninm)  with 
bydrioaic  acid. 

Iodide  of  tetrethylphosphoninm  crystallises  in  rhombobedra]  combinations  (more  or 
less  complex  according  to  the  mode  of  preparation)  of  the  faces  oR,  ooP2,  K,  — 
iP2.  The  angles  of  these  several  faces  in  the  terminal  edges  are  as  follows : R ; R « 
83'^  26';  §P2:JP2  - 127^5';  JP2  : |P2  - 139®;  -iRr-iR  - 111®  46';  R: 
oR  =5  120°  28' ; oR  ; }P2  — 117®.  Isomorphons  with  iodide  or  silver.  (Phil.  Trans. 
1860,  p.  633 ; Jahresb.  1861,  p.  478.) 

The  iodide  is  very  soluble  in  water,  loss  soluble  in  alcohol,  insoluble  in  ether.  The 
^ueous  solution  crystallises  on  addition  of  potasb-solutioD,  in  which  this  compound, 
like  the  iodides  of  tetramethylammonium  and  tetrethylammoninm  (ii.  662 ; hi.  999), 
is  but  slightly  soluble.  From  the  alcoholic  solution  it  is  deposit^  on  addition  of 
ether,  as  a ciyatalline  powder.  If  ether  be  added  to  a cold  alcoholic  solution,  as  long 
as  the  precipitate  first  formed  is  dissolved  by  boiling,  well-formed  crystals  of  the  iodide 
are  deposit^  on  cooling. 

lodozincaUf  ^C’H*)*PI.Zn'T*. — This  salt,  which  constitutes  the  chief  product  of  the 
action  of  ethylic  iodide  on  crystallisod  phosphide  of  zinc  (p.  609),  forms  beantiiul 
yellowish  crystals.  (C  a hours.) 

Mettijl-trletliytpIkosplioDltiinf  (CH'XC’H')*P. — The  iodide^  (CH*)(C*H*)*PI,  is 
produced  by  direct  combination  of  roethylic  iodide  with  triethylphocphino.  The  ^draie 
18  obtained  by  treating  the  iodide  with  silver-hydrate,  or  by  heating  carbosulpbide  of 
triethylphosphine  with  water  (p.  614).  The  aqueoua  solution  mixed  with  hydroehlorio 
acid  ana  tetrachloride  of  platinum  yields  the  pw<mu«-so//,  2(CH*XC*H*)*Pd.PtCl*. 

Stikjl-tiinietlijlplicMplionlaiiif  (C*H*X^^*)'^‘ — iodide^  (C*H*XCB*)*I*r*  *• 
obtained  by  adding  io^de  of  ethyl  to  an  ethereal  solution  of  trimetbvlphosphine,  and 
purified  by  recrystallisatioo  from  boiling  water.  The  hydraU,  obtained  by  decom|>osing 
the  silver-salt  with  silver-hydrate,  yielcb  with  hydroehlorio  add  and  tetrachloride  of 
platinum  a 2{C^*)(CH*)*PCl.PtCl*,  crystalliaing  in  largo  well-defined 

octahedrons. 
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y.  Amyl-compoundt, 

TrlmettirlAinTlpl^^Mplioiilom,  C'H*P  » (CH*^C*H'^)P. — The  U)did^^ 
C*H*PI,  is  deposited  slowly  from  an  etber«>&l  mixtare  of  iodide  of  amyl  and  trimetbyl^ 
phosphine.  It  is  extremely  soluble  in  water,  so  that  if  the  ethereal  solution  of  iodide 
of  amyl  contains  onlj  a trace  of  water,  the  salt  separates  in  the  form  of  a syrup  which 
only  gradually  solidifies.  From  absolute  alcohol  it  crystallises,  though  with  diJficulty, 
in  needles. 

Chloroplatinaie^  2(CH*)*(C*H'*)PCl.PtCl*. — The  hydrate,  formed  from  the  iodide  by- 
means  of  hydrate  of  silver,  yieltls  with  hydrochloric  acid  and  tetrachloride  of  platinum 
a very  soluble  platinum-salt,  which  crystallises  from  bulling  water  in  splendid  needles 
aggregated  in  spherules.  (Hofmann  and  Cabours.) 

Tiietliylamylpliosplionlamt  C"II*P  *»  (C’H*)*(C*H”)P. — Iodide  of  amyl  acta 
but  slowly  on  triethylphoephine.  An  ethereal  mixture  of  the  two  substances  deposits 
in  a few  days  beautiful  crystals  of  the  ioduU  C'H^PI,  which  may  be  purified  by  so* 
lution  in  alcohol  and  precipitation  by  ether. 

The  hydrate,  obtained  by  treating  the  iodide  with  hydrate  of  silver,  resembles  the 
hydrate  of  tetrothylphosphoniuoi.  When  heat^  it  gives  off  a small  quanti^  of  in* 
fiammable  gas,  probably  hydride  of  etliyl,  a liquid  being  also  formed,  which  boils  at 
about  280*^,  and  appears  to  be  the  oxide  of  diethylamylphosphiuo : 

(C»H‘)*(C*H»)PHO  - (G>H*)*(C*H*')PO  + 

Chl&roplatinate,  2(C*H*)\^C*H*')PCl.PtCl*. — The  solution  of  the  hydrate  in  hydro- 
chloric acid,  deposits,  on  admtion  of  tetrachloride  of  platinum,  a beautiful  platinum- 
salt,  which  crystallises  in  prisms  with  flat  terminal  planes.  It  is  insolable  in  alcohol 
and  ether,  but  rather  soluble  in  water, 

8.  Allyl-compoundi. 

Trtstb7l-«ll3rlpbsspltoiamm,C*H»P = (C>H»)\C^»)P.— Iodide  of  allyl  acts  with 
great  energy  on  triethylpbospbine,  forming  a solid  p^uct  which,  when  recirstallised 
fh)m  alcohol,  yields  splendid  needles  of  the  iodide,  (U*H*)^C*H*)PL  The  and 

hydrate  resemble  the  corresponding  compounds  of  tetretbylphosphonium.  The  cAloro- 
^tinate  crystallises  readily  in  octahedrons.  The  siUphocyanate,  (C*H*)*(C>H*)P.CNS, 
obtained  by  treating  the  hydrate  with  sulphocyanic  acid,  is  easily  soluble  and  crystal- 
lises with  difficulty.  (Hofmann,  Phil.  Trans.  1860,  442.) 

(CS)  )„ 

TiietlajlHUlyl^wlplioeArbo-pboaplioiiltrldep  C'*H**NPS  + 

C*H» 

(Hofmann,  Phil.  Trans.  1860,  p.  439). — This  base,  metameric  with  the sulpbocya^ta 
just  mentioned,  and  formed  on  tno  carbamide  or  urea  type,  is  produced  by  the  direct 
combination  of  1 at.  sulphocyanate  of  allyl  with  1 at  triethylphosphinc.  The  two 
bodies  act  on  one  another  with  great  violence,  forming  a brown  mixture  which,  after 
some  da^s,  yields  brown  crystals  difficult  to  purify.  It  b better  to  mix  the  two  sub* 
stances  in  ethereal  solution,  a crystalline  mass  being  then  obtained,  which  may  bo 
purified  by  washing  it  with  cold  ether,  and  once  recrystallising  from  boiling  ether. 

This  compound  crystallises  with  great  facility  in  colourless,  transparent,  well-defined 
crystals,  half  an  inch  long.  They  are  monoclinic,  exhibiting  the  faces  wPgo.oP, 
»P,  +P«,  +2Poo,  +JP.  Ratio  of  axes,  a ; 6:c  • 0*8321  : 1 : 0*3984.  Angle 
of  inclined  axes,  &,  c 115®  15'.  Angle  odP  : »P  (orthod.)  - 132®  27;  oP  : »P  — 
99®46';oP:  odPqo  - 115®  16';  oP:  +P®  = 130®26':oP:  + 2Pqo  « 100®  64'. 
The  crystals  are  less  hard  than  gypsum ; cleave  easily  and  distinctly  parallel  to 
ODpao  and  oP,  (Phil.  Trans.  1860,440.) 

The  compound  is  insoluble  in  water,  but  easily  soluble  in  alcohol,  the  solution 
having  a faint  alkaline  reaction.  It  melts  at  68®.  and  solidifies  at  61®.  At  a higher 
temperature  it  decomposes,  emittiug  a peculiarly  repulsive  odour,  and  yielding  crystals 
of  sulphide  of  triethylphosphine  in  considerable  quantity.  It  dissolves  readily  in  hydro- 
chloric acid,  and  the  solution  mixed  with  platinic  chloride  yields  a light  yellow  scaly 
precipitate  of  a ylatinum-ealt, 

C«H"N*P*S*PtCP  - 2[(CS)"(C*H»)“(C«H»)NP].H*Cl»l»t'"a«. 


«.  Phenyl-eompound, 


(C8)*  ) 

Trlethjl-plieBjt^vlplioeArb«-phosptionltrlde«  C^’H’^NPS  « (C*H^)Hn 

C-H* 

(Hofmann,  Phil.  Trans.  1860,  p.  432). — This  base,  analogous  in  compotation  to  the 
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Rlljl-eompoond  just  described,  is  produced  in  like  maimer  by  the  direct  combination  of 
tricthylphosphino  with  sulphocyanate  of  phenyl,  and  likewise  purified  by  washing  with 
cold  etner  and  crystallisation  from  boiling  ether.  The  crystals  are  monoclinic, 
exhibiting  the  faces  ooP,  ooPod  , ( ooPoo  ),  oP,  with  the  angles  ooP  : ooP  (orthod.)  ■■ 
91®  6* ; oP : — 10^  60*;  oP  : ooPx  » 118®  68*.  The  crystals  are  about  as 

hard  as  gypsum,  and  cleave  distinctly  parallel  to  ooPx , with  fibrous  cleavage  parallel 
to  cePao , This  compound  is  hommomorphous  with  the  preceding,  also  with  thiosinna* 
mine  or  allyl-sulphocarbamide. 

The  phenylic  phosphonitride  melt*  at  57'5®,  and  decomposes  at  100®  like  the  allprl- 
compound,  emitting  also  an  extremely  repulsive  odour.  The  same  decomposition 
tak«'s  place  gradually  at  common  temperatures,  and  most  quickly  when  the  compound 
is  heatet.1  to  160® — 160®  in  scaled  tubes. 

The  phosphonitride  is  iusoluble  in  trover,  but  soluble  in  cdcohol  and  in  boiling  ether. 
It  dissolves  also  with  the  greatest  facility  in  acid*,  even  when  very  dilute,  forming,  in 
many  cases,  easily  erystallisuble  salts  which  are  capable  of  doubU*  decomposition,  and 
from  which  the  base  may  be  sepanited  by  careful  addition  of  {wtash  or  ammonia.  They 
are  however  very  prone  to  decomposition.  acid,  even  if  exin.*mely  dilute, 

decomposes  the  compound,  separating  sulphocyanato  of  phenyl,  and  converting  the  tri- 
ethylphospbino  into  oxide.  The  solution  of  the  base  in  hydrochloric  acid  is  more 
stable,  but  becomes  milky  when  largely  diluted  with  water,  sulphocyanato  of  phenyl 
separating  out,  and  chloride  of  triethylphosphoninm  remaining  in  solution.  ..Ammonia 
added  to  the  concentmted  hydrochloric  solution,  separates  the  base  withont  decompo> 
sition;  but  if  the  dilute  solution  be  boiled  with  ammonia,  the  turbidity  perceptible  at 
the  commencement  disappears  again,  and  after  a few  momeuts,  crystals  of  pneuyl- 
sulphocarbamide  separate,  triethylphosphine  being  likewise  set  freo: 

(csrw  (csr 

(C»H»)«5g  + H»N  - (C»H»)»P  + 

C*H»  r H* 

Potash  acts  in  a similar  manner,  excepting  that  it  separates  diphenjl-iulphoear- 
bamide : 

2 J + 4KHO  - K«3  + K*CO*  + n«0  + 2((?H*)*P  + 

On  adding  a few  drops  of  earbonie  disulphide  to  a solution  of  the  phenylic  phospho- 
nitride,  the  liquid  becomes  deep  red,  and  on  cooling  d*q>osits  crystals  of  carbosulphide 
of  triethylphosphine ; and  the  mother-liquor  yields,  on  evaporation,  oily  drops  of 
phenylic  sulphocyanate. 

Hydrochlorale,  C'*H**NPS.HC1. — The  solution  of  the  phosphonitride  in  hydro- 
chloric acid  solidifies  on  cooling  to  a cnrstalline  mass,  which  when  recrystallised  from 
moderately  warm  water,  yields  splendid  cadmium-yellow  crystals  often  an  inch  long. 
Boiling  water  decomposes  it,  and  the  dry  salt  likewise  decomposes  at  100®.  The  same 
is  the  case  with  all  ue  other  salts  of  the  base : they  must  therefore  bo  dried  in  vacno 
over  oil  of  vitriol. 

The  hydrohromate  is  analogous  to  the  bydrochlorate  in  composition  and  in 
properties. 

The  chloroplaiinate,  2C'*II*'NPSCl.PtCl*,  separates  as  a light-yellow  crystalline  pre- 
cipitate, or  from  dilute  solutions  in  somewhat  better-formed  crystab,  often  in  lily-shaped 
aggregations. 

Methyl’iodidet  C**H”NPS.CII*I  «*  compound  is  formed  on 

CH* 

pouring  iodide  of  methyl  into  an  ethereal  solution  of  the  phenylic  phosphonitride,  and 
separates  immediately  as  a heavy  oil  which  rapidly  solidifies  into  a ciyatalline  massb 
It  is  soluble  in  boiling  water,  and  separates  on  cooling  in  splendid  golden-yellow 
needles. 

MfthyUhlo^atinaU,  C*II“N*P*S»PtCl*  = 2(C“n*»NPS.CH*Cl).Pt'»Cl*.— The 
chloride  obtained  by  treating  the  methyl-iodide  with  chloride  of  silver,  yields  on 
addition  of  platinic  chloride,  an  acicular  platinum* salt  having  this  composition,  which 
may  be  recrystallised  from  boiling  water. 

(CS)**  )N 

Methyl-hydrate,  C'*H**NPSO  - C»>H»KPaCH*(HO)  « (C*n»)^C^»)  Ip.— The 

(Cn>jH  to 

iodide  treated  with  moist  oxide  of  silver  yields  a very  caustic  alkaline  liquid  containing 
this  hydrate^  inasmuch  as,  when  saturated  with  hydrochloric  acid  and  mixed  with 
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plutinic  chloriJe,  it  yields  the  acicular  platumm-salt  jast  described.  It  is  however 
eiu<ily  decomposed ; for  on  boiling,  it  emits  the  odour  of  phenylic  sulpho^rsnate,  and  if 
the  boiling  Lh>  prolonged  till  this  odour  is  no  longer  perceptible,  addition  of  hydro* 
chloric  acid  and  platinic  chloride  no  longer  produces  the  acicular  platinum-salt,  but  in 
its  pUco  liiigo  yellow  octahedrons  are  deposited  on  craporation,  consisting  of  the 
chloroplatinate  of  metbyl-triethyl-phosphouium. 

f.  Bemyl-compound. 

Tfietb7l-beHB7l-pliosplionlm&.  The  chloridt,  (C^H')*(C'H’)PCI,  is  prodneed 
by  heating  trietliylphosphino  with  chloride  of  benzyleno,  C’H*C1*,  to  120° — 130°;  beet 
in  prest'uco  of  uU-ohol : 

3(C^1I*)*P  + CH-Cl*  + HK)  - (C*H*)*(C’n^)PCl  + (C»H*)>HPC1  + (C*H‘)>PO. 
The  benzyl-phoKphonium  base,  liberated  by  suecessire  treatment  with  baryta,  oxide  of 
silver,  and  carbonic  acid,  forms  a strongly  alkaline  liquid,  yielding  a well  crystallised, 
but  very  deliquescent  iodide,  and  a sparingly  soluble  platinnm-salt.  which  when  recrys- 
taUisod  from  boiling  water,  exhibited  the  composition  2[(C*H*)*((7H*)PCl]PlCl*. 

1}.  Monophosphonium$  produced  by  the  action  of  Diatomic  alcoholic 
Bromidee,  Chloride*,  ^c.  on  Trimethyl^  and  Trieihyl^phoephine. 

Brometliyl-trteUixl-pliosplioiilam.  (C^*BrXC=H*)*P. — The  bromide  of  this 
radicle,  ClI'^PBr*  =»  (C*Il*Br)(C’H*)*P13r,  is  produced,  together  with  dibromide  of 
ethylene-liexcthyl-diphosphonium,  by  the  action  of  dibromide  of  ethylene  on  tricthyl- 
phospliine (pp,  608,  Gil): 

(C»n*)'P  + (PH'Br*  - (C»n'BrXC*H‘)*PBr 

and  2(C*H»)*P  + C*H*Br*  - (C*H*)"(C*U‘)*P*Br*. 

The  mixture  becomes  turbid  at  first  and  gradually  solidifies  to  a saline  mass  of  the 
two  salts ; the  action  is  acceleraU-d  bj  gentle  beating.  It  is  best  to  add  the  dibroraido 
of  ethylene  to  tricthylphosphine  mixed  with  twice  its  volume  of  ether  in  a fiask  filled 
with  carbonic  dioxide  and  provided  with  an  upright  condensing  tube.  As  soon  as  the 
liquid,  on  being  heated  with  carbonic  disulphide  (p.  7101,  gives  no  further  indication 
of  the  presence  of  free  tricthylphosphine,  the  separated  crystals  are  collected  on  a 
filter  and  washed  with  ether  to  f^e  them  from  a^ering  dibromide  of  ethylene.  To 
separate  the  two  bromides  (which  are  accompanied  bv  small  quantities  of  oxide  and 
hydrubromate  of  triethylphosphine)  they  are  crystallised  th^  or  four  times  from 
absolute  alcohol,  mixed  for  the  last  crystallisation  with  a little  ether.  The  much  more 
soluble  diphosphonium-bromide  then  remains  in  the  mother-liquors,  and  the  bromide 
of  bromotliyl-triethyl-phosphonium  is  ultimately  obtained  quite  pure  and  sometimes  in 
separate  well*developcd  crystals. — 2.  Brominuted  ethylic  bromide  (C*H*Br.Br),  acta 
upon  tricthylphosphine  in  a similar  manner,  but  less  energetically,  and  yields  a sniaUer 
proportion  of  the  monophosphonium-bromide. 

Bromide  of  bromethyl-trietbyl-phospbonium  crystallises  in  white,  unctuous,  much 
elongatr*d  rhombic  dodecabo<lrons,  very  soluble  in  water  and  in  aqueous  alcohol,  less 
soluble  in  absolute  alcohol.  It  melts  at  236°,  and  decomposes  at  higher  temperatures, 
giving  off  hydrobromic  acid. 

Silver-ealts  added  to  a cold  solution  of  this  bromide,  throw  down  only  half  the 
bromine,  yielding  salts  of  bromethyl-trietl^lphosphonium  which  generally  form  double 
suits  with  the  excess  of  the  silver-suit.  On  continued  boiling,  however,  the  whole  of 
the  bromine  is  precipitated  as  bromide  of  silver,  with  formation  of  a salt  of  vinjl- 
tricthylphosphonium  (p.  608).  It  is  on  account  of  the  greater  force  with  which 
one-half  of  the  bromine  is  retained,  that  the  compound  is  supposed  to  contain  a 
brominatfd  mdiclo.  For  another  view  of  the  constitution  of  this  and  similar  compounds, 
see  Ammo«ovm-basbs  (i.  197).  Silver-oxidc  digested  with  bromide  of  bromethjl-tri- 
cthylphosphonium,  precipitates  all  the  bromine,  and  forma  a solution  of  hydrate  of 
oxethyl-tricthvlphuspboninm.  Potash  has  no  action  on  the  compound  in  the  cold;  after 
prolonged  boiling  it  produces  reactions  which  have  not  yet  been  examined.  When  a 
solution  of  the  bromide,  acidulated  with  stUphurio  acid,  is  digested  with  granulated 
zinc,  bromide  of  tetrethylphosphonium  is  prodneed : 

(C»H^BrXC*H»)>PBr  + H*  « (C*H»)^PBr  + HBr. 

Bromide  of  bromethyl-tricthyl-phospbonium  unites  with  I at  triethyl-  or  trimetkyl- 
ph^^4phiue,  forming  dibromidc  of  cthylrnc-bexethyl-diphosphoninm  or  of  ethylene-tri- 
m*'thyl-tricthyl-(lipho9phonium ; similarly  with  1 at  ammonia,  ethylamine,  diethyl- 
amine,  and  trimethylamine,  forming  dibromides  of  phosphammoninms : e,g,^ 
(C*H'BrXCTI»)*PBr  + NH»  » [(C*H*)"(C»H*)*H»PN]'Bp». 
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Trietkylainine  alone  acta  in  a different  way ; in  presence  of  not  perfectly  dehydrated 
alcohul,  it  forms  bromide  of  ozethyl-theibyl-pbospbonium  and  bromide  of  trietbyl- 
ammoninm : 


(C»H<Br)(C*H*)*PBr  + (C*H»)*N  + 11*0  « (C*H*OXC*H»)*PBr  + (C*H»)*HNBr. 

If  water  be  completely  excluded,  no  action  takes  place  at  100^,  and  the  products  formed 
above  130^  have  not  yet  been  examined. 

Ckloridf  of  Bronuthyl-triethyl-phosphonium  is  obtained  by  digesUng  the  bromide 
with  chloride  of  silver.  It  is  very  soluble  in  water  and  in  alcohol,  and  only  imperfectly 
crystallis.'ible.  The  cMoro-auraie,  (C*H^BrXC*H*)*PCl.AuCl",  crystallises  from  boiling 
water  in  light  yellow  needles  slightly  soluble  in  cold  water.  The  cfUoroplaUnate^ 
2[(C*H*BrXC’H*)*PCl]PtCl\  forms  long  monodinic  prisms  having  an  orange-yellow 
colour  and  vitreous  lustre.  The  crystals  arc  combinations  of  the  faces  oePco , [ oePoo 
06p,  +Pao,  — P»,[Poo],  +P,  — P,  21*2.  Anglo  ooP  : ooP  (ortbod.)  91®  49'; 
ocP  : +P  *=  133®  45';  ooP  : -P  - 133®  3^  +Poo  ; +P  - 160®  37';  -Poo  : -P 
- 160®  14';  2P2:  -P  - 160®  63';  2P2  : odP  = 141®  39'  (Phil  Trans,  i860, 
p.  497).  Ratio  of  axes  a b c =a  0‘9686  : 1 : 0'G*j80.  Angle  of  inclined  axes  6,  c « 
89®  2'.  The  salt  dissolves  rather  sparingly  in  cold,  more  easily  in  boiling  water,  and 
may  be  recrvstullised  without  decomposition. 

Iodide  of  Bromethyl'triethyl-pko»phonium^  obtained  by  decomposing  the  snlphate 
^*ith  iodide  of  iNirium,  forms  sparingly  soluble  jH»arly  scales.  The  nitrate  is  similar  to 
tlie  chloride.  The  sulphate  separates  in  long  white  needles,  easily  soluble  in  waterand 
alcohol,  when  the  bromide  is  first  converted,  by  treatment  with  silver-sulphate,  into  a 
double  sulphate  of  silver  and  bromethyl-triethyl-phoephoniom,  and  the  solution,  after 
being  freea  from  silver  by  sulphydric  acid  and  evaporated,  is  mixed  with  a little  alcohol 
and  ether.  (Hofmann.) 

Chlorwtlsjrl-trletliyl-pliosplionlam.  (C*H*C1XC*H*)*P- — When  triethylphos- 
phine  is  left  in  contact  for  several  days  at  common  temperatures  with  dichloride  of 
ethylene,  or  with  its  isomer,  inonocblorinated  ethylic  chloride,  a white  crystalline  mass  is 
formed,  which  contain.^  chloride  of  chlorethyl-triothyl-phosphonium,  together  with  alarge 
quantity  of  dichloride  of  ethylene-bexetbyl-dipbosphoninm.  On  mixing  the  aqueous 
solution  with  tetrachloride  of  platinum,  a pale  yellow  crystalline  precipitate  is  first 
formed  consisting  of  the  platinum-salt  of  the  diphosphouium ; but  this  afrer  a few 
hours  becomes  covered  with  deep  orange-yellow  crystals  of  the  monophosphoninm 
platinum-salt.,  easily  separated  from  the  preceding  by  mecbanicnl  meana  The  ckloro^ 
platinate^  2[(C*H*ClXC^H*)*PCl].PtCl*,  is  more  soluble  than  the  corresponding  brom- 
ethylated  smt. 

Chloride  of  cbloretbyl-triethylpbospbonium  is  also  produced  by  the  action  of  penta- 
chloride  of  phosphorus  on  the  chloride  of  oxethyl-tricthylphosphonium : 


(C*H‘0XC*H»)*PC1  + PCI*  = (C*H*aXC*H*)*PCl  + Ha  + POCl*. 


Oxetbyl^tiiatbjlpliMpboiiliimt  C”H**PO  (C*H*0)(C*H*)*P. — The  hydratr, 

(C*H*OXC*^)  jg  obtained  by  digesting  bromide  of  bromethyl-triethylphoepho- 
nium  with  hydrate  of  silver: 

(C*H*BrXC*H‘)*PBr  + 2AgHO  - (C*H*0)(C*H*)*PH0  + 2AgBr; 


or  by  decomposing  the  sulphate  of  bromethyl-trictbylphosphonium  with  caustic  baryta. 
When  the  filtrate  obtained  in  either  case  is  evaporateu  over  oil  of  vitriol,  there  remains 
a very  deliquescent  syrup  from  which  potash  separates  the  base  in  oily  drops.  When 
strongly  heated,  it  is  resolved  into  oxide  of  triethylphospbine,  etbylene-gas,  and 
water : 

(C»H‘OXC*H*)*PnO  = (C*H*)TPO  + C*H*  + H*0. 

The  hydrate  dissolves  easily  in  acids,  forming  more  or  less  crystallissble  salts. 

The  bromide  and  chloride  arc  indistinctly  crystalline,  extremely  soluble,  and  easily 
form  donble  salts  with  bromide  and  chloride  of  sine.  The  chloride  is  violently  at- 
tacked by  pentabromido  of  phosphorus,  and  converted  into  chloride  of  bromethyl* 
trii'thyl-phosphonium : 

(C*H»OXC*H*)*Pa  + PBr*  - (C*H*BrXC*H‘)»Pa  + POBr*  + HBr. 

The  chloro-aurate,  (aH*OXC*H*)*PCl.AuCl*,  forms  m)ld-yellow  needles  which  dis- 
solve sparingly  in  boibng  water,  and  melt  to  a yellow  oil  when  the  quantity  of  water  is 
insnfiicient  to  dissolve  them. 

'fhe  eh/orojdatinate,  2((C*H‘OXC*H*)*PClJ.Pta*,  cp'stallises  on  evaporating  a 
sedutiou  of  the  chloride  mixed  with  tetrachloride  of  platinum,  in  small  oruiigo-yellow, 
well-developed  quadratic  octahedrons,  in  which  the  angle  P : P in  the  temiinal  edges 
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— 70®  7' — 71®  4' (calc.  70®  32');  and  in  the  lateral  edges  109®  82* — 109®  44'  (eale. 
109”  28')  (Phil.  Trans.  1860,  p.  464).  The  salt  is  easily  soloble  in  hot  water. 

The  iodidf^  (C*H*OXC^H*)*PI,  crystallises  from  a solntion  of  the  hjdrate  saturated 
with  hydriudic  acid,  and  left  to  evaporate,  in  lon^  needles  which  decompose  at  100®. 
The  perchlorate  forms  lamins  slightly  soluble  in  cold  water. 

Vlajl-trietliylpliosplioiilam,  (C*H')(C*U‘^P. — 1.  The  salts  of  this  base  are 
obtained  by  prolonged  boiling  of  salts  of  broinethybtriethylphosphonium  with  (dlrer> 
salts,  the  acetate  being  the  most  easily  produced : 

(C»fl'I3rXC>H»)>PBr  + 2AgC*E»0»  = (C*H»XC»H»)>P.C*H»0*  + + 2AgBr. 

2.  The  hydrate  appears  to  be  produced  under  certain  circumstances  by  the  action  of 
heat  on  hydrate  of  oxethyl  triethylpbosphonium. — 3.  Bromide  of  bromcthyl-trielhyl- 
pho9|>lioniutn  is  docompus^  by  prolongi'd  heating,  probably  into  hydrobromic  acid  and 
bromide  of  rinyl-triethylphosphouium. 

Chlorophttinatc. — The  solution  (1),  filtered  from  bromide  of  silver,  yields,  on  addi- 
tion of  plutiiiic  chloride  and  sufficient  coDcentration,  octahedral  crystals  of  the  salt 
2(,C^H»XOH*/pCl.PtCP.  (H  o f m a n n.) 


Zodometliyl  •trletbjlplioaplioiilam«  (CII*IXC’H*)*P. — Tnothylpbosphine 

unites  directly  with  di*iodide  of  methylene  C^H*P,  forming  the  iodide  (CH’IXC'H‘)*PI, 
which  when  treated  with  hydrate  of  silver  at  ordinary  temperatures  yields  the  corres- 

ponding  hydrate  q (Hofmann,  Proc.  Roy.  Soc.  x.  613.) 


CJblorometli7l*trletliylpliot^lioiilaiii«  The  chloride^  (CH*C1XC^H*)‘PC1, 
obtaiDKl  in  like  manner  by  the  union  of  1 at.  diehloride  of  ethylene  and  1 at  triethyl- 
jihosphine,  forms  with  platinic  chloride  a double  salt  which  ciystallises  well.  The 
chloride  i.s  capable  of  t^ing  up  a second  atom  of  trietbylpbosphine,  and  forming  the 
diehloride  of  methylene-hcxcthyl-diphosphonium,  (CH*)"(C*H*)*P*CI*, 
which  is  decomposed  by  water,  yielding  chloride  of  mcthyl-triethylphosphonium,  oxide 
of  triethylphospbine  and  hydrochloric  acid : 


(CU")''(CII‘)*P»Cl*  + H»0  - (CH*XC»H»)TC1  + (C*H‘)»PO  + Ha. 
(Hofmann,  Proc.  Roy.  Soc.  xi,  290.) 


BromeUiyl-tiimetliylphoaphoiiliasiu  The  bromide^  (aH*Br)(CH*)*PBr,  is 
formed  by  dige.sting  a solution  of  trimethylphospbino  in  absolute  alcoliol  with  a very 
largo  i-xcess  of  ethylenic  bromide  at  60” — 60®  for  several  hours,  and  separates  on  coid- 
ing  in  welI*d<>8ocd  ciystals,  which  by  a few  recrystallisations  from  absolute  alcohol, 
may  be  obtained  perfectly  free  from  adhering  diphosphonium-salt  The  crystals  are 
trimetric  prisms  exhibiting  the  faces  od^oo  , ooPoo , oP,  oep,  2P2.  Ratio  of  axes 
a .b  '.c  * 0-6681  : 1 : 0-4071  (Phil.  Trans.  I860,  p.  690). 

The  chloTQplatinate^  2(C*H*Br)(CH’)’PCl.PtCl\  crystallises  in  fine  orange-yellow 
needles. 


OxeUijl-trtiB6tlii7lpbosp1ioainmt  (C*H^O)(CH*)*P. — The  hpdraU  produced  by 
the  action  of  Bilver-hydrate  on  the  bromide  of  bromcUiyl-trimothylphosphonium  forms 
with  hydrochloric  acid  a very  soluble  chloride,  which  ^rields  with  tetracliloride  of 
pUtinum  an  easily  soluble  chloroplatinate,  2(aH*OXCn*)*PCl.Pta*,  crystallising  in 
octahedrons.  (Hofmann.) 


II.  BiPHOspnOKivif s. 


Btlijtoiie«bexettapl-dlpbo«pbonlnm,  C'*H’*P^  — (^C*H*)*(an*)*P^. — The 
bromide  of  this  diatomic  base,  (C*H*)''(C*H*)*P*Br*,  U produced  by  the  action  of 
bromide  of  ethylene  on  tricthylphosphine ; 

aH*Br*  + 2(C>H*)*P  - ((?H*)‘'(C>H»)*P*Br*. 

If  the  substances  are  mixed  in  the  exact  proportions  indicated  by  this  <rauation  ( 1 vol. 
bromide  of  ethylene  to  3 vol.  triethylpbosphiue)  the  bromide  of  the  dipnosphonium  is 
obtained  nearly  pure ; but  if  the  bromide  of  ethylene  is  in  excessof  this  proportion,  the 
product  will  likewise  contain  the  bromide  of  bromethyl-triethylphosphonium  (p.  618), 
As  this  monatomic  bromide  is  difficult  to  remove,  it  is  better  to  prepare  the  diatomic 
bromide  by  saturating  the  corresponding  hydrate  with  hydrobromic  acid.  The  dibrnmide 
is  also  easily  pre^^ared  by  the  action  of  trietbylpbosphine  on  the  bromide  of  bromethyl* 
triethylphoBphonmm,  its  formation  taking  place  in  a few  minntefl  in  an  alcoholic  solu- 
tion boated  to  100®. 

The  dibromide  forms  white  needles,  permanent  in  the  air,  very  soluble  in  water  and 
in  alcohol,  insoluble  in  ether. 


•izeo  Dy  Google 


ETHTLENE-DIPHOSPnONnJMS.  621 

On  adding  bromine-waU?r  to  the  aqueoui  eolation,  beaatifnl  yellow,  but  Tery 
imetable  nee^es  are  formed,  probably  consisting  of  a polybromide. 

JBromar^entaie,  (C*H*)*(C*H*^P*Br“.AgBr. — When  the  boiling  concentrated  alco- 
holic solution  of  the  diphosphomum-bromido  is  mixed  with  as  much  silver-oxide  os  it 
is  capable  of  dissolving,  the  hot  filtrate  deposits  on  cooling,  white  crystals  of  the  brom- 
argeutate  which  are  somewhat  diflScult  to  recrystaUise  from  boiling  alcohol.  The 
doable  salt  is  immediately  resolved  by  water  into  bromide  of  silver  and  the  bromide  of 
the  diphosphoninm. 

The  bromide  decomposed  with  hydrate  of  silver  yields  the  corresponding  hydrate, 
which  when  treated  with  acids  yields  the  several  siUte  of  othylene-hezethyl-^phos- 
phonium. 

Carbonate. — Slightly  deliquescent,  reddens  litmus. 

Chloride,  (C®H^)'’(C’H*)‘P*C1’, — Produced  by  saturating  the  hydrate  with  hydro- 
chloric add,  or  by  treating  the  bromide  or  iodide  with  chloride  of  silver ; also  when 
tnethylphosphine  is  mixed  with  dichloride  of  ethylene,  or  heated  for  some  time  to  120® 
with  chlorinated  el  hylic  chloride.  It  forms  abroadly-laminar,  pearly,  very  deliquescent 
crystalline  mass,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether.  It  is  precipi- 
tated unaltered  from  its  aqueous  solution  by  potash. 

Chloroauratc,  (C*n^)'’(C‘‘‘H*)*P^Cl’.2AaCl*. — Golden-yellow  needles,  sparingly  soluble 
in  cold  water,  easily  in  boiling  alcohol. 

ChioropaUadite.-^Adilxite  solution  of  the  diphosphonium-chloride  is  not  precipitated 
by  chloride  of  palladium;  but  on  adding  alcohol,  a chocolate-coloured  crystalline  pulp 
is  formed,  consisting  of  small  interlaced  needles,  the  concentrutt'd  aqueous  solution  of 
which  deposits  reddish-yellow  prisms  on  slow  cooling,  and  a ycllowish-rcd  crystalline 
powder  when  quickly  cooled. 

Ch/oromercurate,  2[(C*H*)"(C*n*)‘P*Cl*].3Hg''Cl*. — Thin  white  laminae  or  needles, 
slightly  soluble  in  water  and  in  alcohol. 

Chloroplatinate,  (^(?H*)''(C*H*)*P*Cl*.PtCl‘. — Tetrachloride  of  platinum  produces  in 
the  most  dilute  solutions  of  the  diphosphonium-chloride  a pale  yellow  precipitate, 
which  crystallisea  from  boiling  hydrochloric  acid  in  small  well  developed  mnnoolinic 
prisms,  having  an  orange-yellow  colour  and  vitreous  lustre.  Inclination  of  axes,  b,  c, 
« 82®  36'.  Observed  faces  oePoe , [ oePco  ],  oP.  Cleavage  perfect  parallel  to  all 
three.  The  salt  is  nearly  insoluble  in  water,  whether  cold  or  boiling. 

The  chloroetannite  forms  large  prisms,  probably  containing  (<J’U*)"(C^n*)*P*CP. 
2Sn''Cl*. 

Chromate. — Stellate  groups  of  extremely  soluble  needles,  obtained  by  saturating 
the  hydrate  with  chromic  acid. 

Cyanide. — This  salt  is  not  obtained  by  saturating  the  hydrate  with  hydrocyanic 
acid ; but  when  the  iodide  is  digested  with  cyanide  of  silver,  a double  salt  passes  into 
solution,  which  crystallisee  in  fine  needles,  but  is  very  easily  decomposible. 

Fluoride. — The  solution  of  the  hydrate  satarated  with  hydrofluoric  acid  dries  up 
over  oil  of  vitriol  to  a colourless  transparent  syrup,  soluble  in  alcohol,  insoluble  in 
ether. — The  tUieo-fiuoride  is  uncrystallisable. 

Hydrate,  — Prepared  by  adding  oxide  of  silver  to  an  alco- 

holic solution  of  the  bromide,  or  better  of  the  iodide,  which  is  more  easily  obtained 
pare  {vid.  inf.\  The  silver-oxide  then  dissolves,  and  the  solution  soon  deposits  a 
compound  of  tne  bromide  or  iodide  of  the  diphosphonium  with  bromide  or  iodide  of 
silver;  but  on  adding  more  silver-oxide  and  a little  water,  this  double  salt  is  decom- 
posed, and  a highly  caustic,  nearly  inodorous,  but  very  bitter  liquid  is  obtained,  which 
when  filtered  and  evaporated  in  the  air,  takes  up  carbonic  acid  and  leaves  a crystalline 
mixture  of  hydrate  and  carbonate,  but  dries  up  in  vacuo  over  oil  of  vitriol  to  a very 
deliquescent,  perfectly  uncrystalline  syrup,  from  which  potash  separates  the  hydrate 
of  ethylene-hexethyl-diphosphonium  in  oily  drops. 

The  solution  of  the  hydrate  is  not  altcr^  by  heating  to  160®,  but  begins  to  decom- 
pose at  160®,  and  is  completely  decomposed  at  250®,  the  nltimate  products  of  the 
distillation  l^ing  triethylphoephine,  oxide  of  trietbylphosphioe,  ethylene-gas  and 
water; 

(C*H<)"(C*H»)*P*H*0*  « (C*H')T>  -t-  (C*H»)>PO  + C»H*  + H*0. 

As  intermediate  products  are  obtained  the  hydrate  of  tetrothylphosphonium  and 
probably  also  hydnte  of  oxethyl-triethylphosphonium. 

The  solution  of  the  hydrate  reacts  with  metallic  salts  in  the  same  manner  as  hydrate 
of  potassium,  excepting  that  the  precipitate  of  zinc-hydrate  formed  by  it  in  rinc-solu^ 
tione  is  insoluble  in  excess  of  the  precipitant,  and  that  the  precipitates  formed  in  acid 
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BolutionB  of  antimonious  chloride  and  etannoue  chloride  are  double  Balts  cirstalliaing  in 
interlaced  needles.  The  hjdmte  separates  ammonia,  aniline,  trUthj/lphoephine  and 
many  other  amines  and  pbc^hines  from  their  salts.  It  has  no  action  upon  phosphorus, 
but  dissolves  sulphur,  forming  a yellow  liquid  which  when  treated  with  acids,  gives  otf 
sulphydric  add  and  yields  a precipitate  of  sulphur,  and  precipitates  lead  from  its  salts 
as  sulphide.  It  dissolves  iodine  with  facility  ; and  on  mixing  the  colourless  solution 
which  contains  the  iodide  and  iodate  of  the  diphoephoniuro,  with  strong  hydrochloric 
acid,  it  solidides,  after  transient  dark  coloration  and  turbidity,  to  a lemon-yellow  crys- 
talline mass  which  crystallises  from  alcohol  in  fine  needles,  and  is  probably  a compound 
of  the  diphosphoninm-iodide  with  chloride  of  iodine. 

Iodate.^VeTj  deliquescent  syrup  which  solidifies  very  slowly  to  a crystalline  mass. 

Iodide,  (C*H*)"(C*H*)*P'I*. — When  the  mother-liquors  obtained  in  the  preparation 
of  bromide  of  bromethyl-triethylphoephonium  (p.  618),  are  treated  with  silver-oxide, 
and  the  filtrate  is  saturated  with  hydnodic  acid,  a solution  is  formed  containing  iodide 
of  cthylene-hexetbyl-diphosphonium,  and  iodide  of  oxethyl-triethylphosphonium,  which 
are  easily  separated  by  crystallisation,  as  the  latter  is  very  soluble  in  cold  water  and 
alcohol,  and  remains  wholly  in  the  mother-liquors  after  the  second  recn'Stallisation. 

The  diphosphoninm-iodide  crystallises  in  white  trimetric  needles,  elongated  in  the 
direction  of  the  brachydiagonnl,  and  consisting  of  combinationaof  the  faces  obP.I^oo  ,with 
others  which  cannot  be  exactly  determined  on  account  of  curvature.  Angle  »P  : ooP  r» 
59®  24';  too  ; Poo  over  the  principal  axis  = 89®  42'.  The  crystals  cleave  perfectly 
parallel  to  ooP  and  Poo , and  nave  a vitreous  lustre  on  the  faces  ooP,  nacreous  on  Pao . 
The  smaller  crystals  are  transparent,  the  larger  ones  milky  and  hollow.  The  salt 
melts  without  decomposition  at  231®,  and  decomposes  at  higher  temperatures,  with  for- 
mation of  a brown  substance  not  further  examined.  Heated  with  caustic  barrta  it 
gives  off  triethylphosphine.  100  pts.  water  dissolve  458  3 pts.  of  it  at  lUO®,  ana  only 
3*08  pts.  at  12®  ; it  is  but  slightly  soluble  in  alcohol,  and  insoluble  in  other.  Potssu 
precipitates  it  in  the  crystalline  state,  even  from  dilute  solutions.  It  forms  double 
compounds  with  various  metallic  salts. 

lodocincate,  (C*H^)"(C*H*)*I”I*.Zn"I*. — Formed  on  mixing  the  aqueous  solutions 
of  the  component  salts,  as  a crystallino  precipitate  which  separates  from  hot  water  in 
Long  needles. 

yUrate, — Lamine  permanent  in  the  air,  very  soluble  in  water,  less  soluble 
in  alcohol,  and  precipitated  from  al(»holic  solution  by  ether  as  an  oil.  Forms  with 
mercuric  chloride  a precipitate  which  crystallises  in  needles. 

Oxalate, — Slightly  crystalline. 

Perchlorate,  (C*H*)'*(C’H‘)*P*.C1*0*. — Beautiful  needles  often  an  inch  long;  may 
be  dried  at  100®  without  decomposition,  but  detonates  with  a higher  temperature. 

Phosphate, — Obtained  by  boiling  the  iodide  with  excess  of  sUver-pbosphste. 
Slightly  crystalline. 

Picrate. — Separates  on  adding  picric  acid  to  a moderately  strong  solution  of  the 
hydrate,  as  a yellow  crystalline  precipitate  which  separates  from  the  boiling  alkaline 
solution  in  long  needles. 

Sulphate. — Radio-crystalline,  very  deliquescent. 

Sulphocyanate. — The  aqueous  solution  produced  by  boiling  the  iodide  with 
recently  precipitated  sulphocyanate  of  silver,  dries  up  over  the  water-bath  to  a crys- 
talline mass,  soluble  in  water  and  in  alcohol,  but  precipitated  from  the  alcoholic  solu- 
tion by  ether. 

Sulphydr ate.— The  solution  of  the  hydrate  saturated  with  sulphydric  acid  leaves 
a gummy  mass  when  evaporated  in  vacuo  over  oil  of  vitriol.  If  evaporated  over  the 
water-bath  with  access  of  air,  it  leaves  the  crystalline  sulphate. 

Tar  fra  fe.— Extremely  soluble;  difficult  to  crystallise. 

Appendix  to  the  Compounds  of  Ethylene-hexethyl-diphosphonium, 

Faradiphosphonium  compounds. — When  the  aqueous  solution  of  hydrate  of 
othylene-diethyl-diphosphonium  is  evaporated  in  a retort  filled  with  hydrogen,  it  begins 
to  decompose  as  above  mentioned  at  160® ; and  if  the  dry  distillation  be  interrupted  as 
soon  as  the  heat  has  risen  to  about  190®,  the  alkaline  residue  then  remaining  yields 
with  hydrochloric  acid  and  a small  quantity  of  platinic  chloride,  no  longer  the  pale 
yellow  crystalline  precipitate  of  chloroplatinnto  of  ethylene-hexethyl-diphosphonium, 
perfectly  insoluble  in  water  and  in  dilute  h^’drochloric  acid,  but  an  amorphous  dirty 
yellow  salt,  easily  soluble  in  hydrochloric  acid.  If  the  dingy  precipitate  produced  by 
the  first  drops  of  the  plutinum-soluHon  be  filtered  off,  and  the  filtrate  treated  with  a 
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farther  quantity  of  the  platinam*solatioD,  the  amorphous  platinum  double  gait  is 
obtained  quite  pur©  and  of  a light  yellow  colour.  The  same  double  salt  is  produced 
by  similar  treatment  of  the  hydnito  of  oxcthyl-trictbylphosphonium ; also  by  adding 
hydrochloric  acid  and  platinic  chloride  to  the  mixture  of  hitherto  uncxaroineil  pivKlucta 
formed  by  prolonged  heating  of  monobrominuted  ethylene  (bromide  of  vinyl,  CMI’lir) 
with  triethylphosphine  to  160° — 180°.  It  has  the  same  percentage  composition  as  the 
chloroplatinate  of  ethylene-hexetliyl-dipbosphonium.  If  the  amorobous  pale  yellow 
precipitate  suspended  in  water  be  decomposed  by  solphydric  aciu,  and  the  filtrate, 
freed  from  the  excess  of  that  gas,  be  treated  with  silrer-oxide,  the  resulting  solution  of 
paraethylene^hoxethyl-diphosphonium  hydrate  yields,  when  saturated  with  hydriodic 
acid  and  evaporated,  a gummy  masB  which  slowly  becomes  cnrstalline,  and  after 
repeated  crystallisation  is  identical  with  the  iodide  of  ethylene-bexethyl'diphospho- 
nium.  Hence  it  appears  that  the  paradiphosphonium  salts  are  gradually  roconverled 
into  ordinary  diphosphoniura^salts.  (Hofmann,  Phil.  Trans.  1860,  p.  633.) 

Btb7lesie-tri«ttiyl-tiimMhjl*<llptiQ«plKOiiiain.  The  bromide  of  this  radicle, 
(C’H*)”(C*H*)*(CH*)*P'Br’,  is  produced,  with  violent  action,  by  treating  the  bromide  of 
bromethyl-trifthylphosphonium  with  trimethylphosphinc.  It  is  more  soluble  than  the 
bromide  of  the  hcxethylated  base,  which  it  resembles  in  other  rc'spects.  When  digested 
with  moist  silver*oxide  it  yields  an  extremely  caustic  hydrate,  which  forms  with  hydro- 
chloric acid  and  platinic  chloride  a pale  yellow  scaly  chlorojdatinaie  containing 

(c*n*/'(C*H‘)\CH*)>p’a».Ptci*. 

atliylene-liezinwtliyl-dlplioaplioiilam.  The  hroniide,  (C*H')*(CH*)*P’Br’,  is 
produced  by  treating  bromide  of  ethylene  at  100°  wnth  excess  of  trimethylphosphine. 
it  is  extremely  deliquescent,  but  may  be  obtained  with  some  difficulty  in  well-developed 
monoclinic  crystala  having  the  axes  a : 6 : c a 1-05446  : 1 : 1*1265,  the  angle  of  the 
axes  6,  c *»  37°  49',  and  exhibiting  the  faces  oP,  oep,  [P«  ].  Angle  ocp  : oop 
(orthod.)  » 83°  13';  oP  : ocP  - 121°  38';  + Poo  ; osP  - 99°  8'. 

The  chloropiaiinate,  (C*H^)"(Cn*)"P*Cl^PtCl*.  obtained  in  the  u.'iual  way.  is  a yellow, 
apparently  amorphous  precipitate  which  crystallises  from  boiling  hydrochloric  acid  in 
golden-yellow  lamime. 

The  iodide^  (C’H*)'’(CH*)*P*I*,  obtained  by  saturating  the  hydrate  with  hydriodic 
acid,  forms  beautiful  sparingly  soluble  needles. 

III.  Fbospuamxokiums. 

BtlijtMie«trletliylpliosplumiinontnm«  C*n^NP  a (C^IP)*>n — The  6ro- 

wide  of  this  diatomic  base  is  obtained  by  digesting  an  alcoholic  solution  of  bromide  of 
bromethyl-triethylphospbonium  with  ammonia  for  half  nn  hour  in  a scaled  tube  at  100° 
On  leaving  the  alcohol  to  evaporate,  the  phosphammoniuui-bromide  remains  slightly 
contaminated  with  bromide  of  ammonium : 

(C»H*Br)(C’H‘)»PBr  + NH>  - (C*H*)"(C^n‘)>H’PN.Br*. 

The  pure  salt  is  best  obtained  by  saturating  the  hydrate  with  faydrobromic  acid.  It 
crystallises  pretty  well,  but  is  very  deliouescent. 

The  chloride  and  iodide  resemble  the  bromide. — The  ^rcA/urofc  is  sparingly  soluble 
and  crrstallUcs  readily. 

The  chloroauratet  (C*n*)"(C’II*)*Il’PNCP.2AuCl*,  is  a golden-yellow  precipitate  con- 
sisting of  slender  needles,  sparingly  ifolnble  in  water. 

The  dUoTopiatinatc,  (C*ii*/tC^n*/H*XPCl*.PtCI*,  is  obtained  as  a pale  yellow, 
slightly  crystalline  precipitate,  which  dissolves  sparingly  in  boiling  water,  and  crys- 
tallises from  hot  concentrated  hydrochloric  acid  in  well-devclopca  trimetric  prisms, 
exhibiting  the  faces  , co^^Qo , oop,  I*oo . Angle  ceP  : ooP  m 119°  40';  fee  : 
odI*oo  » 160°  38'.  Hardness  somewhat  greater  than  that  of  gypsum. 

The  hydrate^  (C*H  ) (C  H ) II  | q,^  obtained  by  treating  the  bromide  with  sil- 
ver-oxide, may  be  concentrated  without  change  at  the  heat  of  the  water-bath,  and 
finally  separated  by  potash  in  oily  drops.  When  more  strongly  heated  it  gives  off 
ammonia  and  leaves  hydrate  of  vinyl-triethylphospbammonium : 

(C»H*)*'(C»H*)*H«NP.H»0»  - (C»n»)(C*H*)»PnO  NH»  + H*0. 

athyleBO-tatrethylpliospliasnxuonlani.  (C’H*)"(C’II‘)*H*NP.— The  bromide 
is  obtained  by  the  combination  of  ethylaminc  with  bromide  of  bromethyl-truthylphos- 
phonium  (p.  608). — The  hydrate  may  be  separated  from  its  solution  in  oily  drops  by 
concentration  over  the  water-bath.  It  yields  salts  by  saturation  with  acids. 

The  iWfrfr,  (C*H*)"(C’H*)^H*NP.I*,  forma  white  needles,  easily  soluble  in  water  and 
in  aqueous  alcohol,  sparingly  soluble  in  absolute  alcohol,  insoluble  in  ether.  Potash 
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precipitates  it  from  its  aqueotis  eolation  without  decomposition,  as  an  oil  which 
gradutilly  solidifies. 

The  chlorocuraU,  (C*IT^)'’(C*H*)*H*NPCl*.2AuCl*,  forms  golden-yellow,  sparinglr 
soluble  needles. — The  chlor^atinatey  (C’H*)'*(C’n*)*Il*NPCl*.PtCl*,  cry  stall  i!»es  in 
orange-ToUow,  trigonal-tabular  or  sphenoidal  moDOclinic  combinations,  ooPoo  .oP.  oeP. 
[ odPoo  j,  usually  hemiraorphously  developed,  sometimes  on  one,  sometimes  on  the  other 
side  of  the  orthodiagonal.  Angle  »P  : oP  * 93®  8' ; ocP  : otP  in  the  orthodiagonal 
principal  section  — 89®  50';  [Poo]  : [Pco]  in  the  cUnodiagonal  principal  section  » 
90®  29';  oP  : ooP®  - 86®  62'. 

Btlixlene-pwiitetliyl-pliosphMmnoBlain.  (C*H*)'(C’H*)*HNP.— The  bromide 
is  formed  by  the  action  of  diethylamine  on  bromide  of  bromelhyl-triethylphosphoniura, 
—The  chloroplatinattt  (C*H*)"(C*H*)*HNPCP.PlCP,  crystallises  in  rectangular  plates. 

BtlixleBe^trlethxl*iaeU»xlpbo«pbmmiaoBlQm.  The  bromide  is  formed  by 
digesting methylamine  with  bromide  of  bromcthyl-trietbylphosphonium. — Thr  platinunl^ 
Midi,  (C*H*)"(0*H*)\CH*)H*NPCP.PtCP,  crystallises  iu  long  needles,  very  sparingly 
soluble. 

»tbyl6ne"trietbyl*trimetbylpbo»phbnimenlnm.  The  bromide  is  pnxluced 
by  the  union  of  triraeihylamine  with  bromide  of  bromcthyl-triethylphosplionium. — The 
platinumsaltt  ciyetalliBcs  in  beautiful  needles. 

IV.  Phosprabsoxiums. 

The  only  salts  of  this  group  yet  discovered  are  those  of — 

Btbylene-bexetbylpbospbanoiilaiii.  The  (C'II*)''(C’IP)*PAsBr*,  is 

produced  by  digesting  bromide  of  bromethyl-triethylphosphonium  with  triethylarsino 
ID  a sealed  tube.  When  digested  in  the  cold  with  moist  oxide  of  silver,  it  is  converted 
into  the  hydrate,  (C*H*)’'(C*H‘PPAs.H*0*,  the  solution  of  which  is  resolved  by  boiling 
into  hydrate  of  oxethyl-triethylphosphoniam  and  trietbylarsine : 

(C*H‘)'(C»H*)*PAsH*0*  - (CWOKC*H»)>PHO  + (PH‘)»A8. 

The  hydrate  saturated  with  hydrobromic  or  tydriodic  acid  yields  the  bromide  or 
iodide  in  fine  needles. 

The  ehloroplatinaie,  (C*H^)"(C*H*)*PAflCl*.PtCl*,  is  obtained  by  adding  platinic 
chloride  to  the  aqueous  solution  of  the  pbospharsonium-chloride,  as  a pale  yellow  pre- 
cipitate which  is  nearly  insoluble  in  water,  and  ci^taUisee  from  boiling  hydrochloric 
acid  in  orange-red  triclinic  prisms,  ooP®  . oof*®  , oP  . . 2P  » . K.  Angle 

ooPoo  : ooP®  - 98®  8';  ooP®  : oP  = 91®  46';  F : »P®  « 1 16®  66' ; 2P « : 
oopao  n 146®  86' ; P'oo  : ooroo  126®  67'.  The  crystals  cleave  parallel  to  ooP® 
and  oP. 

V.  Tbiphosphoxiur-covpocxds. 

When  trietbylphosphine  is  gradually  mixed  with  crystals  of  iodoform  as  long  as  any 
rise  of  temperature  is  thereby  produced,  a light  yellow  viscid  mass  is  formed,  the  solu- 
tion of  which  in  boiling  alcohol  deporits  crystals  of  iodide  of  formyl-ennethyltri- 
phosphonium,  (C*li)'"(C*H*)*P*P.  This  salt  dissolves  easily  in  water  and  sparingly 
in  alcohol,  but  is  insoluble  in  ether.  Iodide  of  rine  added  to  the  aqueous  solution 
throws  down  a white  double  salt  containing  2(C*H)'''(C*H*)*P*I*.3Zn'l*.  Tetrac^oride 
of  jtiatinum  forms  alight  yellow  precipitate  of  a platinum-salt,  2(CH)"'(C*H‘)*P*Cl*. 
3PtCl^,  which  crystallises  from  l^ilin^  alcohol  in  rectangular  laminae.  The  iodide 
treated  with  oxide  of  tUver  does  not  yield  the  corresponding  hydrate,  but  undergoes 
decomposition,  forming  hydrate  of  roethyl-tricthylphosphonium  and  oxide  of  triethyl- 
phosphine : 

(CH)-'(C*H‘)»P*I»  + 3AgHO  - 3AgI  + (CH')(C*H‘)>PHO  + 2(C>H‘)»PO. 
Triethylphosphine  treated  with  chloroform  or  with  tetrachloride  of  carbon  yields  the 
chloride  of  formyl-eoDetbyl-tripbospboniura.  (Hofmann,  Proc.  Roy.  Soc.  x.  189;  xi. 

290.) 

9H0T00BBBO8TKT.  See  Light,  Cuxmical  Acnox  or  (iii.  678). 

PBOTOOSB.  A term  applied  to  the  light  hydrocarbon  oils  obtained  by  distilling 
coal,  shale,  peat,  &e.,  at  low  temperatures,  and  used  for  burning  in  lamps.  (See  Pabap- 
nx,  pp.  344-^49.) 

PBOTOOlt&PBT.  The  history  of  the  art  of  producing  sun-pictures,  and  a sketch 
of  the  several  methods,  have  already  been  given  in  the  article  on  the  Chemical  Action 
of  Light  (iiu  692).  The  present  article  contains  a more  detailed  account  of  some  of 
the  processes  now  in  use. 
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A.  ProctfMT#  in  tthich  SUver-talU  are  used. 

L Wet  GModion  Process, 

1.  The  photographic  collodion  is  prepared  by  dissolving  6 grms.  of  gon>cotton  or 
pyroxylin,  carefhlly  washed  and  neut^  to  test-paper,  in  a mixture  of  200  cub.  cent, 
of  alcohol  of  40  per  cent,  and  300^  cub.  cent,  ether  of  62  per  cent.;  and  to  this  solu- 
tion is  added  a mixture  of  45  grms.  of  cadmium-iodide  with  a little  ammonium-iodide, 
and  1*25  grm.  cadmium-bromide  with  a trace  of  ammonium-bromide,  all  finely  pul- 
verised. 

2.  To  prepare  the  sensitive  surface,  a plate  of  glass  free  from  flaws,  thoroughly 
cleansed  by  washing  with  water,  nitric  acid,  alcohol,  &c.,  and  quite  free  from  dust,  is 
covered  with  the  prepared  collodion,  and  plunged  wet  at  one  dip  in  a solution  of  silver- 
nitrate  containing  8 pts.  of  the  salt  in  100  pts.  of  water.  The  coagulated  colloditm 
then  imprisons  within  its  pores  the  iodide  and  bromide  of  silver  resulting  from  the 
chemical  reaction,  and  thus  forms  a continuous  sensitive  film.  The  plate  is  then 
exposed  to  the  ac6on  of  light  in  the  camera  for  an  interval  varying  from  30  seconds  to 
6 minutes  according  to  the  intensity  of  the  li^t. 

3.  Developement  of  the  Picture. — The  exposure  of  the  plate  in  the  manner  just  men- 
tioned does  not  produce  any  visible  image  ; but  the  iodide  and  bromide  of  silver  in  the 
film  have  undergone  a certain  change,  their  atoms  having  apparently  acquired  a certain 
degree  of  mobility,  in  consequence  of  which,  when  submittAi  to  the  action  of  reducing 
agents,  such  as  ferrous  sulphate  or  pyrogallic  add,  they  suffer  decomposition,  the  silver 
being  reduced  to  the  metallic  state  and  forming  an  opaque  metallic  film  on  those  parts 
of  the  surface  which  have  been  exposed  to  the  light.  To  effbot  this  reduction,  the  sen- 
sitive plate,  immediately  after  its  remo>*al  from  tlie  camera,  is  washed  with  one  of  the 
two  following  solutions: 

Saturated  solution  of  ferrous  sulphate 

Filtered  water 

Glacial  acetic  acid  .... 

^ Alcohol  of  36° 

Or: 

Water 

Acetic  add 

Pyrogallic  add  . ... 

4.  Strengthening  {Renfor^age).  This  necessary  but  ve^  delicate  operation  consists 
in  washing  the  plate  with  a solution  of  2 grms.  nitrate  of  silver,  100  c.  c.  distilled  water 
and  5 c.  c.  alcohol, — then  with  one  of  the  developing  solutions  above  mentioned, 
then  again  with  the  strengthening  liquid,  and  so  on,  till  the  picture  has  acquired  the 
proper  degree  of  intensity.  Or  instead  of  subjecting  the  plate  to  these  alternate 
wa^ngs,  It  may  be  immersed  in  a mixture  of  the  devdoping  and  strengthening  solu- 
tions made  just  before  it  is  wanted  for  use.  The  plate  is  then  carefully  wash^  with 
pure  water. 

5.  Fixing — To  remove  the  undecomposed  portions  of  iodide  and  bromide  of  silver, 
and  thus  protect  the  picture  from  the  fisher  action  of  light,  the  plate  is  immersed  either 
in  a solution  of  cyanide  of  potassium  containing  2 per  cent  of  the  salt  or  in  a solution 
of  hyjMyl^ite  of  sodium  containing  25  per  cent,  then  washed  carefriUy  with  a laige 
quantity  of  water. 

The  last  operation  consists  in  camishing  the  picture,  the  plate  having  been  pre- 
viously heated  so  that  the  varnish  may  spread  over  it  uniformly. 

The  picture  obtained  by  this  process  is,  as  already  observed  (iii.  693),  a negative 
icture,  the  parts  most  strongly  acted  upon — which  of  course  correspond  with  the 
lightest  parts  of  the  object — being  the  darkest-  To  obtain  positive  pictures,  a sheet 
of  white  paper  of  good  quality  is  covered  on  one  surface  with  a layer  of  albumin  mixed 
with  a convenient  quantity  of  sal-ammoniac.  It  is  then  rendered  sensitive  by  laying 
it  for  a while  on  a solution  of  nitrate  of  silver  of  the  strength  of  IS  per  cent.,  taking 
care  to  avoid  the  presence  of  air-bubblos  between  the  paper  and  the  surface  of  the  liquid. 
The  albumin  thus  becomes  impregnated  with  chloride  of  silver.  The  paper  thus  pre- 
pared is  placed  when  dry  behind  the  negative  picture,  and  exposed  to  light,  whereby 
the  chloride  of  silver  is  reduced  on  those  parts  which  are  behind  the  transparent  parts 
of  the  negative,  while  those  portions  of  the  surface  which  are  bcliind  the  opaquo  parts 
of  the  negative  remain  unaltered. 

The  silver  thus  reduced  has,  however,  nn  unpleasant  red  colour,  and  to  obtain  a 
darker  and  more  agreeable  tint,  the  picture  is  steeped  in  a gold-bath  composed  of 
1000  grms.  distilled  water,  30  grms.  neutral  acetate  of  sodium,  and  1 grm.  trichloride 
of  gold  mixed  with  chloride  of  potassium.  As  soon  as  the  desired  tint  has  been 
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obtained,  an  effect  which  is  rapidly  produced  at  the  temperature  of  26^  0.,  the  pictoro 
is  to  be  fixed  by  immersing  it  in  a bath  composed  of  600  grms.  distilled  water  and 
100  arms,  hyposulphite  of  sodium,  then  washed  sereral  timee  during  12  hours  with 
distiUed  water.  These  operations  of  toning  and  fixing  must  be  performed  in  a room 
from  which  daylight  is  excluded. 

To  ensure  success  in  the  process  above  described,  attention  must  be  pud  to  certain 
precautions : 1.  The  silrer-bath  used  for  obtaining  the  negative  must  be  slightly 
acid.  If  it  is  neutral  or  basic,  the  image  will  be  cloudy  and  deficient  in  strength  in 
the  darker  points ; if  it  is  too  add,  the  production  of  the  picture  takes  place  slowly.  If 
it  is  either  supersaturated  or  insufficiently  charged  with  i^ide  of  silver,  especially  if  the 
film  of  collodion  is  not  very  thick,  the  negative  obtained  will  be  full  of  holes.^2.  The 
glass  must  be  free  from  defects  and  thoroughly  freed  from  dust,  otherwise  partial  reduction 
af  the  silver  takes  place  before  the  plate  is  exposed  to  the  action  of  the  developing  solution. 

The  great  objection  to  photographs  on  paper  is  their  alterability.  In  connection 
with  this  the  following  fact  is  interesting.  The  hyposulphite  of  sodium  used  for 
removing  the  excess  of  silver-chloride  forms  sodio-argentic  hyposulphites,  one  of 
which  being  but  very  slightly  soluble,  remains  in  the  paper  and  gradually  decomposes, 
ultimately  destroying  the  picture ; whereas  the  other,  which  is  formed  when  the  hypo- 
sulphite of  sodium  is  in  laige  exc^as,  is  very  soluble,  so  that  when  the  latter  condition 
is  fulfilled,  the  subsequent  washing  removes  nearly  ^ if  not  the  whole  of  the  alterable 
substance  remaining  on  the  paper.  Photographs  fixed  within  the  last  few  years 
with  due  attention  to  this  circumstance  have  remained  unaltered  up  to  the  present  time. 

The  author  of  this  article  proposed  two  years  ago  to  remove  the  hyposulphites  by 
the  use  of  chlorine-water,  frve  f^m  hydrochloric  acid,  and  added  in  proportion  to  the 
quantity  of  hyposulphite  which  might  remain  in  the  picture : an  excess  would  give 
rise  to  the  chlorination  of  the  gold  and  silver  in  the  picture.  The  hyposulphite  might 
also  be  converted  into  sulphate  by  means  of  a solution  of  oxygena^  water,  recently 
prepared  with  peroxide  of  barium  and  carbonic  acid,  and  fraed  uom  excess  of  the  latter 
by  means  of  baryta-wnter. 

Direct  Poaitivrs  on  Gl<us. — The  picture  obtained  on  a sensitive  collodion  plate  by 
very  short  exposure  in  the  camera,  and  very  slight  developement,  may  serve  as  a 
positive  when  placed  upon  a black  ground.  Under  these  conditions,  the  very  small 
quantity  of  silver  reduce  on  the  lights  of  the  picture  conceals  the  black  ground,  and 
appears  white,  w'hilst  in  the  parts  corresponding  to  the  shadows  of  the  object  no  silver 
is  reduced,  and  the  black  ground  shows  through.  The  collodion  for  these  pictures  is 
prepared  with  300  c.  c.  water,  125  c.  c.  alcohol,  and  3 grms.  pyroxylin  ; and  to  this  is 
added  a mixture  of  175  c.  c.  alcohol,  7 grms.  iodide  of  ammonium,  and  07  gnn. 
nitrate  of  silver.  The  plate  is  rendered  sensitive  by  immersion  in  a bath  of  silver- 
nitrate  containing  5 per  cent,  of  the  salt  acidulated  with  a few  drops  uf  nitric  acid ; and 
after  a very  short  exposure  in  the  camera,  the  picture  is  develop^  with  a mixture  of 
100  c.  c.  saturated  solution  of  ferrous  sulphate,  600  grms.  water,  20  grms.  acetic  acid, 
20  grms.  alcohol,  and  5 grms.  sulphuric  acid,  and  fixed  with  cyanide  of  potassium. 
Lastly  the  back  of  the  glass  plate  is  covered  with  a mixture  of  oil  of  toxpentine, 
Mecca  balsam,  and  lamp-lnack. 

11.  Dry  CoUedion  Proee*f, 

This  process,  which  differs  from  the  preceding  only  in  the  mode  of  obtaining  the 
negative,  has  the  advantage  of  enabling  the  operator  to  prepare  beforehand  a large 
supply  of  sensitive  plates,  and  thus  to  take  a considerable  number  of  pictures  on  the 
same  day,  a convenience  which  is  especially  valuable  in  landscape  photography. 

The  l^st  mode  of  proceeding  is  to  cover  the  collodion  plato—rcnder^  sensitive  as 
usual  by  immersion  in  a slightly  acid  silver-bath,  then  washed  several  times  in  dis- 
tilled water — with  a solution  of  tannin  freed  from  resinous  matter  and  having  a 
strength  of  3 per  cent.  The  plates  thus  prepared  are  as  sensitive  after  the  lapse  of 
sevei^  months  as  immediately  after  preparation.  The  picture  is  developed  with 
pyrogallic  acid. 

O^er  modifications  of  the  dry  collodion  process  are  Tam  p on  ot's  process  with  albu- 
minised  collodion,  and  those  in  which  the  dry  collodion  film  is  covered  with  sugar,  honey, 
metagelatio,  &c. ; hut  none  of  these  are  equal  to  the  tannin  process  just  mentioned, 
whiw  is  due  to  Major  Russell. 

III.  Albumin  iVocess  on  Glas*. 

This  process,  due  to  Niepce  de  St.  Victor,  includes  the  taking  of  both  negatives 
and  positives  on  albuminised  plates.  A layer  of  albumin  impregnated  with  iodide  of 
potassium  is  rendered  sensitive  in  a bath  composed  of  100  grms.  water,  lU  grms. 
nitrate  of  silver,  and  10  grms.  acetic  acid.  The  picture  is  developed  with  gallic  add, 
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fixed  with  hyposulphite  of  sodium,  and  brought  to  an  agreeable  tint  by  means  of 
chloride  of  mercuiy  or  chloride  of  gold. 

B.  Photographic  Processes  without  Silver-salts, 

1.  Photography  with  Carborif  Ferrous  salts  or  Ura7iium-salts. — Of  those  three 
methods,  the  first  is  that  which  yields  the  best  results.  It  depends  on  the  action  of 
light  on  the  salts  of  chromic  acid  and  on  gelatin  or  a similar  substance. 

A sheet  of  paper  impregnated  with  those  matters  is  placod  behind  a negative  and 
exposed  to  light,  whereby  the  substances  are  rendered  insoluble  in  the  parts  corres- 
ponding to  the  transparent  portion  of  the  native,  and  therefore  to  the  dark  parts 
of  the  original  object.  The  parts  thus  altered  are  alone  capable  of  retaining  por- 
phyrised  black,  or  coloured  powders,  or  lithographic  ink,  subsequently  applied  to  the 
surface  of  the  paper. 

The  processea  depending  on  the  use  of  ferrous  and  uranic  salts  present  no  particular 
interest. 

2.  The  processes  of  photolithography,  photoxincography,  that  called 
heliography  discovered  by  Niepce  in  1627,  and  photogalvanography  are 
describe  in  the  article  Liom  (iii.  694).  The  last-mentioned  process,  depending  upon 
the  property  possessed  by  certain  substances,  chromat  ised  gelatin  for  example, 
of  losing,  by  insolation,  the  power  of  swelling  up  in  water,  or  when  exposed  to  the 
action  of  steam,  was  invented  by  M.  Poitevin,  and  has  lately  been  much  improved 
by  a very  skilful  operator  of  Parin  M.  Villeneuve,  who  has  advantageously 
modified  the  manipulations,  and  replaced  the  gelatin  by  another  substance,  the  com- 
position of  which,  however,  he  keeps  secret.  The  impressions  obtained  from  the 
plates  formed  by  bis  process  are  extremely  delicate. 

For  further  details,  see  Pelouzeet  Frdmy,  Traiti  de  Chimie^  3om  ed.  iii.  1429-148G. 

A method  of  measuring  the  relative  sensitiveness  of  different  photographic  papers  is 
described  by  A MeDougall  in  the  Journal  of  the  Chemical  Society,  voL  xviii.  p.  183. 

A.  H. 

VBOTOSAmronV.  C'H'W  (F.  Sentini,  Ball.  Soc.  Chim.  1864,  ii.  21; 
1865,  i.  271.) — A neutral  substance,  produced,  together  with  formic  acid,  by  the  action 
of  light  on  santonin.  The  change  t^es  place  slowly  under  the  influence  of  diffused 
dayUght,  more  quickly  on  exposing  santonin,  either  diy  or  in  contact  with  water,  to 
the  action  of  the  direct  solar  rays ; but  the  transformation  is  not  complete  even  after 
three  months'  exposure.  A better  mode  of  effecting  it  is  to  expose  an  alcoholic  solution 
of  santonin,  froed  from  air  by  passing  carbonic  anhydride  through  it  and  then  sealing 
it  in  a tube,  to  sunshine  for  al^ut  a month.  The  liquid  then  acquires  a yellow  colour, 
and  when  it  is  subsequently  mixed  with  about  fifteen  times  its  volume  of  water,  the 
photosantonin  separates  in  oily  drops,  which,  in  the  course  of  a day  or  two,  crystallise 
m white  lamins : it  may  be  purified  by  two  or  throe  crystallisations  from  alcohol. 
The  last  portions  which  separate  have  a yellow  colour,  arising  from  a resinous  sub- 
stance ; tois  may  be  dissolved  out  by  learmg  the  pbotosnntonin  for  two  days  in  con- 
tact with  cold  potash-ley,  which  also  favours  the  crystHlUsation  of  the  photosautonin. 

Photosantonin  is  colourless  and  transparent,  destitute  of  odour,  but  has  a slight  bitter 
taste.  It  crystallises  in  square  plates,  which  have  no  action  on  polarised  light,  a cha- 
racter by  which  this  substance  is  easily  distinguished  from  santonin.  It  melts  between 
64°  and  65°,  begins  to  give  off  vapour  at  180'’,  and  boils  at  305°.  It  is  insoluble  in 
cold  water,  but  dissolves  in  boiling  teaser  sufficiently  to  impart  a distinctly  bitter  taste; 
alcohol  and  ether  dissolve  it  in  Urge  quantity,  forming  very  bitter  solutions. 

Photosantonin,  exposed  to  the  air  for  nine  or  ten  months  at  100°,  diminishes  slightly 
in  weight,  and  is  pailly  converted  into  a yellow  resin  soluble  in  potash.  In  contact 
with  strong  tiifnc  oerW,  it  liquefies,  forming  drops  which  float  on  the  acid.  Strong 
sulphuric  add  colonrs  it  orange-yellow,  and  then  decomposes  it. 

II’  )v 

PKTKAX^A.MZC  ACZB.  C^’NO*  - (C«H‘OyVQ.  (Marignac,  Ann.  Ch. 

Pharm.  xlii.  219. — Laurent,  Bev.  scient  xiii.  601.) — Produced  by  the  action  of 
aqueous  ammonia  on  phthalic  anhydride.  Crystallises  in  a mass  of  fine  flexible 
needles,  forming  an  acia  solution  with  water.  It  gives  off  water  between  100°  and 
120°,  and  is  conyerted  into  phthalimide,  OH*NO’,  which  sublimes  at  a higher  tempe- 
rature. The  aqueous  solution,  after  boiling  for  some  time,  yields  phthalate  of  ammonium 
on  evaporation. 

PhtMlamate  of  diver,  OH’AgNO*,  is  a white  precipitate,  composed  of  eirstalline 
scales  if  formed  with  boiling  solutions.  It  is  quite  insoluble  in  water ; melts  when 
heated,  and  decomposes  without  explosion. 
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Obtained  by  boiling 


Phenyl'phthalamic  acid,  C‘*H"NO*  - (C-H^O*)" 

pbenyl-phtbalimide,  C'*H*NO* , with  aqueons  ammonia  coutaininga  little  alcohol.  The 
liquid,  if  neutralised  with  nitric  acid  while  atill  hot,  yields,  on  cooling,  a fine,  irregu- 
larly laminated  crystalline  mass  of  phenyl-phthalamic  add.  The  acid  is  very  slightly 
soluble  in  cold  water,  but  dissolves  easily  in  alcohol.  When  fused  with  potash  at  a 
gentle  heat,  it  gives  off  aniline.  When  saturated  with  ammonia,  it  gives  a white  precipi- 
tate with  nitrate  of  silver.  (Laurent  and  Gerhard t,  Ann.  Ch.  Fhys.  [3]  zxiv.  188.) 

>MTKA1LAMIW>  C*H*XO*. — A base  produced,  together  with  naphthylamine, 
by  the  action  of  ferrous  acetate  on  nitronaphthalene.  The  two  bases  may  be  separated 
by  treating  the  crude  product  with  sulphuric  acid,  the  sulphate  of  phtbalamine, 
2CH*N0’.H*S0*.2H*0,  being  more  soluble  than  the  naphthylamine  salt. 

Fhthalamine  is  precipitated  from  the  solution  of  its  sulphate  by  ammonia  in  oily 
drops,  which  are  heavier  than  water  and  taste  like  naphthylamine:  its  salts  do  not 
redden  so  easily  on  exposure  to  the  air  as  thoee  of  the  latter.  The  base  heated  to  100° 
with  iodide  of  ethyl,  solidifies  in  a few  minutes  to  a laminar  mass  of  iodide  of 
ethvi-phthalamin e,  C*H*(C*H*)NO*I(?),  which  when  treated  with  ammonia 
yields  an  oily  base,  altering  on  exposure  to  the  air,  and  volatilising  at  about  300°. 
(Schiitzenberger  and  Willm,  J.  pr.  Chero.  Ixxiv.  76.) 

VBTHAXiZC  ACXB.  C*H*0‘  - (C*H‘0*)  | q,  xlizaric  add,  SaphUalic  add. 

(L* urent,  Ann.  Ch.  Phj».  [2]  Ixi.  113;  Marignac,  Ann.  Ch.  Fhann.  xlii.  215 ; 
Schunck,  ibid.  Ixvi.  197 ; Wolff  and  Strecker,  ibid.  Ixxr.  12,  26  ; Hugo  Muller, 
Epiztotary  communication.) — An  acid  produced  by  the  action  of  nitric  add  on  naph- 
thalene, mcblorido  of  naphthalene,  alizarin,  and  purpurin ; 


C'*H* 

Kaph- 

thaleiie. 

+ 

0* 

- C*H‘0‘ 

FhthaMc 

acid. 

+ 

C*H*0*. 

Oxalic 

acid. 

Alliarlo . 

+ 

HK)  + 0‘ 

- C*H*0* 

+ 

C*HK)*. 

2C«H«0* 

Purpurin. 

+ 

HK)  + 0* 

= 2CH1*0* 

+ 

C»H«0*. 

It  ia  uanally  prepared  by  treating  dichloride  of  naphthalene  with  boiling  nitric  acid. 
The  dichloride  disaolvea  elowly  with  evolution  of  nitroua  vapours,  and  the  aolution, 
when  left  to  itself,  depMits  crystala  of  phtlialic  acid,  which  may  bo  purified  by  rc- 
cryatuUiaation  from  boiling  water.  The  mother-liquor  containa  oxalic  acid.  Small 
quantitica  of  phthulic  acid  are  found  in  the  mothcr-liquora  obtained  in  preparing  the 
nitro-derivativea  of  naphthalene. 

Phthalic  add  may  also  be  prepared  by  digesting  munjistin  (a  body  closely  related 
to  alizarin  and  puipurin,  iii.  1061)  with  moderately  strong  nitric  acid.  The  resnlting 
aolution  evaporated  over  the  water-bath  leaves  a white  crystalline  mass,  consisting  of 
phthalic  acia  contaminated  only  with  a little  oxalic  add.  The  latter  is  eaaily  removed 
by  washing  the  mass  with  cold  water  and  pressing  between  bibulous  paper,  or  by  neu- 
tralising the  mixture  of  the  two  adds  with  lime,  and  then  treating  it  with  boiling 
water,  which  dissolves  the  phthalate  of  caldum.  (Stenhouse,  Ann.  Ch.  Pharm. 
cxxx.  334.) 

Phthalic  acid  ciystallises  in  white  nacreous  lamins  arranged  in  rounded  groups.  It 
ia  sparingly  soluble  in  cold  water,  but  dissolves  essily  in  aleokoi  and  tiker.  By  distilla- 
tion itis  converted  into  phthalic  an^dride ; this  process  is  recommended  by  Stenhouse 
for  the  purification  of  the  add.  When  distilled  with  excess  of  lime  (or  any  caustic 
alkali)  it  is  resolved  into  benzene  and  a carbonate  (Marignac,  Schunck): 

C*H*0‘  -e  2Ca"0  - C*H*  + 2CCa"0>; 

but  by  distillation  with  a smaller  proportion  of  lime,  it  is  converted  into  carbonate  and 
benzoate  of  caldum : 


2C*H'0‘  + 3Ca"0  - C“H'*Ca"0*  + 2CCa”0*  + H'O, 

or 

2C*H*Ca"0*  + Ca'a’C*  = CH'^Ca'C  + 2CCa"0*. 

This  latter  reaction  is  used  by  P.  and  E.  Depouilly  (Bull.  Soo.  Chim.  1864,  i.  163) 
for  the  industrial  preparation  of  benzoic  acid  (to  be  employed  in  the  manufretore  of 
certain  aniline  colours).  The  phthalic  acid  required  for  the  purpose  is  obtained  by 
treating  dichloride  of  naphthalene  with  hydrochloric  add  and  cldorate  of  potassium. 

Phthalate  s.  Phthalic  add  is  dibasic,  forming  acid  salts,  CH'MO*,  and  neutral 
salts, 
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The  acid  ammoniu7a-$aU,  C*IP(NH*)0*,  usually  cry8t4illiscs  in  prisms  terminated  by 
four*  or  eight-sided  pyramids,  frequently  also  in  hexagonal  plates.  The  crystals  belong 
to  the  trimetric  system.  Qbseired  combination  oP  . P . Poo  . Angle  oP  : P * 112^; 
p ; P — 133®  60':  oP  : Poo  — 127®;  l^oo  : f « — 103®  30'.  Cleavage  easy  parallel 
to  oP.  It  is  very  soluble  in  water,  sparingly  soluble  in  alcohol,  and  is  resolved  by 
heat  into  water  and  phthalimide.  The  potassium-  and  sodium-saits  crystallise  in  very 
soluble  scales. 

The  barium-salt  crystallises  in  slightly  soluble  scales,  which  may  be  obtained  by 
pouring  a strong  solution  of  the  ammonium-salt  into  chloride  of  barium.  The  calcium- 
salt,  obtained  by  dissolving  calcic  carbonate  in  the  aqueous  acid,  resembles  the  barium- 
salL  Its  decomposition  by  heat  has  been  already  deticribed. 

The  lead-salt,  C*H*Pb"0\  is  obtained  in  white  scales  on  mixing  the  boiling  solutions 
of  acetate  of  lead  and  phthulate  of  ammonium. 

The  silver-salt,  C*H*Ag*0*,  obtained  in  like  manner  by  precipitation  from  boiling 
solutions,  is  a white  crystalline  precipitate  which  requires  prolonged  washing,  as  it 
obstinately  retains  nitrate  of  ammonium.  It  is  moderately  soluble  in  water.  It  ex- 
plodes when  quickly  heated,  but  if  the  beat  be  cautiously  applied,  the  salt  blackens, 
then  melts  and  decomposes. 

The  sine-salt  is  obtained  by  evaporation  as  a crystalline  powder  nearly  insoluble  in 
cold  water. 

SuhstituHon-dericatives  of  Phthalic  acid, 

Pbtbalic  acid  resists  in  a remarkable  degree  the  action  of  chlorine,  bromine,  sulphuric 
anhydride  and  nitric  acid,  and  it  is  only  with  great  difficulty  that  substitution-com- 
pounds can  be  obtained. 

Bromopbtlksaio  acid.  Bromine  heated  with  phthalic  acid  in  a closed  tube,  does 
not  seem  to  act  upon  it,  but  if  water  is  present  and  the  ti'inperature  is  raised  to  about 
170®,  bromophtbulic  acid  is  formed.  This  acid  ciy  stalliscs  readily  in  foliated  crystals 
which  are  soluble  in  water,  and  sublime  when  heated,  after  fusion,  without  decomposi- 
tion. The  silver-salt  is  a crystalline  precipitate  somewhat  soluble  in  water. 

Bromophthalic  acid  is  remarkably  stable,  and  can  bo  boiled  with  water  without 
decompoeition.  The  bromiuo  cannot  be  removed  by  the  action  of  potash  or  of  silver- 
salts,  in  which  respect,  bromophtbalic  acid  comports  itself  very  aifferentJy  from  tho 
analogous  compound  bromosuccinic  acid.  (Hugo  Muller.) 

CbloropbttiaUo  acids*  Chlorine  in  the  free  state,  or  in  the  form  of  antimonic 
chloride,  has  no  action  on  phthalic  acid,  the  only  known  chlorinated  derivatives  uf 
this  acid  being  those  which  are  obtained  indirectly  by  the  action  of  nitric  acid  on  the 
chloronaphthalenes. 

Dichlorophthalic  acid,  was  once  obtained  (t<^etbcr  with  another 

acid,  probably  di-  or  tri-cbloronapthalic  acid)  in  the  preparation  of  cbloroxynapbthalio 
(cbloronaphthalic)  add  (p.  14).  On  saturating  the  boiling  alcoholic  solution  with 
potash,  the  potassium-salt  sepuratod  in  silvery  laminm,  having  when  dried  at  100®,  tho 
composition  C*K*CPK“0\  (Wolff  and  Strecker,  Ann.  Ch.  Pharm.  Ixxv.  16.) 

Trichlorophthalic  acid,  C*H*C1*0^ — When  hexchloronaphthalene  is  boili-d  for 
several  days  with  nitric  add  and  the  product  is  mixed  with  water,  a resinous  mass 
separates  out,  and  the  solution  yields  on  evaporation,  a crystalline  magma  of  trichloro- 
phthnlic  acid,  which  after  repeated  pressure  between  blotting  paper  and  reciystallisa- 
tion  from  boiling  water,  is  obtained  in  crystalline  grains.  It  is  very  soluble  in  water, 
alcohol  and  ether.  When  heated,  it  is  resolved  into  water  and  trichlorophthalic 
anhydride,  C*HC1*0*.  The  ammonium-salt  forms  a white  precipitate  with  salts  of 
silver.  (Laurent) 

Ifltropbtballo  aotd,  » C"n*(NO*)0*. — This  acid  is  best  prepared  by 

tho  prolonged  action  of  nitric  acid  upon  naphthalene.  It  is  contained  in  the  mother- 
liquors  from  which  the  nitronaphthalencs  (p.  16)  have  been  deposited,  and  may  l>e 
separated  therefrom  by  evaporating  the  liquid  to  a syrup,  dissolving  the  residue  in 
water,  filtering,  and  again  evaporating.  Tho  last  mother-liquors  also  contain  phthalic 
acid  (Laurent,  Marignac). — Nitrophtbalic  acid  is  also  formed,  together  with  othor 
products,  when  phtlialic  acid  is  treated  with  pure  nitric  acid,  or  with  a mixture  of 
nitric  and  sulphuric  acids.  (Hugo  Miillor.) 

Nitrophthalic  acid  crystallises  in  yellow  plates,  derived  from  a monoclinic  prism,  but 
ordinarily  rendered  hexagonal  by  the  truncation  of  the  acute  angles  of  the  rhombus. 
Angle  oP  : oeP  ••  104®;  ooP : oeP  m about  125®;  oP  : ooPao  — 124®,  Most  of 
the  crystals  are  hemitropic.  The  acid  is  moderately  soluble  in  boiling  water,  sparingly 
soluble  in  cold  water,  easily  in  alcohol  and  ether.  ^Vhen  slightly  heated  in  a tu^  it 


Digitized  by  Google 


630 


PHTHALIC  ACID. 


vieldfl  ssDblimato  of  oitiopbthalic  anhjrdride,  together  vith  wat»;  vhen  saddenlj 
heated,  it  cleans  and  girca  otf  nitrous  Tapours. 

Nitrophthalic  acid  is  dibasic,  forming  acid  and  neutral  salts. 

The  ammoniuTTfsalt,  C*H*(NH*XN0*)O‘.2H*O,  is  deposited  on  pouring  a 
small  quantity  of  nitric  acid  into  the  solution  of  the  neutral  salt,  sometimes  in  prisms 
with  pyramidal  summits,  but  more  often  in  hexagonal  and  rhomboidal  plates.  It  does 
not  give  off  any  water  at  120^,  but  when  heated  till  it  begins  to  melt,  it  gives  off 
water  and  is  converted  into  nitrophthalimide  (p.  632X 

Neutrai  C■ll*tNH*)*(N0*)0^ — When  an  ammoniacal  solution  of 

nitrophtbalic  add  is  left  to  evaporate,  it  deporits  chiefly  shining  laminae  of  the  add 
salt ; but  among  tliese  are  sometimes  found  thicker  but  smaller  crystals  of  the  neutral 
salt,  which  may  be  picked  out  with  a pair  of  force|)s.  This  salt  crystallises  in  monoclinic 
prisms  usually  having  their  obtuse  edges  truncated.  Angle  oP  : oeP  » 103®; 
odP  : ooP  - about  127°. 

The  solution  of  the  neutral  ammoninm^salt  forms  with  solution  of  barium-chloride, 
even  when  very  dilute  and  boiling,  a white  crystalline  prodpitate;  with  the  chlorides  of 
strontium  and  calcium,  white  precipitates,  not  however  from  dilute  solutions ; with  mer- 
curous nitrate,  nitrate  of  silver  and  nitrate  of  lead,  white  precipitates.  It  does  ooi 
predpitate  sulphate  of  magueeium,  ferrous  sulphate  or  cupric  sulpMte. 

The  barium’gait,  C*U*Bu"(NO*)0*,  is  a light  yoUowish-white  powder,  anhydrous 
after  drying  at  130°.  It  is  quite  insolublo  eveu  in  excess  of  boUiug  nitropolbslio 
acid. 

The  neutral  UaJ-talt  has  not  been  obtained.  On  pouring  acetate  of  lead  into  a solu- 
tion of  the  ammonium-salt,  a flocculent  precipitate  U fonut^  which  changes  on  boiling 
to  a yellowish  powder,  insoluble  in  water,  and  consisting  of  a hatic  tali, 
C'H*Pb"(NO’)OU*b"0. 

The  sih-tT-aalt,  C*H*Ag*(N0‘*)0\  is  a white  precipitate,  insoluble  in  water,  and 
decomposing  quickly,  with  emission  of  light,  when  strongly  heated. 

Dinitrojihihalic  acid,  (?H\N0*)*0*. — When  phtbalic  add  is  treated  with  pure 
nitric  acid,  or  with  a mixture  of  nitric  and  sulphuric  acids,  a variable  quantity  of 
nitrophthnlic  acid  is  obtained,  whilst  some  of  the  phthalic  add  remains  unaltered,  and 
another  portion  is  convertt^l  into  a mixture  of  several  new  acids,  one  of  which  is 
the  dinitrophthalic  acid.  This  latter  acid,  together  with  the  other  new  acids,  is  also 
obtained  by  the  prolonged  action  of  nitric  acid  on  naphthalene  and  the  chlorinated 
naphthalene.  (Q  ugo  hi iil ler,  Zcitschr.  Ch.  Pbarm.  1863,  p.  257.) 

A.mldoptatballc  aoltff  C*H^NH*)0*. — This  substahci'  is  prepared  by  the  action 
of  sulpliydratc  of  ammonium  on  nitrophtbalic  acid,  or  more  readily  by  the  action  of 
metallic  iron  and  acetic  add  on  the  latter  acid.  On  bringing  in  contact  a concentrated 
solution  of  nitrophtbalic  acid  with  iron  and  acetic  acid,  reaction  soon  sets  in  with 
elevulioD  of  temperature.  Tlie  mass  is  to  be  kept  for  some  time  in  a warm  place,  and 
after  all  action  has  ceased,  the  brown  powder  formed  is  separated  as  completely  as 
possible  from  the  metallic  iron,  and  exposed  for  some  time  in  a moist  state  to  the  action 
of  air,  in  order  to  prevent  ferrous  oxitie  from  entering  into  solution  on  the  subsequent 
treatment  with  caustic  ammonia.  The  resulting  product  is  exhausted  with  warm 
ammonia,  and  Uie  Altered  solution  is  evaporated  and  exposed  for  some  time  to  the  beat 
of  the  w'utcr-bath.  The  amidophthalic  acid  cannot  be  pn'dpituted  from  its  ammoniacal 
solution  by  the  addition  of  an  acid;  it  is  best  to  expel  the  ammonia  by  heat.  On 
treating  the  remaining  mass  with  water,  part  dissolves,  which  is  to  be  again  evaporated 
and  exposed  to  heat.  The  insoluble  dirty-yellow  residue  consists  of  impure  amido- 
phtbalic  acid,  which  is  l>C8t  dissolved  in  water  or  alcohul,  and  then  treated  with 
charcoal.  On  cooling,  the  amidophthalic  acid  crystallises  out  in  the  form  of  lemon- 
yellow  fibrous  crystals  having  a silky  lustre. 

Amidophthalic  acid  is  very  little  soluble  in  water  or  alcohol  at  ordinary  tempera- 
tures, but  more  to  at  an  elevated  temperature,  forming  greenish-yellow  solutions  which 
exhibit  a most  remarkable  green  fluorescence  very  much  like  that  of  uranium-salts. 
(See  AmDOTKKKPHTHAUC  Acid  under  Terkphthai.ic  Acid.  ) 

Amidophthalic  acid  combines  with  acids  and  with  alkalis.  The  hydrochloric  acid 
compouna  forms  colourless  foliated  crystals  which  in  contact  with  wiiter  or  moist  air 
become  yellow  by  losing  their  acid.  The  compound  with  sulphuric  acid  resembles 
the  former. 

On  boiling  for  some  time  a solution  of  amidophthalic  arid  with  hydrochloric  or  sa/- 
phuric  acid,  a new  acid  is  formed,  which  is  colourless,  crystallises  well,  possesses  a 
sweet  taste  and  is  readily  soluble  in  water  and  alcohol.  This  new  acbl  appears  to  be 
iMonicrie  with  the  yellow  amidophthalic  acid.  On  treating  nitrophtfialic  acid  with  xinc 
or  tin  and  hydrochloric  acid,  uo  yellow  amidophthalic  acid  is  obtained,  apparently 
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because  the  bjrdrochloric  acid  present  oonrerU  it,  as  soon  as  it  is  formed,  into  the  soluble 
modification  just  mentioned. 

Amidophthalic  acid  shows  a peculiar  deportment  to  caustic  alkalis.  Cauitie  'potash 
distudvee  the  acid  with  facility  to  a pale  vellow  liquid  which  on  eraporstion  yields  a 
crystalline  mass  very  soluble  in  water.  Addition  of  an  acid  to  this  solution  nowever 
does  not  precipitate  the  amidophthalic  acid,  as  might  be  expected  &om  its  degree  of 
solubility,  but  it  will  do  so  on  mixing  with  sal-ammoniac  and  evaporating  to  dryness. 
— Antmonia  dissolves  amidophthalic  acid  with  difficulty;  the  solution  behaves  like  the 
potash-solution  but  deposits  the  acid  again  on  evaporation. 

On  passing  a current  of  nitrous  acid  into  an  alcoholic  solution  of  amidophthalic  acid, 
nitrogen  is  evolved  and  a granular  brownish-red  precipitate  is  formed,  which  is  the 
analogue  of  Oriess’s  diaaobenzo-amidobensoic  acid  (p.  292). 

Aaophtliallo  acid,  C*H*KO*. — On  treating  a kolution  of  nitrophthalic  add  with 
Bodiuin-aniiilgain,  no  hydrogen  is  given  off,  but  the  solution  gradually  turns  yellow  and 
brown.  The  product  of  this  reaction  is  to  be  saturated  with  acetic  acid,  which  separates 
some  resinous  matter.  On  addition  of  hydrochloric  acid,  a yellow  crystalline  precipitate 
is  formed,  which  after  purification  forms  azophthulic  acid.  This  acid  is  of  an  orange 
colour,  and  crystallises  from  dilute  aqueous  or  alcoholic  solution  in  well  developed  but 
small  crystals  of  a deep  orange  colour.  It  dissolves  very  slightly  in  cold  water,  more 
so  in  alcohol,  especially  when  warm. 

The  azophthiuates  are  all  coloured  either  yellow  or  orange. 

The  potassium-salt  crystallises  well  and  is  veiy  soluble  iu  water. 

The  ammonium-salt  resembles  the  former ; it  does  not  lose  ammonia  on  being  kept 
in  a warm  place  for  some  time. 

The  harium-salt  is  a yellow  crystalline  predpitate. 

Azophthalic  acid  appears  not  to  form  an  ether  on  passing  hydrochloric  acid  into  its 
alcoholic  solution. 

This  add  is  the  analogue  of  the  azobenzoic  add  which  Strecker(Ann.  Ch.  Pharm. 
cxxix.  129)  obtained  by  the  action  of  sodium-amalgam  on  a solution  of  nitrubenzoate 
of  sodium.  (Hugo  Muller.) 

Asozyplitbalio  aold*  When  an  alcoholic  solution  of  nitrophthalic  acid  is  heated 
for  some  time  with  an  aleoliolie  solution  of  potash,  the  mixture  turns  brown,  and  if 
treated  in  the  way  just  mentioned  under  azophthalic  acid,  yields  azozyphtbalic  acid. 
Tills  acid  resembles  the  former,  but  has  more  of  a lemon-yellow  colour.  It  forms 
small  prismatic  crystals,  and  yields  crystalline  salts  with  most  metals.  (Hugo 
Muller.) 

PBTBA&XO  AJTK7DSXSB.  C*H*0*.  I*hihalide.  Vyroalharic  add. — Obtained 
by  distilling  phthalic  acid.  Sublimes  in  fine  elastic  needles,  the  transverse  section  of 
which  is  a rhombus  of  62°  and  128°.  It  dissolves  slightly  in  cold  water,  more  easily  in 
boiling  water,  reproducing  phthalic  add.  It  is  very  soluble  in  alcohol  and  ether,  melts 
at  106°,  and  crystallises  in  a fibrous  mass  on  cooling.  It  dissolves  completely  in 
aqueous  ammonia,  with  considerable  rise  of  temperature,  and  the  solution  yields  on 
evaporation  a mass  of  slender  flexible  needles,  apparently  consisting  of  pbthalamic  add 
or  phthalamate  of  ammonium. 

Trichlorophthalic  anhydride,  C'HCl'O*,  is  produced  by  distilling  trichlorophthalio 
add.  It  is  colourless  and  crystallises  in  needles  from  fusion.  It  unites  with  ammonia, 
forming  a salt  which  gives  a white  precipitate  with  nitrate  of  silver. 

Nitrophthalic  anhydride,  C*H*(N0’)0’,  is  obtained,  by  subliming  nitrophthalic  acid 
at  a gentle  heat,  in  long  white  needles  whoso  transverse  section  is  a rhombns  of  62° 
and  128°.  It  is  very  little  soluble  in  water.  (Laurent,  Marignac.) 

VBTBAUC  BTBBU.  The  ethyl-,  amyl-  and  phenyl-ethers,  (?H*(C*H*)*0\ 
&c.,  are  heavy  oily  liquids  produced  by  the  action  of  the  correspoDding  alcohols  on 
chloride  of  pbthalyl  (H.  Muller).  The  ethylic  ether  is  also  produced  by  boiling  the 
add  or  anhydride  with  alcohol  (Lanrent.) 

VHTBAXXX>B.  Syn.  with  Phthalic  Axhtpbidb. 

PBTKAX.TDZia'll.  C*H’N  = ^ (Dusart,  Ann.  Ch. Phy».  xlv.  33S.>— 

Abase  produced  by  the  action  ofsulphy^c  add  on  nitropbtbalene  (p.  112),  in  the 
presence  of  alcohol  and  ammonia.  A mixture  of  an  alcoholic  solution  of  nitropbthalene 
and  sulphide  of  ammonium  is  heated  to  60°  for  sevcml  hours  in  the  water-bath  ; the 
greater  part  of  the  alcohol  is  distilled  off;  the  remainder  evaporated  almost  to  dryness 
at  a gentle  heat ; the  residue  extracted  with  dilute  hydrochloric  add ; and  the  filtrate 
saturated  with  potash.  The  precipitate  is  at  first  white  and  then  redissolves  in  the 
add  solution  with  a beautiful  olue  colour ; on  adding  an  excess  of  potash,  flesh-coloured 
flakes  are  formed,  which  gradually  become  denser  and  dark-colour^  The  precipitate  is 
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washed  on  a Alter  irith  water,  until  the  filtrate  no  longer  exhibits  an  alkaline  reaction ; 
it  then  becomes  crystalline. 

Phthalidine  crystallises  from  its  aqueous  solution  after  the  lapse  of  a few  days  in 
beautiful  needles.  When  melted  and  cooled,  it  forms  a ciystallinomassof  the  colourof 
realgar.  It  melts  at  about  22^,  and  when  it  solidifies,  the  thermometer  rises  to  34‘5^. 
It  smells  like  naphthalene,  and  tastes  unpleasantly  pungent.  Its  solntions  do  not 
restore  the  blue  colour  to  r^  litmus,  but  its  vapour  (at  what  temperature?)  toms  it 
immediately  blue.  Very  small  (quantities  of  phthalidine  impart  a beautiful  blue  colour 
to  solutions  of  ferric  salts.  It  is  moderately  soluble  in  cold  icater^  and  dissolves  in  all 
proportions  in  warm  alcohol  and  ether, 

Phthalidine  begins  to  boil  at  255°,  but  the  thermometer  rises  very  rapidly,  while 
decom]x>«ition  takes  place,  and  a carbonaceous  residue  remains  behind.  It  isconrerted 
into  a yellowish-white  mass  by  chlorine-waUr.  It  reduces  nitrate  of  silver,  the  solu- 
tion depositing  very  brilliant  crystals.  The  aqueous  solution  produces  a grey  precipi- 
tate with  mercurous  salts,  and  a yellow  precipitate  ivith  ferrous  salts.  It  blackens  on 
addition  of  chloride  of  gold,  A solution  of  hydrochlorate  of  phthalidine  is  rapidly 
decomposed  by  tetrachloride  of  platinum,  assuming  a green  colour,  and  depositing  blue 
fiakes  which  blacken  on  drying;  a warm  saturated  solution  of  the  salt  forms  with  tetra- 
chloride of  platinum  beautiful  yellow  crystals  which  partially  decompose  on  drying. 

The  salts  of  phthalidine  are  soluble  in  water  and  in  dcohol. 

Hydrochlorate,  CJ*H*N.HC1. — A warm  alcoholic  solution  of  the  base  saturated  with 
hydrochloric  acid  immediately  becomes  filled  with  violet-blue  crystals. 

The  nitrate,  C'IPN.HNO*,  is  formed  in  a similar  manner. 

Sulphate,  2C*H*N.H*SO*. — Sulphuric  acid  unites  dire<*lly  with  phthalidine  and 
forms  a dark  green  mass,  which  attracts  moisture  from  the  air  and  be<x)mea  blue.  The 
ciystallised  salt  is  obtained  by  double  decompoeit  ion,  or  by  mixing  the  alcoholic  solution 
of  the  base  with  sulphuric  acid.  It  dissolves  much  less  readily  in  alcohol  than  the 
other  salts. 

Kthyl-phthalidine^  C*H*(C’H*)N,  is  a liquid  having  the  odour  of 

phthalidine,  and  distilling  without  decomposition.  The  hydriodate,  C'*H'*N.HI,  forma 
silvery  fiakes  which  give  ofif  iodine  at  100°  and  turn  yellow.  The  hydrochlorate  is  very 
similar.  (Dusart) 

PBTBA.UMXSB.  C'H'NO*  - (^^*)  |n.  (Laurent,  Ann.  Ch.  Ph^«. 

[2j  Ixi.  121;  [3]  xxiii.  119.)~This  compound,  isomeric  with  isatin,  is  formed  by  heating 
aod  phthalate  or  phtbalamate  of  ammonium: 

C«fl*(NH*)0®  - C®H«NO*  + 2H*0. 

Acid  phthalate. 

C*H*(NH*)NO«  = C*H*NO*  + H*0  + NH*. 

Phthmlamotc. 

It  is  colourless ; crystallises  from  ether  by  spontaneous  eraporation  in  six-sided  prisms 
derived  from  a rhomboidal  prism  with  angles  of  113°.  It  melts  when  heated,  aod 
solidifies  in  a striated  mass  on  (Hxtling  ; at  a stronger  beat  it  boils  and  sublimes  in  very 
light  flakes.  It  is  inodorous  and  tasteless.  It  is  insoluble  in  cold  water,  and  slightly 
soluble  in  hot  water ; easily  soluble  in  boiling  alcohol  and  ether.  It  is  not  attack^  by 
chlorine  or  by  weak  or  diluted  acids.  It  dissolves  in  strong  sulphuric  ortV/when  heated, 
and  if  water  U added  to  the  solution,  phthalic  acid  separates  out  on  cooling.  Boiled 
with  an  alcoholic  solution  ot potash,  it  evolves  ammonia,  and  forms  phthalato  of  potas- 
sium. 

Silver ‘phthalimide,OW'S.K^^. — A boiling  alcoholic  solution  of  phthalimide  does 
not  precipitate  nitrate  of  silver,  bnt  on  addition  of  ammonia  it  deposits  a pulverulent 
precipitate  or  crystalline  8pangle^  which  dissolve  in  hot  ammonia  and  crystallise  out 
unchanged.  The  solution  of  the  silver-salt  in  ammonia  and  a little  hot  water  deposits 
needles  which  appear  to  consist  of  phthalamate  of  ammonium.  When  heat^,  it 
melts,  swells  up  and  forms  a black  moss,  which  at  a higher  temperature  assumes  a 
fine  green  colour,  with  golden  lustre,  like  the  wings  of  cantharidcs,  phthalimide  sub- 
liming at  the  same  time.  (Qerhardt,  Traiti,  iii.  488.) 

Phenyl’phihalimide,  C'*H*NO*  ■=  ^ — On  melting  phthalic  acid 

with  aniline,  and  treating  the  cold  pulverised  mass  with  boiling  alcohol,  phenyl- 
phthalimide  remains  as  a crrstalline  powder,  which  may  be  purified  by  sublimation 
and  recrystallisation  boiling  alcohol.  It  forms  beautiful  colourless  needles,  in- 
soluble in  water,  melts  at  203°,  and  be.^ns  to  sublime  in  needles  before  fusion.  With 
melting  pota*h  it  yields  aniline  and  phtnalate  of  potassium.  Boiling  aqueous  ammonia 
converts  it  into  phenyl-phtholamic  acicL 


PIIYLLOCYANIN  AND  PHYLLOXANTHIN. 


633 


Nitrophthalimide,  C*K*N*0*  — ^ | N,  is  produced  bj  heating 

nitropbtbalate  of  ammonium. 

PKTHA.XiT3^  OP.  (H.  M u 1 1 e r,  Zeitscbr.  Cb.  Phartn. 

1863,  p.  257.) — Pbtbalic  acid  or  anby^de  is  readily  acted  upon  by  pentachloride  of 
phosphorus,  with  evolution  of  hydrochloric  acid  and  phosphoric  oxychloride.  Tlio 
product  is  a heavy  oily  liquid  of  peculiar  odour,  resembling  chloride  of  benzoyl.  It 
distils  at  about  270^  without  decomposition,  and  does  not  solidify  on  cooling.  It  sinks 
in  water,  but  soon  becomes  converted  into  phthalic  acid.  If  kept  in  imperfectly  closed 
vessels,  it  gradually  deposits  large  crystals  of  phthalic  anhydride.  It  acts  with  energy 
on  the  alccmols,  forming  the  corresponding  ethers  (p.  631). 

Chloride  of  NUrophthalyl  is  prepared  like  the  preceding  and  resembles  it  in  its 
properties,  but  cannot  be  distilled  without  decomposition. 

PBTHAVXTS.  {Kuselschif/er.)  A flinty  fissile  variety  of  granular  quartz  having 
a grey,  black,  or  greenish  colour. 

FRTCXC  ACXS.  (La  my,  Ann.  Cb.  Phys.  ^3],  xxxv.  129.) — An  acid  contained, 
together  with  phyeite,  in  Protoaxcus  vuUjaru,  It  is  extracted  by  alcohol,  and  separates 
therefrom  by  slow  evaporation  in  bulky  stellate  groups  of  needle-shaped  crystals, 
colourless,  somewhat  unctuous  to  the  touch,  tasteless,  int^orous,  and  permanent  in  the 
air.  Specific  gravity  ~ 0*896.  It  melts  at  136'^,  solidifying  to  a silky  ciy'stallino 
mass  on  cooling;  be^ns  to  boil  at  150^,  gradually  decomposing  and  exhaling  a char- 
acteristic odour.  By  distillation  it  yields  oily  pr^ucts,  insoluble  in  water,  very  soluble 
in  alcohol.  The  acid  is  insoluble  in  water,  but  dissolves,  especially  when  aided  by 
beat,  in  alcohol^  ether^  acetone,  and  oils  both  fat  and  volatile : 1 pt.  of  it  dissolves  in  15 
pts.  of  boiling  al>solute  alcohol  The  alcoholic  solution  is  ncutrm. 

Phycic  acid  gives  by  analysis  69‘8— 70*8  per  cent,  carbon,  ll*7 — 12*0  hydrogen,  and 
3*7 — 3*8  nitrogen,  besides  oxygen  ; no  formula  has  been  proposed  for  it 

Phycic  acid  dissolves  in  strong  sulphuric  acid,  and  is  reprecipitated  by  water.  yUric 
acid  attacks  it  slowly,  forming  a light  very  acrid  oil  and  a erystallisable  acid.  It  is 
not  attacked  by  dry  chlorine  even  in  sunshine.  Iodine  and  phosphorus  act  upon  it  only 
at  high  temperatures.  It  is  decomposed  by  beating  with  yielding  hydro- 

cyanic acid,  together  with  other  pri^ucts.  When  heated  with  soda-lime,  it  gives  off 
ammonia. 

Ammonia  has  no  action  on  phycic  acid.  Potash  and  soda  dissolve  it,  forming  salts 
which  crystallise  in  needles,  are  neutriil  to  test-papers,  and  dissolve  in  water  and 
alcohol,  forming  solutions  which  froth  like  soap-water.  Most  of  the  other  salts  of 
phycic  acid  are  insoluble.  The  sUvcr^salt  is  white,  and  blackens  on  exposure  to  light. 


IPHTCXTB.  C*H'*0*.  Syn.  with  EavTHBOMAXNiTB  (ii.  504). 

The  term  phyeite  has  lately  been  extended  by  Carius  (Ann.  CLPharm.  cxxxir.  71) 
/C*H**+*V'/ 

to  the  series  of  tetratomic  alcohols  H*  ^ homologous  with  natural  pbycits. 
He  has  obtained,  by  an  artificial  process,  a 3-carbon  alcohol,  having  the  composition 
^ I prepared  several  of  its  derivatives ; but  whether  this  alcohol  is  really 


homologous  in  constitution  with  native  phyeite,  cannot  bo  determined  till  the  4-carbon 
compound  C*1I‘*0*  has  also  been  obtained  by  a corresponding  process,  and  its  proper- 
ties and  reactions  compared  with  those  of  natural  phyeite  (see  Tbittl-phtciti). 


PBTCOC7ASX  and  VHTCOBXTTBXXXr*  These  names  are  applied  by 
Kutzing  to  a blue  and  red  colouring  matter,  apparently  of  the  same  composition, 
existing  in  several  red  sea-weeds.  (Handw.  d.  Chem.  vi.  495.) 

PHTCOELEltCATXlX.  A red  colouring  matter,  obtained  bj  Kutzing  from 
Hytiplaa  tinctoria.  It  is  extracted  from  the  fresh  alga  b^  maceration  in  cold  water, 
and  separatf^s  in  flocks  on  evaporating  the  solution  and  adding  alcohol  It  is  insoluble 
iu  ether  and  in  oils.  The  colour  is  destroyed  b^  exposure  to  sun-light,  so  that  old 
specimens  of  the  alga  are  often  destitute  of  colouring  matter.  (Handw.  loc.  cit.) 

PKTXiUir  G&AXrcS.  A mineral  from  Beutsch-Pilsen  in  Hungary,  containing, 
according  to  Plattner,  sulphur,  antimony,  tellurium,  lead,  and  gold. 

PK1XUTS*  A mineral  from  Sterling,  Hassachusetts,  resembling  ottrelito 
(p.  248),  and  containing  38*40  per  cent,  silica,  23*68  alumina,  17’52  ferric  oxide,  8*96 
magnesia,  C*80  potash,  and  4*80  water,  a composition  which  may  be  represented  by  the 
formula  (Mg";K^)SiO*.(AP;Fe')SiO*.H*0  {Ramrmlsberg’s  Miner akhemis,  p.  866). 

pamXtOcsios.  Syn.  with  Chlobophyll. 

PBTUOOTAR-XM  and  >xnri»I.OXAyTHIir.  Those  names  are  applied  by 
Fr6my  to  a blue  and  a yellow  substance,  of  which  be  supposes  chlorophyll  to  Iw 
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rompoflod.  He  separatee  them  hy  agitating  chlorophyll  with  a mixture  of  ether  and 
hydrochloric  acid,  the  yellow  subetance  then  dissolriDg  in  the  ether,  and  the  blue  in 
the  hydrochloric  acid  (Fr^my,  Compt.  rend.  1.  406;  Jahresb.  18$0,p.  633).  According 
to  H.  Ludwig,  also  (Arch.  Pharm.  [2]  cri.  164  ; Jahresb.  1861,  p.  738),  when  chlo- 
rophyll (from  young  wheat-leuvesl  is  boiled  with  strong  alcoholic  potash,  and  the 
solution  is  neutralised  with  hydrochloric  acid,  a yellow  precipitate  is  formed,  together 
with  a splendid  blue  liquid,  which  leaves  phyllocyanin,  on  slow  evaporation,  as  a dark 
blue  mass.  Stokes,  on  the  other  hand,  concludes,  from  the  fluorescent  and  absorbent 
properties  of  chlorophyll,  that  it  does  not  contain  a-blue  substance,  and  that  Fr4my*s 
phyllocyanin  is  a product  of  the  decomposition  of  chlorophyll  by  acids.  (Obem.  Soc.  J. 
XTii.  314.) 

FBTXi&O&BTZV.  A fossil  resin  found,  toother  with  tekoretin,  in  the  fossil 
wood  of  Denmark.  It  melts  at  86° — to  87°,  dissolves  easily  in  alcohol,  and  appears  to 
have  the  composition  (Forchammer,  J.  pr.  Chem.  xx.  469.) 

YSTUbOSKAJrrSBXIf • A yellow  substance,  prodneed,  according  to  F r 4 m y 
(loe.  cit.)t  by  the  action  of  bases  on  chlorophyll,  or  on  phyllocyanin.  It  is  reconverted 
into  phyllocyanin  by  the  action  of  acids. 

ygTTiXiOBliWTKXM.  The  yellow  substance  pre-existing  in  chlorophyll.  The 
mode  of  separating  it  fW>m  the  blue  constituent  by  the  action  of  ether  and  hydro- 
chloric acid,  or  alcoholic  potash  and  hydrochloric  acid,  has  already  been  mentioned. 
It  may  also  be  obtained  by  adding  hydrate  of  aluminium  to  an  alcoholic  solution  of 
chlorophyll  diluted  with  a considerable  quantity  of  water.  The  whole  of  the  colouring 
matter  is  then  precipitated  as  a yellowish-green  alumina-lake,  from  which  the  pbyllo- 
xanthin  may  extracted  by  s^phide  of  carbon,  leaving  the  lake  of  a more  bluish- 
green  colour.  (Fr4my.) 

PHWSAXnr.  C’*H*0*.  (Dessaignes  and  Chautard,  J.  Pharm.  [3]  xxt.  24  ) 
The  bitter  principle  of  the  winter  cherry  (Physalis  alkekcngi\  a solanaceons  plant 
growing  in  the  south  of  Europe,  sometimes  used  as  a sab^tuto  for  quinine  in  the 
treatment  of  intermittent  fevers. 

It  is  prepared  by  briskly  agitating  the  aqueous  extract  of  the  leaves  with  chloroform, 
which  deposits  it  after  long  standing;  and  is  purified  by  dissolving  it  in  hot  alcoboU 
with  addition  of  a little  charcoal,  precipitating  the  Altered  liquid  with  water,  and 
washing  the  precipitate  with  cold  water  on  a filter. 

Physalin  is  a light  perfectly  amorphous  powder,  having  a yellowish  colour  and  a 
bitter  taste,  slight  at  first,  but  afterwards  strong  and  persistent.  When  dry,  it  becomes 
strongly  electric  by  friction.  It  is  very  slightly  soluble  in  cold  water  and  in  ether, 
somewhat  more  in  boiling  water,  easily  in  chloroform  and  in  alcohol,  especially  the 
Utter.  When  heated,  it  softens  at  about  180°,  and  decomposes  at  a higher  temperature. 
It  is  but  slightly  soluble  in  acids,  moderately  soluble  in  ammonia,  but  the  alkali  is  all 
driven  off  on  evaporation.  The  alcoholic  solution  does  not  precipitate  ammoniocsi 
nitrate  of  silver,  but  gives  a white  precipitate  with  acetate  of  lead  and  ammonia. 

FBTBAlbZTB  or  Pyrophyaalitf.  A coarse  nearly  opaouo  variety  of  topaz,  found 
in  yellowisli-white  crystals,  which  intumesce  when  he&tea : hence  its  name  (from 
to  blow).  It  occurs  in  crystals  of  great  size  at  Fossum  in  Norway;  at  Finbo, 
Sweden,  in  u granite  quariy,  and  at  Braddbo,  in  a boulder;  one  crystal  f^m  the  last 
locality,  at  Stockholm,  weighs  eighty  pounds. 

VBTBBTOZtBXO  ACZ3D.  — A fatty  acid  discovered  by  Hofstadter 

(Ann.  Cb.  Pharm.  xct.  177)  in  sperm  oil ; isomeric  if  not  identical  with  hypogteic  acid, 
obtained  from  the  oil  of  Arachii  hypogaa  (iii.  238). 

To  prepare  it,  the  soap  obtained  by  boiling  the  oil  with  potash-ley  is  dissolved  in 
boiling  alcohol;  and  the  filtrate,  a^r  being  freed  from  alcohol  by  distillation,  is 
diluted  with  water,  and  reprccipitated  b^  ammoniacal  sugar-of-lead.  The  pre- 
cipitate, washed  by  decantation  and  dried  m the  air,  is  drenched  with  ether,  which 
dissolves  pliysetolcate  of  lead  and  undecomposed  spermaceti,  leaving  undissolved  the 
lead-salts  of  the  solid  fatty  acids.  The  solution  is  separated;  part  of  the  ether  is 
distilled  off;  the  residue  decomposed  by  hydrochloric  acid;  the  ethereal  solution  is 
mixed  with  ammonia  and  chloride  of  barium  ; the  precipitate  is  collected,  washed,  and 
dried  in  a vacuum ; and  the  ethal  and  spermaceti  are  removed  from  it  by  cold  ether. 
On  repeatedly  boiling  the  undissolved  pbysetoleate  of  barium  with  alcohol  of  93  per 
cent.,  and  cooling  the  resulting  solutions  separately,  the  portion  taken  up  is  deposited 
as  a white  powder,  which  must  be  collected  out  of  contact  with  the  air,  wash^  with 
alcohol,  and  immediately  dried  in  a vacuum.  It  may  be  obtained  pure  by  recrystallis- 
ing  it  twice  mure  in  the  same  way,  and  docompoeed  by  boiling  with  aqueous  tartaric 
acid. 
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Physetoleie  acid  c^taUiaea  in  stellate  ^upa  of  colourless  needles ; it  is  inodorous, 
melts  at  30^,  and  aolii flee  at  28®  (bjpogsic  aad  from  eartb-nut  oil  melts  at  34®  or  36®). 
In  its  reactions  and  combinations  it  exactly  resembles  bypogseic  acid. 

PHTSOSZir.  C**H**0*.  (Gerding,  N.  Br.  Arch.  IxxxTti.  1.) — A neutral  sub- 
stance occurring  in  ParmeliaceratophyUat  var.  ^hysodts  (also  called  Parmdia  physodef). 
To  obtain  it,  the  lichen  air-dried  and  cut  in  pieces  is  macerated  with  ether  for  sevend 
days ; the  ether  is  eraporated  ; and  the  residual  white  powder  is  purified  by  washing 
it  with  alcohol,  and  repeated  crystallisation  from  absolute  alcohol. 

It  forms  a white  loosely  coherent  mass,  appearing  when  magnified  120  times  to 
consist  of  four-sided  truncated  prisms.  It  melts  at  126®.  Dried  at  100®,  it  gives  by 
analysis  (mean)  49*76  per  cent,  carbon  and  4*63  hydrogen,  the  formula  re<^uiring  60*70 
carbon,  4*28  hydrogen,  and  45*07  oxygen. 

Physodin  behaves  to  water  like  a resin,  not  being  wetted  thereby.  It  dissolves  in 
alcohol  of  80  per  cent,  but  is  insoluble  in  absolute  alcohol,  in  ether,  and  in  acetic  add. 
It  is  not  alter^  by  dilute  acids.  It  dissolves  easily  in  warm  aqueous  aminonia^  form- 
ing a yellow  solution  which  becomes  reddish  on  exposure  to  the  air.  In  carbonate  of 
ammonia  it  dissolves  slightly  at  ordinary  temperatures,  easily  on  boiling;  in  potash 
instantly  with  yellow  colour.  Acids  precipitate  from  these  solutions  light  yellow  or 
reddish  flocks ; the  potash-solution  yields  a dingy -vellow  precipitate  with  cHoride  of 
barium.  The  alcoholic  solution  is  not  precipitated  by  chloride  of  barium,  but  yields 
with  acetate  of  lead  a pale  yellow  precipitate  soluble  in  potash ; with  cupric  sulphate 
a pale  green ; and  with  nitrate  of  nlver  a brown-red  precipitate. 

Addxkduic.  Ceratophyllin^O.Kesa^  Ann.  Ch.  Pharm.  cxix.  366). — This  substance 
occurs,  together  with  phywxlin,  in  Parmelia  ceratcphylla^  var.  physodee.  To  prepare  it, 
about  3 lbs.  of  the  licnen,  after  being  washed  with  water,  is  stiir^  up  with  dear  lime- 
water  ; the  alkaline  solution  is  neutralised  with  hydrochloric  acid ; and  the  resulting 
yellowish-grey  flocculent  precipitate  is  washed  several  times  with  cold  water  to  remove 
the  excess  of  add,  then  collected,  dried  in  the  air,  and  freed  from  nnciystallisable 
matter  by  dimtion  with  boiling  alcohol  of  76  per  cent.  There  then  remains  a dark 
green,  soft,  elastic  mass,  probably  containing  physodin  and  usnic  acid,  to  remove  which, 
the  mass  is  boiled  with  strong  s^a-lcy.  A dark  brown  liquid  is  thus  obtained,  which, 
on  cooling,  dopodts  ccratophyilin  unmixed  with  cither  of  the  substances  just  mentioned. 
It  may  be  sep^ted  from  the  mother-liquor  by  filtration,  and  purified  by  recrystallisa- 
tion from  boiling  alcohol  with  the  aid  of  animal  charcoal.  When  the  lichen,  without 
previous  washing,  is  stirred  up  with  thin  milk  of  lime,  the  yellowish  filtrate  does  not 
yield  any  precipitate  with  hydrochloric  acid.  The  precipitate  formed  as  above  de- 
scribed is  particularly  abundant  when  the  lichen  has  mod  obtained  from  birch-stems, 
and  the  maceration  has  not  been  continued  for  more  than  15  hours. 

Ceratophyllin  forms  thin  white  prisms,  which  when  placed  upon  the  tongue,  produce,  at 
first,  a slightly  irritating  taste,  soon  becoming  rather  strongly  perceptible  in  the  throat; 
subsequently  a persistent  burning  sensation  is  experienced  on  the  tongue.  It  melts  at 
147®  to  a colourless  liquid,  and  solidifies  in  the  crystalline  form  between  136®  and  138®. 
It  begins  to  sublime  even  at  the  melting  point,  and  at  a somewhat  higher  temperature 
sublimes  very  easily  and  without  alteration,  in  thin  colourless  laminse. 

Ceratophyllin  appears  to  be  a higher  homologue  of  orsellinata  of  ethyl, 
its  melting  point  is  about  16®  higher  than  that  of  the  latter. 

Ceratophyllin  is  much  more  scluble  in  hot  water  than  in  cold ; it  dissolves  readily 
in  alcohol,  ether,  potash-le^,  aqueous  ammonia,  and  lime-water.  The  alcoholic  solution, 
which  has  a neutral  reaction,  is  coloured  purple-violet  by  a small  quantity  of  ferric 
chloride,  blood-red  by  solution  otchlcride  of  lime,  the  latter  colour  being  destroyed  by 
excess  of  the  reagent ; no  precipitate  with  alcoholic  sugar-of-lead  or  nitrate  of  silver. 
From  the  ammoniacal  solution  hydrochloric  acid  throws  down  the  ceratophyllin  in  thin 
prisms.  Ceratophyllin  dissolves  in  dilute  nitric  acid,  the  solution  acquiring  only  a 
slight  yellow  tint  when  heated.  Strong  sulphuric  acid  dissolves  it  without  alteration 
at  ordinary  temperatorrs,  but  chars  it  when  heated. 

VBTSOSTXOBKXXnk  (J.  Jobst  and  0.  Hesse,  Ann.  Ch.  Pharm.  cxxix.  116; 
Jahresb.  1864,  p.  454.)— An  alkaloid  obtained  from  the  Calabar  bean,  the  seed  of 
Physoetiyma  veficnosum,  a poisonous  leguminous  plant  growing  in  mar^y  situations 
near  Attarpah  and  Old  Calabar  in  Upper  Guinea.  The  poisonous  power  appears  to 
reside  only  in  the  cotyledons.  By  repeatedly  exhausting  the  shelled  beans  with  boiling 
alcohol  of  80  per  cent.,  and  evaporating  the  extract,  a yellowish  residue  is  obtained, 
which  dissolves  in  water  with  acid  reaction,  and  separation  of  a small  quantity  of  oiL 
Neutral  acetate  of  lead  added  to  this  solution  throws  down  an  add  (not  predpitable  by 
lime-water,  chloride  of  calcium,  or  nitrate  of  silver),  and  the  filtrate  freed  from  lead  by 
sulphydric  acid,  yields  on  eraponitiou  a red  residue,  from  which  absolute  alcohol 
extracts  acetate  of  physostigmiue,  leaving  gum  imdissolved. 
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The  baee  itself  is  most  easily  prepared  from  the  extract  by  aatturating  iU  aolotion  in 
a small  quantity  of  cold  water  with  calcined  magnesia,  evaporating,  and  treating  the 
still  moist  residue  with  ether,  as  long  as  that  rolvent  takes  up  any  of  the  base.  The 
ethereal  solution  is  agitated  with  a few  drops  of  very  dilute  sulphuric  acid;  the  lower 
dark  red  layer  of  liquid  is  again  sliaken  up  with  magnesia ; the  base  thus  separated  ia 
dissolved  up  by  ether  ; and  tlie  solution  is  left  to  evajK>rate. 

Physostigmmc  thus  obtained  is  a brownish*yellow  amorphous  mass,  sparingly 
soluble  in  water,  moderately  soluble  in  ether,  alcobob  benzene,  ammonia,  and  soda. 
From  the  ethereal  solution  it  is  completely  precipitated  by  animal  chareoaL  The 
aqueous  solution  has  a slight  burning  taste,  a distinct  alkaline  reaction,  forms  a kermes 
coloured  precipitate  with  iodide  of  hydrogen  and  potassium,  and  precipitates  ferric 
hydrate  from  a solution  of  the  chloride. 

The  solutions  of  physostigmine  in  acids  have  a dark  red  or  more  rarely  a dark  blue 
colour  ; they  are  more  or  less  decolorised  by  sulpliydric  acid,  and  leave  the  salts  in  the 
form  of  red  amorphous  masses,  easily  soluble  in  water  and  in  alcolioL  They  form  amor- 
phous precipitates  with  tannic  acid  and  with  piutinic,  auric  and  mercuric  chlorides.  The 
ffi4d~saU  decomposes  easily,  with  separation  of  the  metals. 

Physostigmine  is  the  active  principle  of  the  Calabar  bean.  The  solution  given  in 
small  doses  to  a rabbit  produces  paralysis  in  fire  and  death  in  twenty  minutes,  without 
contraction  of  the  pupils.  When  dropt  into  the  eye,  however  (even  an  hour  after 
death),  it  produces  in  ten  minutes  considerable  contraction  of  the  pupil.  According  to 
ChristisoD,  a dose  of  0*8  grm.  of  the  bean  produces  vertigo,  and  strong  paralysis  of  the 
ToluQtary  muscles  without  any  {>ainful  symptoms;  accoi^Dg  to  Harley,  a piece  of  the 
size  of  a millet-seed  will  kill  a cat  or  a rabbit;  according  to  Robertson,  the  bean 
produces  transient  contraction  of  the  Sphincter  Iridis  and  Museulus  ciliaris^  and 
therefore  affords  an  excellent  means  of  counteracring  dilatation  of  the  pupil.  The 
alcoholic  extract  of  the  beans  is  the  roost  convenient  for  medical  purposes. 

ygTTOOHMM n>T>T«  The  Chemistry  of  Plums.  The  most  comprehensive 
treatise  on  this  subject  is  that  of  Hochleder,  published  at  Leipzig  in  1854,  ami  given  in 
a somewhat  abridged  form  in  the  eighth  volume  of  Gmelin’s  **  Handbuch  der  Cbemie,*’ 
containing : 1.  The  proximate  principles  of  plants  arranged  according  to  orders  and 
genera. — 2.  The  nutrition  of  plants,  and  the  formation  and  metamorphoses  of  their 
several  constituents.  See  also  the  articles,  Ash  op  Oboaitic  Bonus,  Majtvrb,  and 
Nttbitiok  of  PiJiyrs  in  tliis  Dictionary;  also  the  several  articles  describing  the 
chemical  constitution  of  individual  plants. 

VsmOMSUir  or  Plant-yellow.  A name  proposed  by  W,  Stein  for  rutin,  on 
account  of  its  wide  diffusion  in  the  vegetable  kingdom.  (See  Rutzk.) 

FZAVXXTII.  An  earthy  resin  occurring  at  Pianze  near  Neustadt  in  Camiola,  in 
brownish-black  masses  with  yellowish-brown  streak.  Hardness  = 15.  Specific 
gravity  m 1*220.  It  melts  at  316°,  and  bums  with  an  aromatic  odour  und  much 
smoke,  leaving  6‘Od  per  cent.  ash.  It  dissolves  in  ether  and  in  caustic  potash,  freely 
also  in  absolute  alcohoL  When  heated  in  a glass  tube,  it  yields  a yellowish  oily 
distillate  having  an  acid  reaction.  (Uaidi  nger,  Pc^.  Ann.  Ixii.  276.) 

PZCAMAS.  One  of  the  products  of  the  distillation  of  wood-tar.  It  is  an  oil  of 
specific  gravity  1*10,  unctnous  to  the  touch,  having  a faint  odour  and  a burning  bitter 
taste.  It  boils  at  al>out  270°,  and  unites  with  alkalis,  forming  crystallisable  com- 
pounds. (Reichenbacb.) 

FZCKXnuo  ACZS.  Syn.  with  Laubic  Acn>  (iii.  473). 

FZCBUXZ1K-OZ&.  Pichurim-beans,  Faba  Pichurim  minores  (from  Ocotea 
pivhury  vdnor^  Martios),  yield  by  distillation  with  water,  a yellow  oil,  smelling  like 
bay  and  sassafras  oil,  and  having  a sharp  burning  taste.  By  distillation  with  sulphuric 
acid  (which  prevents  the  beans  from  aggregating  into  a pasty  mass,  and  increases  the 
yield  of  liquid).  Muller  (J.  pr.  Chem.  Iviii.  4631  obtained  a yellowish-green  oil, 
having  the  peculiar  odour  of  the  beans,  slightly  soluole  in  aqueous  alcohol,  easily  solu- 
ble in  al>solute  alcohol  and  in  ether.  By  repeated  fractional  distillation,  it  may  be  re- 
solved into  a number  of  oils  of  constant  Wling  point,  viz.  (1).  A colourless  mobile  oil 
boiling  at  160°,  and  emitting,  when  rubbed  between  the  fingers,  a very  pungent 
odour  like  that  of  the  leaves  of  Trucriutn  Marum, — (2).  A tninsparent  colourless  oil 
boiling  between  165°  and  170°,  and  smelling  like  oranges  when  its  vapour  mixes  with 
the  air  in  small  ouantity,  like  turpentine  in  larger  quantity.  Both  these  oils,  after 
drying  over  chloriac  of  i^cium  ana  solid  potash,  consist  essentially  of  a hydrocarbon 
C*H*,  partly  altennl  by  oxidation. — (3).  A yellowish-green  oil  boiling  between  235° 
and  240°,  smelling  like  the  beans,  more  viscid  than  the  preceding,  and  agreeing  nearly 
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in  comporition  with  the  empirical  formula  C*H**0*. — (4).  In  larger  quantity,  an  oil 
boiling  between  260^  and  266^,  and  agreeing  nearly  in  composition  with  the  formula 
This  oil  has  a faint  odour  and  deep  blue  colour  permanent  in  the  dark, 
but  changing  to  greenish-yellow  under  the  influence  of  light  or  of  oxidising  agents, 
appearing  then  to  be  conrerted  into  that  last  described. 

PiekHrim^eamphor.  According  to  Bonastre,  pichurim-oil  is  resolved  by  cold 
alcohol  into  a strong-smelling  elseoptene  and  a nearly  inodorous  camphor  or  stearoptene 
which  separates  in  white  shining  micaceous  laminae.  According  to  Muller,  the  dark 
blue  oil  above  mentioned  deposits  crystals  of  lauric  acid,  which  may  be  extracted  in 
larger  quantity  by  means  of  soda,  ironastre’s  camphor  perhaps  consisted  either  of 
this  acid  or  of  laurostearin. 

FZCHirsosTBARXC  ACZO.  Syn.  with  Laubio  Acm. 

PZCUntZVOZTB.  Native  magnesia-alum  found  near  Iquique  in  Peru  (see 
SOLFHATBS). 

FlCOZiZra.  C*H^.  Odorine,  (Unverdorben,  Pogg.  Ann.  vui  259,  480;  xi 
69. — Anderson,  N.  £d.  Phil.  J.  xli.  146,  291 ; Phil.  Mag.  J.  [3]xxxiiL  186;  also 
J.  pr.  Chem.  46,  166 ; Ed.  Phil.  Trans,  xxi.  Pt.  1,  219 ; PhiL  Mag.  J.  [4]  ix.  214 ; also 
E(f  Phil.  Trans,  xxi.  Pt.  4,  578. — C.  Ore vi lie  Williams,  Chem.  Soc.  Qu.  J.  rii.  97; 
Chem.  Gaz.  xii.  283 ; £d.  PhiL  Trans,  xxi  Pt.  2,  313;  Church  and  Owen,  Chem. 
News,  ii.  146. — Wertheim,  Ann.  Ch.  Pharm.  Ixx.  62  ; Chem.  Oaz.  vii  309.) 

In  1826,  Unverdorben,  while  investigating  the  feetid  oil  obtained  in  the  destructive  dis- 
tillation of  bones,  discovered  several  volatile  alkaloids.  Among  these  was  one  distin- 
guished by  its  OTerpowering  and  persistent  smell ; to  this  substance  he  gave  the  name 
of  odorine.  The  experiments  of  Unverdorben  however,  although  conducted  with  re- 
markable skill  and  perseverauce,  did  not  in  any  way  establish  the  composition  of  the 
bodies  which  he  separated,  and  as  no  salt  was  obtained  by  him  free  from  other  bomo- 
h^es  of  the  same  series,  we  shall  not,  except  in  sp^ial  cases,  quote  his  results.  Most 
of  the  facts  observed  by  him  may  be  found  in  Gmelin's  Handf)Oi>k,  xL  263  et  stq.  But 
in  1846,  Dr.  Anderson  succeeded  in  isolating  a base  from  coal-naphtha,  which  he 
showed  to  be  isomeric  with  aniline.  He  also  showed  its  relations  to  Unverdorben’s 
odorine,  and  gave  it  the  name  of  picoline.  Subsequently  he  detected  the  same 
alkaloid  in  bone-oil,  accompanied  by  numerous  homologucs,  including  p)'ridine,  the 
first  member  of  the  series. 

Occurrence  and  Formation^ — 1.  In  coal-naphtha  (Anderson). — 2.  In  bone-oil 
(Anderson). — 3.  In  the  tar  produced  by  distilling  the  bituminous  slate  of  Dorsetshire 
(Williams^ — i.  It  is  probably  contained  in  the  basic  liquid  obtained  by  Stenhouse 
in  his  researches  on  the  products  of  the  destructive  distillation  of  beans,  &c.— 6.  A base 
possessing  the  same  centesimal  composition  and  boiling  point  is  found  among  the  pro- 
ducts of  the  distillation  of  cinchonine  (Williams). — 6.  In  the  distillate  fiom  peat 
(Church  and  Owen).  The  statement  by  Wertheim  that  picoline  is  yielded  by 
piperino  when  distilled  with  soda-lime  is  erroneous.  The  base  obtained  in  that  manner 
IS  piperidine,  OH"N.  The  question  of  the  identity  or  isomerism  of  the  tertiary  mona- 
mines  formed  during  destructive  distillation  is  one  of  the  greatest  difficulty,  and  recent 
researches  have  shown  not  only  that  the  chinuline  and  leucoline  series  are  distinct, 
but  also  that  the  pyridine  series,  as  found  in  the  distillate  from  cinchonine,  also 
form  a distinct  class.  (See  Lutidixb,  iii  737.) 

Preparaiion. — The  preparation  of  all  volatile  bases  (except  pyrrol)  from  the  oily  pro- 
ducts of  destructive  ^stulation,  is  conducted  in  nearly  the  same  manner.  The  oils 
are  first  to  be  shaken  up  with  sulphuric  acid  diluted  with  about  twice  its  weight  of 
water.  This  treatment  with  acid  may  be  repeated  to  ensure  the  entire  removal  ^ the 
last  portions  of  the  bases.  On  stanmng,  the  acid  solution  settles  to  the  bottom  of  the 
vessel  and  may  be  removed  by  means  of  a siphon  or  separator.  A very  good  apparatus 
for  the  purpose  consists  of  a carboy  from  which  the  bottom  bos  been  removed.  It  is 
to  be  inverted  and  placed  on  any  convenient  support  which  will  allow  of  vessels  being 
placed  beneath.  A sound  bung  to  which  a stopcock  has  been  fitted  is  then  to  bo 
cemented  to  the  neck  of  the  carlioy.  The  mixture  having  been  placed  in  the  separator 
the  acid  liquid  is  to  be  drawn  off  below.  The  next  step  is  to  boil  in  an  open  vessel  as 
lon^  as  pyrrol  is  given  off.  This  may  be  ascertained  by  holding  a slip  of  fir-wood, 
moistened  with  strong  hydrochloric  acid,  in  the  escaping  steam.  When  the  wood  is 
no  longer  reddened  the  boiling  may  be  stopped.  If  it  be  desired  to  save  the  pyrrol  the 
operation  must  be  conducted  in  a still.  As  soon  as  the  pyrrol  has  been  expelled,  the 
liquid  is  to  bo  strained  through  calico  to  remove  pitchy  and  resinous  matters.  An 
excess  of  caustic  soda  is  then  to  be  added,  and  the  whole  di.><tilled  os  long  as  the  dis- 
tillate contains  bases.  This  may  be  ascertained  by  seeing  whether  fumes  are  given 
off  on  the  approach  of  a rod  dipped  in  hydrochloric  acid.  If  the  distillate  is  very 
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veak,  it  is  to  be  concentrated  by  a second  distillation,  before  proceeding  to  the  next 
operation.  The  next  stop  is  to  a Urge  excess  of  solid  potaw  to  the  liquid,  so  as  to 
render  the  bases  insoluble,  and  cause  them  to  rise  to  the  surface.  This  operation  most 
be  performed  with  care,  in  order  to  prevent  the  temperature  rising  sufficiently  to  cause 
a loss  of  the  more  voUtile  constituents. 

The  basic  oil  which  rises  to  the  surUce  after  the  addition  of  the  solid  potash,  is  to  be 
separated  from  the  aqueous  liquid,  and  placed  in  bottles  of  moderate  sue.  The  mix* 
ture  of  bases  still  contains  a largo  quantity  of  water,  which  must  be  entirely  removed 
before  proceeding  to  the  next  operation.  To  effect  this,  sticks  of  potash  are  to  be 
added  and  the  whole  allowed  to  stand  a few  minutes.  The  water  will  soon  begin  to 
act  on  the  potash,  and  the  solution  of  hydrate  of  potassium  which  sinks  to  the  bottom 
of  the  bottles  is  to  be  removed  as  fast  as  it  is  formed.  The  most  convenient  mode  of 
doing  this  is  by  moans  of  a large  pipette  furnished  with  a vulcanised  india-rubber 
ball  at  its  upper  extremity.  The  ball  is  to  be  pressed  flat  in  the  hand,  and  the  lower 
end  of  the  pipette  being  immersed  in  the  liquid  to  be  removed,  the  pressure  on  the  ball 
is  to  be  lessened;  the  liquid  will  then  enter  the  bulb  of  the  pipette  and  may,  after  re- 
moval, be  expelled  by  renewing  the  pressure.  After  proceeding  as  above  for  about 
half  an  hour,  it  will  generally  be  found  that  the  separation  of  the  water  will  betpo  to 
take  place  very  slowly.  Moro  solid  potash  is  then  to  be  added  and  the  whole  left 
at  rest  for  some  hours;  the  removal  of  the  aqueous  portion  is  then  to  be  repeated. 
It  will  require  a day  or  two  of  digestion  to  effectually  remove  evoiy  trace  of  moisture. 
It  will  also  be  found  that  the  more  volatile  and  soluble  in  water  the  bases  are,  the 
more  digestion  will  bo  required.  It  must  not  be  forgotten  that  if  aniline  and  its 
bomologues  arc  present,  they  must  bo  destroyed  by  Iwiling  with  nitric  acid  before 
attempting  the  dehydration. 

It  is  absolutely  essential  to  remove  eveiy  trace  of  moisture  before  proceeding  to 
fractional  distillation.  The  smallest  quantity  of  water  will  give  rise  to  the  greatest 
errors  if  it  be  attempted  to  separate  mixtnres  W taking  advantage  of  the  differences  in 
the  boiling  points  of  the  substances  present.  The  wbme  liquid  will  now  require  to  be 
subjected  to  a complete  and  systematic  distillation.  This  process  is  exceedingly  tedious 
and  takes  a vast  amount  of  time.  A mixture  containing  six  or  eight  homologous  bases 
will  require  thirteen  or  fourteen  complete  fractionations,  involving  nearly  a thousand 
distillations,  before  anything  approaching  to  complete  separation  will  be  effected.  For 
full  details  of  the  methods  of  conducting  the  operation,  the  reader  is  referred  to  the 
original  memoirs  quoted  at  the  head  of  this  article. 

The  picoUne  wiU  be  found  in  the  fractions  boiling  at  about  135^.  The  fractions  dis* 
tilling  in  the  twelfth  or  thirteenth  rectifications  between  130°  and  140°  will  consist  of 
almost  pure  picoline. 

Propertitt. — Picoline  is  a colourless  mobile  liquid  which  does  not  freeze  at  0°.  It 
has  an  intensely  powerful  and  characteristic  odour,  and  when  inhaled  through  the  nos- 
trils, produces  a bitter  taste  in  the  mouth  and  back  of  throat.  It  fumes  strongly  on  the 
approach  of  a rod  dipped  in  hydrochloric  acid.  It  blues  litmus  but  does  not  affect  the 
colour  of  a solution  of  red  cabbage.  It  does  not  yield  any  coloured  reaction  when 
chloride  of  lime  is  added  to  its  aqueous  solution,  but  the  mixture  acquires  a new  and 
peculiar  odour.  It  boils  steadily  at  about  135°  (Anderson).  Its  specific  gravity  at 
0°  is  0*9613.  The  density  of  its  vapour  was  found  by  experiment  tobe  3-290.  Theory 
requires  3*224.  The  refractive  indices  of  a specimen  prepared  from  peat  by  Mr. 
ChuTi'b,  and  having  a specific  gravity  of  0*965,  were  found  by  Gladstone  and  Dale  to 
be  for  A,  1*4888;  D,  1*4980;  H,  1*5314,  the  temperature  at  the  time  being  22*5°- 
(Phil  Trans.  1863,  p.  317.) 

Dceomj^sitiona. — 1.  The  action  of  chlorine  on  picoline  varies  according  to  the 
manner  m which  the  experiment  is  made.  When  a current  of  the  gas  is  passed 
through  an  aqueous  solution,  absorption  takes  place,  the  liquid  becomes  brown,  and  a 
peculiar  pungent  odour  is  evolvea.  From  the  solution  potash  precipitates  a dark 
brown  resinous  matter.  But  if  excess  of  picoline  be  poured  into  a bottle  of 
chlorine,  and  the  liquid  be  distributed  over  the  surface  of  the  bottle,  the  greater  portion 
is  converted  into  a crystallised  mass,  which,  on  treatment  with  water,  leaves  an  amor- 

fhous  powder  of  doxzling  whiteness.  It  is  insoluble  in  water  but  soluble  in  aloohoL 
tconsislsof  the  hydrochlorate  of  trichloropicolinc,  C*H*CI*N*.HC1  (Ander- 
son).— 2.  J?romtnr-tcafrr  added  to  solution  of  picoline  riclds  a resinous  precipitate, 
insoluble  in  water,  but  soluble  in  alcohol  and  euer.  When  picoline  is  thrown  into  a 
vessel  filled  with  bromine-vapour,  the  reaction  which  ensues  i.s  analogous  to  that  with 
chlorine. — 8.  Iodine  in  presence  of  water  yields  hydriodate  of  picoline  mixed  with  a 
brown  impurity. — 4.  Nitric  acid  does  not  readily  decompose  picoline  even  when  boiled ; 
no  picric  acid  is  formed  even  after  prolonged  ebullition.  Nitric  acid  in  the  cold  yields 
nitrate  of  picoline  (Anderson). — 5.  iSo^ttim  cohobated  for  some  days  with  picoline 
converts  it  into  parapieoline,  a new  and  remarkable  base  apparently  polymeric  with 
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picolioe  itMlf.  Its  fomulA  vs  ■■  C**H'*N*.  It  boils  b«tw(^en  260°  and 

316°,  and  is  at  the  same  time  partially  decomposed,  with  formation  of  pyrrol  and  car- 
bonate of  ammonium.  It  most  be  distilled  in  a current  of  hydrogen  at  a temperature 
below  its  boiling  point.  (Anderson.) 

PiooLiim-8Ai.T8. — IMcoline  unites  with  acids  forming  salts,  most  of  which  are 
exceedingly  soluble,  but  in  general  crystallisahle  when  carefully  prepared.  On  mixing 
them  with  strong  acids  considerable  heat  is  evolved.  Ail  picoliue-salts  are  readily 
decomposed  by  fixed  alkalis,  with  separation  of  the  base.  They  closely  resemble  the 
•alts  of  pyridine. 

roc  4/or  d/e.~Hydrochloric  acid  and  picoUne  mixed  in  the  proportion  of  one 
equivalent  of  each  and  carefully  evaporated  on  the  water-bath,  yield  prismatic  ciysUils, 
which  sublime  when  gently  heated.  The  sublimed  salt  is  deliquescent.  (Anderson.) 

Chiorocuprate  of  Picoline. — J.Argo  rhombohedral  crystals  obtained  by  evaporating 
cupric  chloride  with  bydrochlomte  of  picoline. 

Chioromfreuratff  C*H^N.Hg‘*Cl*.— Picoline  added  to  a strong  solution  of  corrosive 
sublimate  3rields  a curdy  precipitate.  From  dilute  solutions  it  may  be  obtained  in 
needles.  The  salt  must  air-d^ed  as  it  evolves  picoline  when  heated.  (Anderson.) 

CkloroauraU. — Delicate  yellow  needles  dissolving  in  20  pts.  of  filing  water. 
(Unverdorben.) 

Chloroplatinate,  2(C^’N.HCl).Pt**CF.~-Tbi8  salt  varies  in  appearance  with  the  mode 
of  preparation.  A concentrated  solution  of  tetrachloride  of  platinum  added  to  a 
strong  solution  of  hydrochlorate  of  picoline,  yields  orange-yellow  needles  requiring 
about  4 pts.  of  boiling  water  for  solution.  (Anderson.) 

The  platinum-salt  is  slowly  decomposed  by  boiling  with  water,  and  yields,  after  eight 
or  ten  days,  an  insoluble  substance  resembling  fiowers  of  sulphur,  and  having  the 
formula  C'*H'*Pt"K^.4HCL  It  is  the  suit  of  a pLitiiium-buse  analogous  to  platinamine ; 
it  is,  therefore,  the  dihydrochlorate  of  platinopicoline.  If  the  ebullition  of 
the  original  pUtinum-salt  with  water  be  arrested  at  a certain  point,  which  is  only 
ascertainable  by  experiment,  a double  salt  cr^’stalliscs  out  containing  1 at.  dibydroshlo- 
rate  of  platinopicoline  united  to  1 at  chloroplatinate  of  picoline.  (Anderson.) 

Sulphate  of  Picoline. — A neutral  sulphate  of  picoline  has  not  yet  been  obtained, 
owing  to  the  tendency  of  the  base  to  escape.  When  au  excess  is  added  to  tlie  acid,  and 
the  mixture  is  evaporated  on  the  water-bath,  tlie  base  continues  tufiy  oiT  until  an  acid 
salt  is  formed,  which  on  cooling  soldifies  to  a mass  of  colourless  deliquescent  crystab. 
(Anderson.) 

Oxalate  of  Picoline. — When  excess  of  picoline  is  added  to  solution  of  oxalic 
acid,  and  the  mixture  is  evaporated  orer  lime,  the  whole  eventually  solidifies  to  a dense 
crystalline  mass,  very  soluble  in  water  and  alcohoL  Heated  to  100^’  it  melts  giving 
off  picoline  and  yielding  an  acid  salt.  (Anderson.) 

Subititution-dcrivaHves  of  Picoline, 

Hydriodate  of  Ethyl-picoline^  = C*H*(C*H*)N.HI. — Picoline  b 

to  be  mixed  with  excess  of  iodide  of  ethyl,  and  sealed  in  glass  tubes.  On  heating  to 
100°  in  a water-bath,  combination  begins  to  take  place  ^most  immediately,  heat  b 
evolved,  the  liquid  separates  into  two  layers,  and  in  a few  minutes  the  reaction  b com- 
pleted. On  cooling,  the  upper  stratum  solidifies  to  a crystalline  mass,  and  crystab 
also  form  in  the  lower  layer  which  consists  principally  of  the  excess  of  iodide  of  ethyL 
The  solid  and  liquid  portions  are  to  be  thrown  on  a filter,  and  the  crystals  washed  with 
a mixture  of  alcohol  and  ether ; after  draining,  the  salt  b to  be  dissolved  in  as  small  a 
quantity  as  possible  of  a boiling  mixture  of  alcohol  and  ether.  As  the  liquid  coob  the 
new  substance  is  deposited  in  beaulitid  silvery  plutee.  It  b very  soluble  m water  and 
alcohol,  but  less  soluble  in  ether.  (Anderson.) 

^ Ethyl-picoline. — When  the  hydriodate  b dissolved  in  water  and  moist  oxide  of 
silver  is  agitated  with  it,  iodide  of  silver  is  precipitated  and  the  base  remains  in  solu- 
tion. Heat  must  be  avoided  as  the  base  b readily  decomposed.  If  the  operation  be 
eantioosly  performed,  a coloorlees  solution  results ; it  bos  a faint  but  peculiar  odour,  and 
b highly  alkaline.  It  r^tores  the  blue  of  reddened  litmns,  turns  turmeric  brown,  has 
a powermlly  caustic  taste,  and  feeU  soapy  between  the  filngers.  It  reacts  with  metallic 
salts  generally  like  potash  or  soda.  On  boiling,  the  solntion  becomes  red,  and  ethyl- 
amine  b evolved.  (Anderson.) 

Platinum-9<dt  of  EthylpicoUnej  2(C*H"N.HCI).PtCl*. — Orango-red  tabular  crystab 
of  considerable  sbe  and  great  beauty.  (Anderson.) 

Gold^saUf  G*H**N.HCLAaCl*.<--Ooldcn-yellow  flattened  prisms. 


ni«-  ■ ec  ‘ 


G40 


PICRAMMONIUM. 


Etkylene-dipieolyl-diammonium^C'*W^  (C**H*)‘'(C?H’)*N*. — The  chlo- 

ride or  bromide  of  thie  base  is  obtained  by  treating  picoUne  with  chloride  or  l>romida 
of  ethylene:  e.g., 

2(C*H0"N  + C*H*C1*  (C>H‘)"(C‘'&')“N*a*. 

(Church  and  Owen) ; see  also  Dayidson  (Chem.  Soe.  Qii.  J.  xiy.  165). 

Constitution  of  PicoHne, 

PicoUne  is  a tertiary  monamine,  formed  on  the  type  of  one  atom  of  ammonia. 
But  it  differs  from  the  tertiary  monaminee  produced  by  the  action  of  the  iodides 
of  the  alcohol-radicles  on  ammonia,  inasmuch  as,  instead  of  haring  the  three  atoms 
of  hydrogen  in  the  type  replaced  by  three  atoms  of  a radicle,  they  appear  to  be  re- 
place by  one  triatomic  radicle.  It  is  therefore  usual  to  write  its  formula 

Kothing  certain  is  known  of  the  nature  of  any  of  the  triatomic  radicles  contained  in 
the  tertiary  monamines  produced  by  destructive  distillation.  C.  O.  W. 

VZOOUTB,  A black  chromiferons  spinel,  ocenrring  as  an  accessory  constitnent 
in  Lherzolite  (lit  565).  It  has  a density  of  4 08,  and  contains,  according  to  Damoor’s 
analysis  (Jahresb.  1862,  p.  724^  56*0  per  cent.  Fomina,  8*8  chromic  oxide,  10*3  mag- 
nesia, 24*0  ferrous  oxide,  and  2*0  siliceous  residue  («  101*2). 

PZO&AHEZC  AOZ3>.  C*H*NKP. — An  acid  produced  by  the  action  of  rednciiig 
agents  on  picric  add  (see  NiTBoPosKaMic  Acids,  p.  406X 

VZOBAMMOirXTrBK.  Lautemsnn,Ann.Ch.Pliarm. 

exxv.  1.) — A tri'nmmonium,  the  iodide  of  which  is  produced  by  the  action  of  iodine 
and  phosphorus  on  aqueous  picric  acid,  tliat  is,  of  h^'oriodic  acid  on  picric  acid: 

C*U>(NO’)»0  + 23HI  - + 7H’0  + lOl* 

A saturated  solution  of  picric  acid,  treated  with  iodine  and  phosphorus  (best  with  100 
pts.  iodine  to  about  2U  pts.  phosphorus),  becomes  heated  to  the  boibng  point,  and  on 
subsequently  distilling  off*  the  excess  of  hydriodic  acid  in  an  atmosphere  of  carbonic 
anhydride,  the  remaining  liquid  solidifles,  at  a certain  degree  of  concentration,  to  a 
of  long  yellowish  needles  of  the  tri-iodide,  which  may  bo  obtained  nearly  colourless  by 
washing  with  alcohol  containing  ether,  solution  in  absolute  alcohol,  and  evaporation  in 
a vacuum  over  oil  of  vitriol. 

Iodide  of  pienunmoninm  is  deliquescent  and  becomes  resinous  on  exposure  to  light; 
cry^llis«  from  ^ueoiw  hydriodic  acid,  but  not  from  water ; from  the  alcoholic  so- 
Intion  it  is  precipitated  in  the  resinous  state  by  other.  The  aqueous  solution  reduces 
platinic  chloride;  foras  a steel-blue  precipitate  with  a strong  solution  of  ferric  chloride; 
and  imparts  to  a dilute  solution  a deep  blue  colour,  which  changes  to  violet  after  a 
while,  and  then  disappears,  a floceulent  precipitate  separating  at  the  same  time. 
titrate  of  sUwr  added  to  the  solution  of  the  iodide  throws  down  silver* iodide  and 
metallic  silver,  the  supernatant  liquid  turning  bine.  The  iodide  evaporated  with  nitric 
aetd,  gives  off  a small  quantity  of  gas,  and  yields  brown  crystals  forming  a blue  solution 
j°,  _Wilh  potash-^  it  gives  off*  ammonia,  and  deposits  brown  flocks.  The 

dilute  solution  of  the  iodide,  mixed  with  a little  amnumia^  becomes  blue;  the  concen- 
trate solution  acquires  a transient  dark-green  colour. 

Picramine,  or  hydrate  of  picrammonium,  cannot  bo  isolated  on  account  of  its  ready 
oxidability. 

«/ /VcrammoniUffl,  (C*H'*N')~'H(SO‘)*  — (C*H''N’)'"lo‘,  u ob- 
^ , . H j 

tained  by  mwng  the  solution  of  the  iodide  in  absolute  aleohol  with  dilute  sulphorie 
in  greyish-white  flocks,  which  crystallise  with  partial  decomposition  from  water. 
Ihe  sulphunc  acid  is  completely  precipitated  from  this  salt  by  chloride  of  barium. 

Sviphato-iodideof  .211*0  ™ 

is  obtmned  in  light,  amber-yellow,  octahedral  cirstals,  when  the  aqueous  solution  of 
the  iodide,  mixed  with  dilute  sulphuric  acid,  is  left  to  evaporate.  It  is  easily  soluble 
m water,  nearly  insoluble  in  alcohol  and  ether,  and  difficult  to  crystallieo  from  water. 

Acid  Phosphato-iodide  of  P^ammonium,  } 03*0  = 

(OIP  N')  I J .2H*0,  separates  in  the  ciystalline  state  on  mixing  the  aqueous  iodide 
with  orthophosphoric  acid.  It  dissolves  easily  in  water,  with  difficulty  in  alcohol  and 
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ellier.  Phosphoric  acid  added  to  the  alcoholic  solution  throws  down  an  insoluble  salt 
from  iodine,  the  solution  of  which  in  hydrochloric  acid  deposits  needles  having  a 
satiny  lustre. 

PICKAMTX.  The  name  applied  by  Berzelius  to  stilbene  or  hydride  of  stilbyl 
(»e«*  Stilbejtk). 

PXCB-ANA&CZimi.  A mineral  occurring  in  geoies  in  the  gabbro  of  Tnscany; 
hUo  in  the  steatitic  paste  of  a metalliferous  dyke.  It  forms  trHpe2ohedrons  and  oulw- 
trapezohc<lrons,  with  distinct  eubic  cloava^.  Hardness  ■■  6.  8peciflc  gravity  — ■ 
2-257.  Colour,  flesh-red  to  colo|»honite-re<i  Luhtro.  vitreous.  Contitins,  according 
to  Becbi  (Sill.  Am.  J.  [2]  liv.  62),  5911  per  cent,  hilica,  22  08  alumina,  10  12  mag- 
neeia,  0‘45  soda,  0 02  potash,  and  7 67  water  (•»  99  45),  agreeing  with  Uie  formula 

4SiO’ H*0,  which  i»  that  of  analcime  (i.  210)  having  the  greater  part  of  the 

sodium  replaced  by  magnesium.  The  mineral  has  most  probablj  been  formed  from 
analoirae  by  the  action  of  water  containing  magnesia.  (Dana,  ii.  318.) 

PXC&A2rX8ZC  ACXB.  The  name  applied  by  Cahours  to  picric  acid  obtained  by 
the  action  of  potash  on  trinitmnisol,  which  he  supposed  to  an  isomeric  modifleation; 
but  it  has  since  been  shown  to  be  identical  with  picric  acid  obtained  from  other 
sources  (p.  402). 

PZCRZC  ACXX>.  C*H*(NO’)*0. — Already  described  as  trinitrophenic  acid  (pp. 
400-405). 

PXCRZIf*  A bitter  substance,  of  doubtful  constitution,  obtained  by  Kadig  from 
fox -glove  {^DigitalU  ^urjmrta).  It  is  described  as  a yellow-brown,  sometimes  crystalline 
sulistance,  soluble  in  water,  alctjhol,  and  ether,  and  precipitateil  from  the  aqueous 
solution  by  mercuric  chloride,  ferrocyanide  of  potassium,  and  acetate  of  lead,  not  by 
carbonato  of  potassium,  or  sulphate  of  cupper  (llandw.  d.  Chem.  vi.  503). 

PXCXtOCTAirxC  ACZX>.  Syn.  with  Isopunia'Ric  Acid  (iiL  433). 

PXCROSXTTBJtZZff.  — A body  produced,  together  with  orsellinic  ether, 

by  the  action  of  l>oiIing  water  on  eiy'thrin,  in  connection  with  which  it  has  been  already 
described  (ii.  603). 

^‘IHcroerythrin,  C’*H*0*. — Lam  par  ter  (Ann.  C'h.  Phnrra.  cxxxiv.  243),  by  treating 
South  American  varieties  of  EiKrtlla  fuciformis  with  milk  of  lime,  as  in  Stenhoitse’s 
process  for  the  prepanition  of  ♦Tjthrin,  has  obtained  a Issly  which  lie  calls  ^’irythnn^ 
having  the  composition  C^’ll’^O’*  ; diflering  from  that  of  ervthrin  by  CH*  (whence  it 
might  h«>  Cftlbnl  nuthjt/l-eryfhrin\  resembling  eryihrin  in  most  n*sp<'cl.H,  but  melting  at 
1150.^1100^  with  violent  evolution  of  carbonic  anliydride,  wliercaa  erythrin  melts,  ac- 
cording to  Hesse,  at  137°,  and  dtws  not  give  off  carbonic  anhydride  till  heated  above 
200^^. 

6-erythrin,  boih*d  with  water,  yields  orsellinic  acid  and|3-picro<*rytlirin.  The  n*action, 
and  that  by  which  ordinary  picroerytUrin  is  produci'd  from  erythrin,  are  represented  by 
the  equations : 

+ IDO  -=  CH"0«  + C'»H"0'. 

Erythrin.  Or»ellinic  acid.  Plcroerythnn. 

C*’H**0>*  = C»HH)*  + C*’H'*0*. 

g-erythriD.  OrsciUulc  acid,  ^.picrocrythrin. 

3-eiythrin,  boiled  with  strong  alcohol,  is  resolved  into  orsellinic  ether  and  /J-picro* 
eiythrin : 

C»n»0'»  + - CH^fC^H^O*  + C'>H“0«  -r  H*0. 

^•4>rytbrin.  Alcohol.  Orsellinic  ^>plcro« 

ether.  erythrin. 

On  distilling  off  the  alcohol,  a syrupy  residue  is  left  which  eolidifles  on  cooling. 
The  solution  of  this  mass  in  lajiling  water  yields  on  cooling  silvery  laminie  of  orsellinic 
ether,  and  the  mother-liquor  evaiK>ntted  to  a syrup,  deposits  ^-pjcroerythrin  in  stellate 
groups  of  needles. 

Beta-picroerj-thrin  has  a slight  acid  reaction,  and  gives  a red  oolour  with  chloride  of 
lime.  It  is  very  soluble  in  water  and  in  alcohol,  sparingly  in  ether.  It  dissolves  also 
in  ammonia,  and  the  solution  forms  with  basic  acetalo  of  lead  a white  precipitate, 
ami  with  nitrate  of  silver  a r**ddish  precipitate,  which  deposits  metallic  silver  when 
warmed.  Wlicn  boiled  with  baiyta-water.  if  yicMs  carl>oDate  of  barium  and  3-orcin. 

FXOKOFXtirZTXl.  A mineral  consisting  of  a silicate  combined  with  flnor  s|)ar 
and  water,  occurring  at  Liipikko,  near  Pitkaranta.  in  Finland.  It  is  while,  with  a tinge 
of  green  or  blue,  single-refnicting.  with  sn  unctuous  to  dnll  lustre ; hardness  •»  2 to  3 ; 
stH  ciftc  gravity  2 74.  It  molts  before  the  blowpipe  with  intumescence  and  spirting, 
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dissolres  completely  in  acids,  and  giTes  off,  with  milphuHc  acid,  a lar^  quantity  of 
fluoride  of  silicon.  Analyses,  a by  A.  and  J.  Galindo,  b by  Arppe,  gare 
SiO»  F CV'O  Mf"0  Fe-'O  Mo"0  H^O 

a.  20*90  n*l6  22*72  28*79  l*o4  0*78  8*97  - 94*86 

b.  32*16  . . 1980  25*19  3*50  • • 9 08 

These  analyses  lead  to  the  formula  (4M"0.3Si0').2Ca’'F'.3ll*0.  (Arppe,  JahrwK 
1862,  p.  752.) 

PXCROO&TCZOH.  Du^camarin. — A sul>stance  contained,  together  with  aolanine 
and  other  matters,  in  bittersweet  or  Dulcamara,  the  stetita  of  Sttlanvin 

JhUcamara.  It  is  obfainetl  fm?  from  solaninc  by  exhausting  the  aqueous  extract  of 
the  stems  with  alcohol,  distilling  off  the  alcohol,  dissolving  the  residue  in  water,  pre- 
cipitating the  solution  with  btiaic  acetate  of  lead,  decomposing  the  lea<l-pre<*ipitate  with 
snlpliydric  acid,  and  evaporating  the  filtrate  to  dryness.  On  treating  tho  roaidue  with 
act'tic  ether,  and  leaving  the  ether  to  evaporate,  picroglycion  is  obt  nned  in  small  sud- 
late  crystals,  which  may  be  freed  from  mother-liquor  by  pressure  between  paper. 

Picroglycion  has  u sweet  and  bitter  taste,  melts  very  easily,  uud  is  decompose*!,  with 
carbonisiition,  at  a liigher  temperature.  It  is  very  soluble  in  water,  alcohol,  and  ac»  t*c 
ether;  insoluble  in  wmmon  etlier.  It  is  not  prccipiUited  from  its  solutions  cither  by 
metallic  salts  or  by  tincture  of  galls. 

VZOSOXiSCBnrSM*  A mibstauce  contained,  according  to  Alms  (Ann.  Ch. 
Pharm.  i.  61)  in  ranW«r/Vi  amara.  It  is  extracted  by  alcohol,  crystallised  by  evapo- 
ratingthe  solution  to  a syrup,  and  purified  by  washing  with  a weak  solution  of  pofassic 
carbonate,  and  n'crystallining  fnan  aleohoL 

It  forra-s  truncated  rhombic  octahedrons,  colourless,  t^rmanent  in  thenir,  inodorous, 
Very  bitter,  and  having  a sp<^ific  gravity  *»  1*176.  It  melts  at  100®,  and  carbonise* 
at  a higher  temperature,  giving  off  vapours  free  fn»m  ammonia.  It  is  insoluble  in 
cold  water,  slightly  soluble  iu  l>oiling  water,  very  soluble  in  alcohol,  ether,  volatile  mis, 
and  sulphide  of  carbon,  and  with  aid  of  beat  in  fix(*d  oils.  The  alcoholic  solution  has 
an  acid  reaction. 

Picmlieheuin  is  decomposed  by  nitric,  hydrochloric,  and  phosphoric  acid.  With 
cau>*ric  potash  it  forms  a rnl  solution,  from  which  acids  precipitate  a broWTi-red  bitter 
8uk»stanee.  When  left  in  c*>ntact  with  ammonia  in  a clos<*  vessel,  it  first  become* 
viscous  and  resinous,  and  ultimately  dissolves,  forming  a liquid  which  is  ctdourless  at 
first,  then  turns  reddi.sh,  finally  saffron-yellow,  and  deposits  afVer  awhile,  shining  yellow 
tufts  of  fiattened  tasteb-sa  needles  easily  soluble  in  ali?ohol  and  in  caustic  alkalis.  They 
effloD'SCo  in  dry  air,  give  off  ammonia  when  hi^ated,  and  melt  at  40®  to  a glutinous  mass, 
having  a deep  clieny'-nnl  wlour,  and  Iwhaving  with  solvents  like  the  ciystals.  The 
same  red  body  is  fonn«-d  when  the  ammoniac^  solution  of  picmlichenin  is  left  to 
evaporate  in  the  air.  Its  formation  seems  to  show  tlmt  picrolicheuin  is  a source  of 
orcin.  and  probably  identical  with  one  of  the  colouring  acids  of  the  lichens  (lt*canoric 
acid,  &c.). 

VZCStOlLXTZI.  A fibrous  dark -green  variety  of  serpentine,  somewhat  resembling 
asbestos;  found  in  Sih^ia,  and  at  Phiiipstadt  in  WermeLind,  Swe<len. 

PZCXOBCXRZTS.  Polaasio-magnesic  sulphate,  K*Mg'’(SO*)^6H’0,  ctystallif'cd 
from  the  solutions  of  saline  crusts,  from  the  fumoroles  of  Vesuvian  lavas  of  the 
eruption  of  1866.  (Scacchi.) 

>Z0»0>HA»MAC0XtXT».  See  Pharmacoitte  (p.  .387). 

PZCZZOFSm«X«  (from  KiKp6t,  bitter,  and  a leaf).  A massive  foliated, 

fibrous,  magnesio-ferrons  silicate,  from  .Sala  in  Swt*4len.  It  hjis  a deep  grt  t nish-grey 
colour;  hanlness  = 2*5;  specific  grivity  =*  2'76.  Before  the  bluwpij>e  it  turns 
blaek  and  then  white,  without  melting;  when  moistened  with  cobalt-solution  and 
ignited,  it  turns  pale  red.  Contains  49*80  per  cent,  silica,  30  10  magnesia,  6*86  ferrous 
oxide,  with  trace  of  manganous  oxide,  0*78  lime,  1*11  alumina,  and  9*83  water 
( • 98*48),  whence  the  formula  3(SMg\*Fe'')Si0*.2H*0.  It  is  perhaps  an  altered 
augite.  (Svanberg,  Ann.  1.  662.) 

PZCXtOBMtXSrzs  (from  irtirp^T,  and  odour).  A hydrated  silicate  of  magnesium, 
occurring,  with  magnetic  ir»»n  ore,  near  Presnitz,  in  Boliemia.  in  trimetric  crystals,  ex- 
hibiting the  combination  »P  . oePao  . ocl’oo  . f’oo . Angle  ceP  ; ooP  126®  62  ; 
ooPoo  : oDp  - 153-  26';  <xPjc  : Px  - 121®  6' ; Px  : Px  (over  »Px)«62®ir; 
adjacent  *»  117®  49^.  Cleavage  parallel  to  »Px  perfect;  parallel  to  xPx,  less  so; 
traces  parallel  to  Px.  It  occurs  also  fine-columnar  ami  granular.  Hardn*‘ss  ■= 

2 5 — 3.  Specific  gravity  *=  2*69 — 2*68.  Lustre  on  cleavage-fuce  pearly  ; els4'whcrc 
vitr<Hms.  Colour  gr<*eni8h-while,  also  (birk  gr«*en  and  grey.  Streak  white.  Subtraus- 
luceut  to  jjpaque.  Eiuits  a bitter  argillaceous  odour  when  moisteiuHl.  When  heated  it 
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off  water  containing  ammonia;  behayes  before  the  blowpipe  like  picrophyll. 
('oiitaina  64  89  per  cent,  silica,  34*35  magnesia,  0*79  alumina,  1*40  ferric  oxide,  0*42 
niHiigaiious  oxide,  and  7*30  water  (—  99  15),  whence  the  formula  ‘iilg^SiO^.H^O,  the 
inagncflium  bt*ing  partly  replaced  by  iron.  (Magnus,  Pogg.  Ann.  vi.  53.) 

FZCKOTBOMSOKXTfi.  A white  radiate  mineral,  from  the  gubbro  of  Tuscany, 
containing,  according  to  Bechi  (SUL  Am.  J.  [2]  xiv.  63),  40*35  per  cent,  silica,  31*26 
alumina,  10  99  lime,  6*26  magnesia,  0*28  alkalL  and  lU  79  water.  It  U probably  a 
thomsonitc  having  the  soda  replactxl  by  magnesia.  (See  Tuojcsonitr.) 

PZCnKOTOauco  ACZO.  The  niune  given  by  Pelletier  and  Oouerbe  to  picrotoxin, 
becanyo  it  unites  with  metallic  oxides. 


FZCBOTOSLZlf.  (Boullay,  Ann.  Chim.  txt.  209. — Casaseca, 

Ann.  Ch.  Phya  [2]  xxx.  307. — C.  Oppermann,  Mag.  Pbarm.  xxxv.  233. — Pelletier 
and  Coucrbe,  Ann.  Ch.  Phys.  [2]  lir.  181.— Liebig,  Ann.  Ch.  Pharm.  x.  203. — 
Kegnault,  Ann.  Ch.  Phys.  (2]  Ixviii.  160. — L.  Barth,  J.  pr.  Chem.  xci.  155;  Bull, 
Soc.  Chim.  1864,  ii.  388.) — The  poisonous  principle  of  the  seeds  of  Cocculus  indicus 
{Xrvi/tptrrHum  CoccuIua).  To  prepart*  it,  the  pulveri>*ed  seed  is  twice  exhausted  with 
boiling  alcohol ; the  alcohol  dihtilhd  off ; the  residual  fat  boiled  out  with  a large  quantity 
of  water ; and  the  brown  aqueous  extract  mixed  with  a small  Quantity  of  neutril  lead- 
acetate  to  remove  colouring  matter.  The  filtrate,  freed  from  load  by  sulphvdric  acid, 
is  then  evaporated,  and  the  picrotoxin  which  separatee  is  repeatedly  crystallised  from 
water  till  it  becomes  colourless.*  (Barth.) 

Picrotoxin  usut^lly  crystallises  from  pure  solntions  in  stellate  groups  of  Deedh>s ; 
from  coloured  liquids  in  intcrlfM*ed  spongy  threads,  which  after  a while  change  into 
more  solid  needles,  more  rarely  into  lamintc  (probably  containing  water  of  crystallisa- 
tion). It  is  permanent  in  the  air,  inodorous,  has  an  intensely  bitter  taste,  and  is 
neutral  to  vegetable  colours.  It  decomposes  w’ithout  fusion  when  strongly  boated.  It 
dissolves  in  150  pts.  of  cold,  and  25  pts.  of  lx>iling  water ; in  3 pfs.  of  tailing  alcohol 
of  specific  gravity  0*800;  also  in  ether  an'l  in  warm  fixed  oils.  Its  alcoholic  solution 
turns  the  plane  of  polarisation  to  the  left  ; [a]  = —28^  (Bouchardat  and  Boudet); 
= —38®  (Pfaundler)  for  a column  1 metre  in  length.  It  is  very  poisonous,  pro- 
ducing vertigo,  convulsions,  and  death. 


Carbon 

Hydrogen 

Oxygen 


Analysct  of  Picrotosin. 
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«D<I  CoMorbe.  Oppermann. 
6091  61*43  61*53 

600  6*11  6*22 


Regnaiilr. 

60*21  60*47  6618 

6*83  5-70  6*88 

3364 


100*00 


Oppermann,  whoso  analyses  diff**r  coiisiilerably  from  all  the  rest,  proposed  the 
fomiula  C’lPO^  requiring  61  2 carl»on  and  6*1  hydrogen;  but  all  the  other  ana!ys4»s 
agny  very  nearly  with  tlie  formula  C**H**0*  Bartli's  analyses  also  give  60*2  per  ci  nt. 
us  tho  maximum  percentage  of  carlH)n. 

Picrotoxin  unites  with  alkalis,  hary'ta,  lime,  and  oxide  of  lead,  forming  uncrystallis- 
ablc  compounds  which  are  difficult  to  purify.  On  lx>iliug  it  for  some  hours  with  dilute 
sulphuric  acid,  saturating  with  carfumate  of  barium^  and  evapomtiug  the  filtrate,  there 
r«*maiDs  a syrup  which  aissolves  in  alcohol  and  dries  up  to  a gummy  mass  having  the 
composition  C*'H**Ba''0‘*  or  C**IP‘Ba  '0'*.6H*0.  By  boiling  for  30  hours  with  dilute 
sulphuric  acid  and  procee<ling  as  above,  a barium-compound  is  formed  containing 
C**H”Ba"0‘*  or  (^‘II^Ba-O'*  4H'^0.  The  organic  substance  separated  from  this  com- 
pound dissolves  ea.sily  in  water  and  alcohol,  and  dries  up  to  a light  yellow  gummy  mass, 
whicli  when  drietl  at  130-^,  has  the  composition  C-*H”0**  or  C*’H'*0*  = C‘*H‘*OMT^O. 

Picrotoxin  in  many  of  its  reactions  exhibits  the  charactersof  a saccharine  substance. 
It  reduces  euprie  oxidr  from  alkaline  solutions,  and  when  boiled  with  dilate  acids, 
takes  up  water,  forming  a substance  which  also  reduces  cupric  oxide.  The  reducing 
power  of  picrotoxin  is,  however,  about  five  times  less  than  that  of  glucose.  With 
mtric  acid,  it  yields  oxalic  acid,  and  when  distilled  with  noda-Umc,  it  gives  off  a small 
quantity  of  liquid  having  the  odour  of  metacetone. 

Picrotoxin  dissolves  in  strong  forming  n saffWin-coloured  solution. 

With  sulphuric  acid  and  potassic  dichrumtUe  it  assum(*8  a red-brown,  and  on  beating 
a dark  brown  colour.  (Schmidt.) 

Bromopicrotoxin,  C‘*H'*BrO*,  is  formed,  with  evolution  of  hydrobromic  acid,  by 


* During  the  recrrilalltMtion  of  picrotoxin.  there  »eparste«  a annall  qtiantitjr  of  another  >uH«ianrn 
(perhapt  Ronllar'a  meoUpermic  add.  Hi.  S79).  ftpaMnslr  noluhle  in  water,  alcohol,  and  eOier.  but  cMnljr 
aoluhle  In  dilute  »odic  c:irbonate,  and  acparatrd  therefrom  bv  add*  In  inicrofcopic  needle**  Ita  anairtia 
lead*  to  the  formula 
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tho  artion  of  )>rominc  on  picrotnxin.  It  grparatcs  slowly  from  alcoholic  solntlon  in  soft 
cr^'srHlIine  but  on  adiiing  water  to  tbo  solution,  it  is  ubtaiued  ua  an  amorphous 

tiocculent  precipitate,  which  dries  up  to  a strongly  electric  powder. 

yUropicrotoxin,  C‘*U**(NO*jO‘,  is  formed  by  dissolving  picrotoxin  in  a mixture 
of  strong  nitric  and  sulphuric  acid,  and  is  precipitatotl  by  water  a»  a fli>ooulent  ina'S 
wliich  crj’fitallises  from  dilute  alcohol  in  small  needles.  It  is  not  cxplo«ive,  but  de- 
compises  when  heated  to  100^,  or  when  the  solution  is  boiled. 

Dktk<tion  of  Picrotoxlv. — The  intensely  bitter  taste  of  picrotoxin  has  led  to  the 
u.«e  of  cocculus  grains  u.s  a substitute  for  hofw  in  beer ; and  as  it  is  a very  poisonous  suV^ 
stance,  its  detection  in  l)cer  and  other  organic  liquids  l>econie8  a matter  of  importance. 
For  this  purj»ose,  T.  J.  H era  pat  h absorbs  the  picrotoxin  by  means  of  animal  charcoal, 
then  dissolv<*s  it  out  by  alcohol,  and  leaves  it  to  crystallise  from  the  alcoholic  solutioa 
(»MH‘  Beer.  i.  637).  According  to  W.  Schmidt,  however  (J.  pr.  Chem.  Ixxxvii.  344  ; 
Juhresb.  1862,  p.  629),  this  meth<xl  cannot  l>e  depended  upon  for  the  deteiJtion  of  small 
quantities  of  picrotoxin,  on  acenuntof  the  very  slight  absorbability  of  that  subefanoe  by 
clmrwial ; the  chanx»al  indeed  appears  to  be  useful  rather  for  removing  the  colouring 
matter,  rvsin,  and  extractive  matter  of  the  liquid,  than  for  taking  up  the  picrotoxin.  The 
pojci'ss  recommendwl  by  Schmidt  for  the  detection  of  pientoxin  in  wateiy  liquids 
sucli  as  b«‘er,  is  as  follows;  The  liquid  is  evnp>rsitid  over  the  waler*1mfli  to  a syrup; 
the  residue  is  dissolved  in  a sutheient  quantity  of  water  to  form  a mobile  liquid ; ihiii 
aoiutiou  is  iigitated  with  6 or  6 gnus,  of  animal  charcoal,  and  filtered  after  several 
hours ; and  the  filtrate  U completely  precijiitnted  w ith  basic  acetate  of  lead.  The 
wiue-yellow  liquid  separated  from  the  precipitate  is  then  rej>eatedly  shaken  up  with 
6 to  10  per  cent,  of  amylic  alcohol,  and  tiie  oily  layer,  which  contains  the  greater  part 
of  the  picrotoxin,  is  decautod  aft<*r  standing  for  24  hours.  The  jxirtion  of  picrotoxin 
still  remaining  in  the  watery  liquid  may  be  separated  by  a rejMqiiinn  of  this  trt*atmeui. 
The  united  extracts  are  then  left  to  evaporate  in  a moderately  warm  place;  the 
yellowish  residue  is  dUsolveil  in  weak  spirit;  the  liquid  evaporated  to  dryness ; tlie 
reshlue  boiled  with  water  mixed  with  a small  quantity  of  sulphuric  acid  ; and  tlie 
liquid  is  decolorised  with  animal  charcoal,  filtered,  and  erapomnd  till  it  acquires  a 
distinctly  bitter  taste.  It  is  then  repeatedly  shaken  with  ether,  and  the  ethen*al 
extract,  after  addition  of  a little  alcohol,  is  left  to  evaporate.  By  repeatedly  dis‘»olv- 
ing  the  residue  in  weak  spirit,  and  leaving  the  solution  to  evaporate,  the  picrotoxin  rosy 
b«- obtained  in  tufts  of  fine  silky  crystals.  The  charcoal  usid  for  decoloration  and 
the  lead  pr«H*ipitiites  retain  traces  of  picrotoxin,  wliich  maybe  dis.solv«d  out  by  h«>t 
alcohol.  When  picrotoxin  is  to  he  searched  for  in  an  alcoholic  liquid,  it  is  sufficient 
to  evajicrate,  exhaust  the  residue  with  Itoiling  w'ater,  di*colorise  the  liquid  with 
animal  char<x>al,  coin?entiMte  the  solution,  and  treat  it  with  ether,  &c.,  as  above. 
J.  W.  Langley  (Sill.  Am.  J.  [2J  xxxiv.  lo9)  acidulates  the  suspeted  liquid,  and 
Hgit-ates  it  with  ether  which  takes  up  the  picrotoxin,  which  may  then  be  crystallised 
by  eviiporiition  on  a wstch-glass.  According  to  Schmidt,  on  the  other  hand,  picrotoxin 
doe**  not  crystnllise  from  ether  or  from  amylic  alcohol. 

Tile  picrotoxin  having  been  separated  as  aliove,  is  ea*«ily  recognised  by  the  great 
facility  with  which  it  crj>tal Uses  from  alcohol,  and  the  peuliar  characters  of  the  cry’^tal* 
(i.  637);  also  by  its  strong  bitter  taste,  its  reaction  with  sulphuric  acid  and  plassic 
chromate,  and  its  pwer  of  reducing  cupric  oxide  in  alkaline  solulion. 

PXC&TXi  or  Cripin,  A sulxatance  formed,  togelhci{w)th  others,  b}*  submitting  to  dry 
distillation  the  crude  pr»xiuct  of  the  action  of  sulphydnife  of  ammonium  on  bitter- 
almond  oil.  On  treating  the  dierillate  with  ether,  picryl  dissolves  together  with 
stilbene,  and  separates  after  tho  latter,  in  colourless,  inodorous,  monocliiiic  octahwlrou'*. 
insoluble  in  water,  very  aolnble  in  ether,  much  less  soluble  in  ai(\>liol.  It  is  attack**d 
by  clilorine,  bromine,  and  nitric  acid,  yielding  peuliar  pnalucts.  (Laurent.) 

The  name  picryl  is  also  usi*d  as  synonymou*' with  trinitrophonyl,  C’H" 
the  nulicle  of  picric  acid,  &c.  Ckluridr  of  Picryl  C*H*(Nn*)*Cl  is  obtaine<l  by  the 
action  of  pntachloride  of  phosphorus  on  picric  ucitl  (p.  403).  It  is  a yellow  solid 
having  an  agreeable  odour,  soluble  in  alcohol  and  ether,  not  volatile  without  decom- 
position. Water  decomposes  it,  yielding  hydrochloric  and  picric  acids  ; ammonia  cou- 
verts  it  into  picramide. 

FXCTXTB*  Syn.  with  Sphenf.. 

rzOOZlfOTOWZTB.  A mineral  constituting  the  principl  part  of  a meteorite 
which  fell  on  November  3t»,  lH5tl.  near  Shalka  In  Baiig«»orah  (Hast  Indies),  and  wnS 
tip-t  described  by  Fiddinirfon  (.louni.  of  the  Asiatic  of  Bengal.  1H62.  xx.  299b 
The  minend  eonsista,  H<*coixiing  to  Haidinger(Wipn.  Akad.  H«t.  xli.261  ; .Inbresb.  I860, 
p.  HtH),  of  «lark  H-sh-gny,  eoarae-gTained  priicles  of  rhombic  or  niouindinic  structure, 
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Aggregated  into  spherical  mas*M*8  sert  ral  inohoa  in  diameter,  which  are  enclosed  in  a 
somewhat  lighter,  pumice-like  mineral  having  a more  fine-grained  structure.  The  dark 
grey  crystalline  particles  (piddingt^mite)  are  composed  of  67*66  per  cent,  silica,  20'65 
ferrous  oxide,  1'63  lime,  1*2  00  magnesia,  with  trace  of  alumina  (■»  98*84),  The 
ash-grey  ma.ss  encloses  also  small  black  granules  of  chrome-iron.  The  crust  of  the 
met«*orite  is  very  thin,  of  bluckiab-browu  colour,  with  very  little  lustre. 

1PZOOTZTS.  An  incrustation  occurring  on  thegranite  clifl&  of  Cornwall, consisting 
of  alumina  combined  with  an  organic  substance  called  mudesous  acid  (iii.  1060). 

PZB&ZTS.  A doubtful  mineral  species  between  talc  and  mica,  found  at  Fahlun  in 
Sweden. 

VZMAKZO  ACZ1>.  C*H"0*  (Laurent,  Ann.  Ch.  Phys.  [2]  Ixxii.  384;  [3] 
xxii.  469. — Sie  V ert,  Zeitschrift  fur  diegesammten  Naturwiiisenschaften,  xiv.  311.)— An 
acid  H'sin  occurring  in  the  turpentine  of  PinuA  maritima,  which  hardens  on  exposure 
to  the  air,  forming  the  sulwtance  called  galipot;  also  in  the  colophony  of  liordeaux 
(i.  1087),  To  prepmv  it,  the  galipot  of  commerce,  after  being  fn^ed  from  admixed  tur- 
pentine, is  pulveri'*ed  and  stirred  up  M’ith  a mixture  of  1 pt.  ether  and  6 pts.  alcohol, 
which  is  poured  ofiT  after  u short  time.  The  uudissolved  portion  treated  twice  more 
in  the  same  way,  and  then  dissolved  in  boiling  alcohol,  yields,  after  several  days* 
standing,  crystalline  crusts,  which  must  be  promptly  tak«*o  out  and  purified  by  recr^s- 
tallisation  from  boiling  alcohol  (Laurent).  It  may  also  be  obtained  by  washing 
Bordeaux  colophony  with  cold  alcohol,  dissolving  the  residue  in  boiling  alcobuJ,  and 
leaving  the  solution  to  cr^'stalUse. 

Pimaric  acid  forms  wliite,  warty,  cirstaUine  cnisU,  consisting  of  micnwcopic  rectan- 
gular or  sometimes  six-sidt^d  prisms  (Laurent) ; fine  thin  lamins,  the  primary  form 
of  which  is  a quadratic  prism  often  truncated  on  the  edges,  or  acuminated  (Si  ever  t). 
It  melts  at  about  126^,  and  solidifies  only  at  68^,  to  a limpid,  sometimes  crystallogra- 
milar  mass ; the  acid  dried  in  a vacuum  loses  under  these  circumstances  0*4  per  cent, 
water  (Laurent).  It  sinters  together  between  120®  and  ISS'®,  and  melts  completely 
at  168®  to  a clear  liquid  from  which  the  unaltered  acid  sublimes  at  120®.  In  a capil- 
lary lube,  both  the  crystallist'd  aud  the  already  fused  acid  melt  at  163®  (Sievert). 
ypt<ifie  gravity  — 1*1047  at  18®.  It  is  Uevorotatoiy,  but  in  a lews  degree  than  sylvic 
acid.  It  gives  by  analysis  7818  per  cent,  carbon  and  9*74  hydrogen  (Laurent); 
79  02  carbon  and  9*87  hydrogen  (SievertX  the  formula  C*®11**U*  n^uiring  79  47 
carbon,  9*94  hydrogen  and  10*69  oxygen.  According  to  these  results  pimaric  acid  is 
isomeric  with  sylvic,  and  probably  also  with  abietic  acid. 

Pimaric  acid  is  insoluble  in  triUrr^  but  dissolves  in  10  pts.  alcohol  at  18®  and  in  its 
own  weight  of  boiling  alcohol  (Laurent);  in  13  pta  alcohol  of  92  per  cent.,  in  2 pts. 
at  the  boiling  heat  (Sievert).  Fused  pimaric  acid  dissolvt*«  quickly  when  triturated 
with  an  equal  weight  of  cold  alcohol,  but  the  solution  solidifies  almost  immediately 
fix»in  separation  of  crystals. 

Anu>rph*>u*  Pimaric  Acid. — Crystallised  pimaric  acid  becomes  amorphous  by  keeping. 
It  thou  dissolves  in  its  own  weight  of  alcohol,  the  solution  not  solidifying  in  the  crys- 
talline fonn,  but  dejK^siting,  when  mixed  with  water,  a soft  miix.s  having  the  same 
compo-Hition  as  crystallised  pimaric  acid.  Pimaric  acid  in  the  fuwd  state  or  dissolved 
in  alcohol  does  not  uiideigo  this  transformation  (Laurent).  Laurent  subsequently 
n-gardetl  amor]>hous  pimaric  acid  as  identical  with  pinic  acid. 

The  pimarates  of  the  nlkaH^mrUih  are  soluble.  The  alcoholic  solution  of  the  acid 
does  not  precipitate  the  alcoholic  solutions  of  the  chlorides  of  Mrontiumy  calcium  and 
vuiffufinum,  except  on  adtlition  of  ammonia,  which  pro<luces  a copious  precipitate  in 
the  calcic  solution,  Ions  abundant  in  the  others.  Tlie  alcoholic  acid  mixed  at  the  boiling 
heal  with  the  alcoholic  stjlutions  of  plumhie,  cupric^  or  argentic  acetate  forms  amoqihous 
pivcipitatos  after  some  time.  The  Itad-Aidt  dried  in  a vacuum  contains  26*5  per  cent, 
b ad-oxide,  agreeing  approximately  with  the  formula  C**H**'Pb''0^,  which  requires  27*65 
pt'r  cent 

Pimaric  acid  distilled  in  a vacuum  in  quantitie«  not  exceeding  10  grms.  yields  first 
traces  of  wat4T,  then  pyromaric  acid  solidifying  for  tlie  most  part  in  the  neck 
of  the  retort,  and  ultimately  leaves  only  a trace  of  charcoal.  Larger  quantii<«  of  the 
acid  distilled  in  vessels  containing  air  yield  chiefly  pi  mar  one.  Pimaric  acid  gradually 
added  to  strong  sulphuric  acid  forms  a brown-red  solution,  which  if  poured  into  water 
afters  24  hours  deposits  roddish-gn-y  flocks. 

By  boiling  with  nitric  acid,  pimaric  acid  is  gradually  converted  into  nitromaric  or 
uzo  marie  acid,  C**H^^NO*)*U\  which  collects  on  the  surface  of  the  liquid  as  a yellow 
friable  resinons  mass  which  may  he  purifie<l  by  repented  l>oiling  with  water,  or  by  solu- 
tion in  acid  and  precipitation  with  water.  This  acid  decompos^-s  when  melted,  leaving 
a bulky  charcoal,  but  does  not  glow  or  deflagrate  even  when  quickly  heated.  It  bums 
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like  a reein,  and  yields  by  dry  distillation  a very  small  quantity  of  oil.  It  is  insoluble 
in  water,  soluble  in  oil  of  vitriol,  alcohol  and  ether;  the  alcoholic  solution  mJdens 
litmus.  It  forms  reddish-yellow  salts,  those  of  the  alkali~mrtaU  being  soluble,  the 
barium^falt  insoluble.  The  alcoholic  solution  of  the  acid  forms  yellowish  precipitates 
with  rmttral  acHaU  of  trad  and  nitrate  of  hIvot. 

PZMAftOins.  — When  a considerable  quantity  of  pimaric  acid  is  dis- 

tilled in  a vessel  containing  air,  and  the  viscid  distillate,  consisting  of  piman'ne 
mixed  with  pyroroaric  acid,  is  saponified  with  potash,  the  pimarone  is  taken  up  into 
the  soap  formed  by  the  pyromaric  acid ; and  on  agitating  the  pulverised  soap  with 
ether,  the  pimarone  dissolves,  together  with  a small  quantity  of  potasHium-salts,  which 
may  be  removed  by  water.  The  residual  pimarone,  after  being  w^ished  with  dilute 
potash-ley  and  with  water,  and  dried  in  a vacuum,  is  yellowish,  has  the  consistence  of 
a fixed  oil,  and  dissolves  in  alcohol  and  ether.  It  hardens  almost  completely  on  expo- 
sure to  the  air. 

PIBI1!I.ZC  AOXS.  C’II'=0‘  = I 0>.  (Laurent,  Ann.  Ch-Phjs.  [2] 

Ixvi.  163. — Bromeis,  Ann.  Ch.  Phann.  xxxv.  104. — Gerhardt,  R<*v,  scient,  lix.  12. 
— 8acC(  Ann.  Oh.  Pliarm.  li.  221. — Arppe,  ibid.  cxv.  143;  exxiv.  98. — Gm.xii.  463.) 
This  acid  was  discovered  by  Laurent  in  the  raotln-r-liquors  resulting  from  the  action  of 
nitric  acid  on  oleic  acid,  and  is  likewise  product*d  by  the  action  of  nitric  acid  on  wax, 
spermacetic  and  other  fatty  bo.lics.  Sacc  obtained  it  by  the  action  of  nitric  acid  on 
linseed  oil 

Laurent  prepares  it  by  boiling  200  or  300  ^rms.  of  oleic  acid  for  twelve  hours  with  an 
equal  weight  of  nitric  acid,  cobobating  the  distillate  from  time  to  time.  The  nitric  acid 
is  then  decanted,  the  undissolved  portion  again  treated  with  a quantity  of  nitric  acid 
equal  to  the  former,  and  the  ebullition  Continued  for  another  twelve  hours.  This 
operation  is  repeated  six  or  seven  times  till  only  alx)ut  a fifth  of  the  oleic  acid  remains 
undissolvcd.  The  decanted  portions  of  nitric  acid  are  then  united  and  evaporated 
dowTi  to  one-fourth.  The  residue  left  to  itself  for  twelve  hours  depo«<il8  granules  of 
suberic  acid,  which  are  to  be  pressed,  moistened  with  cold  water,  again  submitted 
to  pressure,  and  the  expressed  liquids  evaporated,  the  vcs.sel  being  cooled  from  time  to 
time,  and  the  suberic  acid  which  separates  removed.  This  acid  may  be  recognised  by 
forming  granules  which  arc  soft  after  bein^  pressed  with  a glass  rod.  Gradually; 
however,  pimelic  ac»d  bt^ns  to  separate  m hard  sandy  grains,  mixed  at  first  with 
suberic  acid,  which  is  ea.sily  ri'moved  by  levigation  with  water.  By  a new  evaporation 
more  pimelic  acid  is  obtained,  but  it  crystallises  very  slowly,  the  aep>08ition  not  being 
complete  for  several  days.  The  evaporation  must  not  be  pushed  too  far,  because  the 
mother-liquor  contains  other  acids  of  still  greater  solubility.  The  pimelic  acid  may 
be  freed  from  adhering  suberic  acid  by  means  of  alcohol,  which  easily  dissolves  the 
latter,  and  finally  purified  by  crystallisation  from  boiling  water. 

Pimelic  acid  mrms  grains  of  about  the  size  of  pins’  heads,  appearing  under  a magni- 
fying  glass  as  groups  of  crystals,  the  form  of  which  cannot  la?  made  out.  It  is  inodo- 
rous, but  has  an  acid  taste.  It  melts  at  about  1 14®  (Lauren t) ; at  134®  (Bromei s); 
distils  at  a hi^h  temperature.  1 pt.  of  the  acid  dissolves  in  35  pts.  water  at  18® ; it  is 
very  soluble  in  boiling  water,  also  in  warm  alcohol  and  ether;  it  dissolves  also  in 
hot  strong  tidphuric  acid.  When  heated  with  hydrate  of  poUugium  it  gives  off  hydro- 
gen without  blackening.  The  residue  contains  oxalic  acid,  and  when  treated  with 
mineral  acids  gives  off  a volatile  acid  resembling  valerianic  acid  (Gorhardt) : 

C^H'*0*  + 2IPO  = C*n^O*  + C'H'-O*  + 2H^ 

Pimelic  acid  is  dibasic,  but  only  the  neutral  salts,  and  C'H*3TO*,  are 

known.^The  amnonium-ialt  gives  off  ammonia  when  boiled,  and  gradually  on  expo- 
sure. The  acid  neutralised  with  ammonia  does  not  precipitate  the  salts  of  barium, 
strontium,  calcium,  magnesium,  manganese  or  zinc.  With  lead^iatts  it  forms  a white 
precipitate,  apparently  insoluble  in  water  and  in  alcohol;  with  f-rric  saltf,  a light-rod 
pnH’ipitate;  with  mercuric  chloride^  a white  precipitate. — The  copper^fatt,  C*H'*Cu"0*, 
IS  a blue  precipitate,  insoluble  in  water  and  in  alcohoL — The  sUversalt,  C^H*Ag*0*,  is 
likewise  obtained  by  precipitation. 

FmiBX.XC  STRBKS.  Pimeiate  of  methyl,  is  prepared  like  the 

ethyl-eompjuml  and  decomposes  in  like  manner  when  boiled. 

Pimelate  of  Ethyl,  C"II**0*  is  obtained  by  the  repeated  action 

of  hydrochloric  acid  on  an  alcoholic  solution  of  pimelic  acid.  The  portion  which  ia 
volatile  below  100®  is  distilled  off,  the  n^sidue  neutralised  with  carbonate  of  sodium, 
and  the  dark  red  oil  thereby  separatJKl,  which  increase®  in  quantity  on  ftirliier 
aildition  of  water,  is  dchydrat^  with  chloride  of  calcium.  The  liquid  thus  obtained 
has  a fruity  odour,  and  gives  by  analysis  6144  per  cent,  C aud  9'76  II  (calc.  Gl  U C 
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and  8*25  U).  It  begins  to  boil  at  185'^,  but  the  l>oiling  point  gradually  rises,  charco:it 
sepumttM,  and  a liquid  paaaee  over  which  offWn'escee  with  carbonate  of  sodium,  and 
np^H'Mra  to  be  ethyi-pirndic  acid,  C^H“(C*H*;0^  It  gave  by  analysis  57 ‘03  per  cent. 
C and  910  H (^c.  57*44  per  cent  C and  8'50  H).  (Marsh,  Ann.  Ch.  Pharm.  civ. 
125.) 

of  Amyly  C”H"0* «»  — Prepared  like  the  preceding  com- 

pound. Dark-red,  somewhat  oily  liquid  having  a penetratioj^  but  not  unpleasant  odour, 
iloils  between  170®  and  200®.  Insoluble  in  water,  soluble  in  alcohol  and  ether  (anaL 
67*64  C and  10  99H;  calc.  68*00  C and  10*67  H).  (Marsh,  foe.  cit.) 

PZIttEXiXTll.  A name  applied  to  several  green  niekeliferous  silicates : — a.  Oreen 
chrysopraM)  earth,  accompanying  chrysopmse  in  Silesia  (Klaproth,  Bfiiroffe,  ii.  134). 
— 5.  Glocker’s  Aiizite,  a moiisive  green  mineral  from  Silesia,  meagre  to  the  touch,  of 
specihe  gravity  1*458.  Gives  off  water  when  heated;  is  infusible  before  the  blowpipt*; 
yields  nu-tallic  nickel  by  reduction  with  sodic  car^uute  (C.  Sciimidt,  Pogg,  Ann. 
Ui.  388). — c.  A similar  mineral,  but greiwy  to  the  toucli,  and  of  spei*i6c  gravity  2*71  — 
2*76.  Behaves  l»efore  the  blowpipe  like  talc,  and  gives  the  reactions  of  nickel.  De- 
composed by  acids  both  before  and  alter  ignition  (Baer,  J.  pr.  Chem.  Ir.  49) : 


SIO> 

Al*0> 

F.-3CP 

Fe"0 

Ni-'O 

M*"0 

C»"0 

H’O 

a. 

3500 

5 00 

4-58 

15  63 

1-25 

042 

38-12 

-»  100 

b. 

54-63 

0*30 

1 1*3 

32-66 

5-89 

0 16 

5-23 

= 100 

c. 

35-80 

23*04 

2-69 

2-78 

14-66 

. . 

21-03 

- 100 

The  6rst  of  these  minerals,  if  the  iron  be  supposed  to  exi.*'t  as  ferrous  oxide  and  the 
alumina  be  reckoned  with  the  acid,  may  perhaps  be  represented  by  the  formula 

(Ni"0  ; Fe"0  ; Mg"0).2Si0*.7HK).  The  second  has  the  composition  | j **3SiO*. 

IPO.  The  third  may  be  represented  by  the  formula  3[(Mg"0  ; Ni"0)^i0*].2(2R*0*. 
3Si0*).l8H*0.  This  mineral  contains  organic  remains,  containing  0*44  per  cent, 
carbon  (according  to  Bayer).  It  loses  8*8  per  cent,  water  at  1 10®,  and  21*37  per  cent,  at 
a red  boat. 

PZBCSirTO»  on  of.  a volatile  oil  obtained  from  tho  fruit  of  Af^r^u#  Pinienta^ 
the  pods  of  which  yield  10  per  cent,  and  the  seeds  5 ]>er  cent,  oil  (Bonastre,  J. 
Pharm.  xi.  187).  The  crude  oil  is  viscous,  has  a pale  yellow  or  light  brown  colour, 
and  strong  refracting  power;  specifle  gravity  » 1*03  at  8'^.  It  rt'sembles  oil  of  cloves 
in  taste  and  smell,  and  reacts  like  that  oil  with  sulphuric  aeid^  nitric  acid,  and  iodine  ; 
dissolvue  completely  in  alcohol  and  tthr. 

By  treatment  with  strong  potashdiy,  it  is  resolved  into  eugenic  acid,  C'*H'*0* 
(ii.  604),  and  a hydrocarbon  polymeric  with  oil  of  turpentine,  probably  C'*H**.  This 
hydrocarbon  is  a colourless  mther  viscid  oil,  smelling  somewhat  like  oil  of  turpentine, 
and  exhibiting  feeble  l.Tivo-rutatory  power.  Hpeci6c  gravity  0 98  at  18®.  Boiling-point 
2*55.  (C.  Oeser,  Ann.  Ch.  Pham,  cxxxi.  277  ; Bull.  Soc.  Chim.  1865,  i.  434.) 

PZMPZVSXliAf  OZXi  OF.  The  volatile  oil  obtained  by  distilling  the  root  of 
PimpitoUa  sarifraya  with  water,  has  a golden-yellow  colour,  a viscid  consistence,  a 
bitter,  irritating  taste,  and  is  resiuised  by  strong  acids.  The  oil  obtained  in  like 
manner  from  Pimpintlla  nigra,  a variety  of  P.  foxifrnya^  is  light-Mue  and  viscid  (Bley, 
Trommsdorff,  N.  J.  xii.  [2*]  29).  Oil  of  anise  (i.  297)  is  obtained  from  Pimpincila 
unisum, 

PZXrACOXtZK’.  C*H'*0.  (Fittig,  Ann.  Ch.  Pharm.  cxiv.  54.)— An  oily  body  pro- 
duced by  the  dehydration  of  pinaoone,  either  by  distilling  the  crystalliMKl  hydrate  of 
pinacone  with  sulphuric  or  hydrochloric  acid,  or  by  subiecting  fused  pinacone  to  tho 
actiuD  of  dry  cbloriue  gas.  It  is  colourless,  has  an  odour  of  peppermint,  a specific 
gravity  of  0*7999  at  16®,  and  boils  at  105®.  It  is  insoluble  in  waU  r,  but  mixes  in  all 
prujxjrtioDs  with  alcohol  and  ether.  It  does  not  unite  with  acid  sulphites  of  alkali- 
metal.  With  strung  nitric  arid  it  yields  red-brown  oily  nitro-oompounda.  When 
snbjjvUfd  to  the  action  of  dry  chlorine  in  diffused  daylight,  it  is  converted  into 
dichloropinacolin,  C*H'*C1’0,  which  is  a heavy  viscid  od,  solidifving  after  a while 
in  cUourless,  needle-shaped  crystals.  It  acts  on  the  nose  and  eyes  like  Jichlonicetono 
(L  30),  melts  at  61®,  boils  at  178®,  is  nearly  insoluble  in  cold  water,  and  sparingly 
soltibic  in  hot  water,  from  which  however  it  crystallises.  Its  solution  in  ether  or  in 
absolute  alcohol  is  precipitated  by  water. 

FZIO'ACOWS.  C*H’*0*.  (Fittig,  Ann.  Ch.  Pharm.  cx.  23  ; Jnhresb.  1869,  p.  342. 
— Btadelor,  Ann.  Ch.  Pharm.  cxi.  277;  Jahresb.  1859,  p.  346.— Friedel,  Ann.  Ch. 
Pharm.  exxiv.  3*24  ; Jalm‘sb.  18C2,  p.  401. — Irinnemaun,  Ann.  Ch.  Pharm.  SuppL 
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iii.  374)  — This  borly,  isomeric  with  hexylcne-glycol,  (C*11‘*)''1P0*,  is  produced  by  the 
action  of  sodium,  or  better  of  sodium-amalgam,  on  aqueous  acetone : 

2C'II«0  + H*  = C‘H'*0* 

On  distilling  the  resultin'?  alkaline  liquid,  which  also  contains  isotritylic  alcohol,  hydrate 
of  pinacone.  is  found  in  the  last  portion  of  the  distillate,  and  crystaili**** 

on  cooling  the  liquid  to  a low  temperature.  This  hydrate  is  resolved  by  further  dis- 
tillation into  water  and  pinat'one,  which  are  easily  separuteil  by  factional  distillation, 
and  from  the  first  fraction,  passing  over  between  170^  and  ISO"^,  the  pinacone  may  be 
obtained  pure  by  repeated  slow  distillation.  (Linnemann.) 

Pinacone  exists  in  two  modifications,  one  liquid, the  other  wjlid.  Liquid  pinacone 
is  a colourless  syrup  which  hits  a specific  gravity  of  0 96  at  16®,  does  not  solidify  at 
0®,  boils  at  176® — 177®  under  a pressure  of  0*738  met. ; is  soluble  in  water,  but  soon 
CM'parutes  from  the  solution  as  a crystallis4-d  hytlrate  melting  at  46'6^.  If  protecU-d 
from  moisture,  it  changes  gradually  but  Bi>ontaneous]y  into  the  solid  modification. 

Solid  p i n acone,  when  freed  from  the  Inst  traces  of  the  liquid  modification  by 
pressure  In^twcen  paper,  and  purified  by  distillation,  is  a snow-white,  finsly  cr3’sfallinA 
which  gradually  softens  and  melts  between  35®  and  38®,  and  boils  at  171® — 172® 
under  a pressure  of  0 739  met.,  giving  off  a colourless,  ino«1orous,  thickish  liquid  which 
s<x>n  Solidifies.  It  dissolves  readily  in  cold  alcohitl  kd<1  Hhrr,  gjiaringly  in  cold 
vf  carf>on,  and  ciystallis**»  from  b«nling  sulphide  of  carbon  in  small  needles.  By  spon- 
taneous evaporation  of  an  alcoholic  or  ethereal  solution,  it  is  obtained  as  a radio-ciy’s- 
talline  mass  made  up  of  small  needles.  It  is  sparingly  soluble  in  cold  ico/cr,  ea^Iy 
in  hot  water,  but  quickly  separates  from  the  solution  as  hydrated  pinacone,  melting 
at  46‘6®.  (Linnemann.') 

Pinacone  in  either  modification  is  easily  reconverted  into  acetone  by  the  action  of 
acid  ckromatf  of  polanfinm  and  suiphuric  acid,  (Linnemann.) 

Hydrated  pinacone,  C*H“0*.GH*0  (regardtd  by  Fittig  and  by  Stiideler  as 
C*Il'*0.7H*0).  Obtained  by  the  direct  combination  of  pinacone  with  water,  or  in 
larger  quantity  by  the  action  of  sodium-amalgam  on  aqueous  acetone  {vid.  sup.\ 
It  i.H  u light  transparc'nt  substance  usually  crystallising  in  thiu  four-side«l  tablets 
(hence  the  name,  fn>m  a table),  but  sometimes,  according  to  Stadeler,  in  long 

prismatic  crystals.  When  pure  it  is  perfectly  inodorous.  When  kept  in  do  e vesse  ls 
It  volatilises,  and  sublimes  from  one  part  of  the  v»*ssel  to  another,  even  at  ordinary 
tcrapt*ralures.  It  is  sparingly  soluble  in  cold  traf'T  and  t/Arr,  easily  soluble  in  aJeohd, 
tind  may  l>e  reorystalliH*d  from  hoi  water.  It  melts  at  46*6®  to  a colourless  liquid 
which  solidifies  on  cooling.  It  is  resolved  by  dry  distillation  into  pinacone  and  water, 
but  volatilises undecomj  ohed  willj  aqueous  vapour(Linnemann).  By  distillation  with 
►ulphuric  or  hydrochloric  acid,  or  by  exiK»>^ure  in  the  melted  state  to  the  action  of  dry 
chlorine,  it  is  converted  into  pinacolin.  (Stadeler.) 

Filtig  appears  to  have  obtaiDfsI  two  other  hydrates  of  pinacone,  via.  OH‘^0*.2H*0 

and  C*H*OMPO. 

Beoftoplnacoae.  (Linnemann,  Ann.  Ch.  Pharm.  cxxxiii.  26).  This 

compound,  nduted  to  l>enzone  (phenyl-benzoyl,  p.  478)  in  the  s;«me  manner  o.s  pinacone 
to  acetone,  is  produced  by  the  action  of  zinc  and  dilute  sulphuric  acid  on  benzene: 
2C'*H'®0  + 

To  prepare  it,  1 pt.  of  on  alcoholic  solution  of  benzene  saturated  at  15®,  is  addt»d  to 
6 pts.  of  a mixture  of  1 pt.  oil  of  vitriol,  I pt.  water  and  4 pts.  alcohol,  and  as  much 
granulated  zinc  is  added  as  can  just  covered  by  the  liquid.  On  leaving  the  mixture 
to  itself  for  a few  days,  the  b<*nzopinacone  is  gradually  dep<jsited  as  a crust  on  the  zinc, 
and  that  which  still  remains  dissolved  may  l>e  separated  either  by  distilling  oflT  tlio 
alcohol  or  by  precipitating  with  water.  The  jK>rtion  attjicluHi  to  the  zinc  is  easily 
loosened  by  treating  the  zinc  with  dilute  sulphuric  acid,  and  the  whole  may  then 
so|^>arated  by  h;vigHtion,  and  purified  by  repeated  crystallisation  from  boiling  alcohol. 

Btmzupiuacone  crystallises  in  microscopic,  transparaut,  well-defined  prisms,  sparingly 
soluble  in  Intiling  alcohol,  easily  in  tthrr,  chloroform  and  sulphide  of  carlton.  It  melts 
between  170®  and  180®,  without  solidifying  again.  By  fusion  and  distillation  it  is 
converted  into  an  isomeric  modification. 

Benzopinacone  is  intermediate  in  composition  between  benzone  and  benzhydrol 
(p.  478),  and  is  converted  into  the  former  by  oxidation  with  dilute  chromic  acid  : 

C»H«0*  + 0 - 2C'»H'*0  + IPO; 

and  into  the  latter  by  the  action  of  sodium-amalffam  on  its  alcoholic  solution  ? 

C«H«0*  + H»  - 2C>H'K). 

Benzopinacone  boiled  with  excess  of  chloride  of  bemo^l,  giros  oflf  hydrochloric  *wid. 
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und  is  convertc<l,  by  abstraction  of  1 at.  water,  into  a substance  having  the  compa^Ition 
and  relat(^  to  bt'nropinacone  in  tht*  same  manner  as  pinacolin  (p.  647)  to 
pinacone.  By  treating  the  proauct  with  strong  aqueous  prjtash,  exhausting  the  r^^sidual 
powder  with  ether,  and  recrystallising  fr<)m  boiling  benzene,  the  compound  C*H**0  is 
obtained  as  a white  indistinctly  crystalline  powder,  soluble  in  boiling  alcohol,  ether  and 
benzene,  and  melting  at  182®.  It  differs  from  benzhydrolic  ether  (p.  478)  by  only  2 at. 
hydrogen ; nevertheless  it  is  not  converted  into  that  body  by  treatment  with  so^um- 
amalgam. 

/soAen^opinaconr.— Benzopinacone  is  converted  by  fusion  op  distillation  into  a 
liquid  which  has  the  same  compwition,  but  does  not  solidify  even  at  —16®,  This 
modification  of  benzopinacone  is  a syrupy,  strongly  refracting  liquid,  which  boils  with- 
out decomposition  at  297'6®  under  a pn*ssun*  of  0733  met.,  and  has  a specific  gravity  of 
riO  at  19®.  By  transmitting  a cone  of  light  tlmjugh  it  in  a darkened  space,  a bine 
fluorescence  is  produced.  It  dissolves  easily  in  cold  alcohol,  ether  and  benzene.  Witli 
chloride  of  benzoyl,  it  gives  off  hydrochloric  acid,  but  forms  a fluid,  not  a solid  product. 

Hfiid  Isohaizopinacone. — When  the  liquid  modification  just  described  is  left  to 
itself  for  some  montlis,  it  solidifies  gradually  but  completely,  forming  a substance  whi^di 
dissolves  easily  in  cold  alcohol,  ether  and  benzene,  and  melts  at  31®,  whereas  tho 
meltiug-point  of  ordinary  benzopinacone  is  between  170°  and  180®,  It  is  convertcsl 
with  extraordinary  facility  into  the  fluid  modification,  r-maining  in  the  liquid  form 
w hen  its  solutions  are  left  to  evaporate,  and  undergoing  compleU^  liquefaction  when  an 
attempt  is  made  to  pulverise  it. 

Both  the  liquid  and  the  solid  modification  of  isobenzopinnoone,  when  treated  with 
sodium-amalgam,  are  converted,  like  benzopinacone  itself,  into  benzhydrol. 

9XVCBSXSCK.  An  alloy  of  copper  and  zinc,  usually  containing  about  9 pts. 
copper  to  1 pt.  zinc.  (See  Copper,  Aixoys  of,  ii.  49.) 

PZWS-OZXi  or  Fir^l.  These  names  are  applied  to  certain  oils  n*8embling  oil  of 
turp«  ntiue,  obtained  in  various  ways  from  pine  and  ftr-trecs.  An  oil  of  this  kind  is 
extracted  in  the  Black  Forest  from  the  see<ls  of  I*inus  picea  and  Pinia  abies.  It  is 
limpid,  of  gcldon-yellow  colour,  very  mobile,  dries  rapidly,  and  does  not  solidify  till 
cooIimI  to  al>out  —30®.  It  is  usc(l  in  the  preparation  of  colours  and  varnishes 
(Gerhardt’s  Traite,  ii.  901).  A similar  oil,  formerly  used  in  medicine,  is  prepared 
by  distilling  the  young  branches  and  neeflles  of  the  dw.vrf  pine  7’MmiVm)  with 

water.  It  is  mobile,  has  a faint  yellowish  colour  and  agreeable  balsamic  odour ; a 
specific  ^vity  of  0 893  at  17® ; and  lajils  at  162®.  By  rectification  with  water  and 
dehydration  over  chloride  of  calcium,  it  is  obtained  colourless.  Hydrate  of  potassium 
immersed  in  it  becomes  covered  with  a browm  r-sinons  substance.  By  repeated  treat- 
ment with  potassium  and  rectifioition  in  a stream  of  carl»onic  anhyilride,  it  yields  a 
hydrocarbon,  C'*H**,  less  fragrant  than  the  original  oil,  having  a specific  gravity  of 
0 876  at  17®,  boiling  at  161°.  This  hydrocarbon  is  l«vo-rotatory,  a stratum  25  c.  m. 
thick  turning  the  plane  of  polarisation  18®  to  the  left.  It  aV>sorbs  hydrochloric  acid 
gus,  forming  a yellow  liquid  compound  C'*H‘*.HC1,  of  specific  gravity  0'982  at  17®,  and 
smelling  somewhat  like  oil  of  thyme.  (Mikolascb,  Jahresb.  1860,  p.  478.) 

The  following  are  the  quantities  of  oil  exlract<*d  by  sulphide  of  carl>on  from  the  seeds 
of  various  species  of  Pinuif  (dried  at  100®).  The  sbollc<l  sowls  of  Pinus  sy/ersfm  yield 
from  20*3  to  23*4  per  cent,  oil ; of  P.  Pu'ra,  7*8  ; unshelled  seeds  of  P.  Crinbra,  29*2 ; 
ehelkd  ece^ls  of  the  same,  36*6;  unshelled  seeds  of  P.  Strobiui,  29*8  ; of  P,  Abies,  20*G  ; 
of  P.  L/trix^  17*8  ; of  P.  PwwiVm,  17'6;  of  P.  canadnnsis,  11*4 — 12*9;  of  P.  maritima^ 
22*6 — 25*0.  All  the  seeds  examined  were  several  years  old.  (Wagner,  DiugL  pol. 
J.  clx,  466;  Jahresb.  I860,  p.  714.) 

PXNE-RSSXjrs.  a.  Htsins  of  Tur^mtine. — Turpentine,  the  resinous  juice  which 
rxiules  spontaneously,  or  from  incisions  in  the  stems  of  firs,  pines,  and  other  coniferous 
trees,  is  a mixture  of  a volatile  oil  (C’*H'*)  with  a resin  called  colophony,  C*B*0* 
(i.  1087X  probably  formed  by  oxidation  of  the  volatile  oil: 

2C'“H'*  + 0»  - C^H^O*  + IPO. 

This  resin  is  chiefly  a mixture  of  two  isomeric  acids,  namely,  sylvic  acid,  which  is 
crystalline,  and  pi  nic  acid,  which  is  amorphous.  The  turpentine  which  exudes  during 
the  winter  months  from  incisions  made  towards  the  end  of  autumn,  solidifies  round  the 
edges  of  the  incisions  in  opaque  yellowish-white  crusts,  called  gallipot,  consisting  of 
a mixture  of  essential  oil  of  turpentine  with  another  crystalline  resinous  acid,  calKsl 
pimuric  acid  (p.  644),  likewise  having  the  composition  C**H“0*.  (See  these  severul 
at'i'ls;  also  TrBPENTiXE.) 

3.  Resins  of  Pinus  syhfstris. — The  needles  of  the  Scotch  fir  contain  several 
resinous  matters,  which  have  boon  examined  by  Ka  walier  (Wien.  Akad.  Ber.  xi.  344 
Xkii.  326). 
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l,  Kinovoits  actd,  [?], — To  obtain  this  acid,  the  needles  are  cnt  up  and 

boiled  with  alcohol  of  40*^ ; the  alcoholic  decoction  is  distilled  in  the  water>bath,  the 
gn-nter  port  of  the  volatile  oil  then  passing  over  with  the  alcohol ; and  the  distillate  is 
mixed  with  water.  It  is  thereby  8cp:irated  into  a dark  green  resinoos  mass  containing 
ceropic  acid  (i  836),  kinovous  acid,  n small  quantity  of  volatile  oil,  and  a turbid 
watery  li(juid  in  which  pinipicrin,  sugar,  traces  of  citric  acid,  ox}*pinitannic  acid,  aud 

fuuitHunic  acid  remain  dissolved.  The  neidles  exhausted  with  alcohol  still  contain  a 
ittle  pinipicrin  and  jelly.  The  resinous  mass  is  dissolvtxl  in  alcohol  of  40^  j an  alev 
holic  solution  of  neutral  acetate  of  lead  is  added,  which  throws  down  impure  ceroj«iio 
of  lead ; sulphydric  acid  gas  is  pa.«sed  into  the  filtrate;  and  the  precipitated  mixture 
of  chloropliyll  and  sulphide  of  lead  is  sepantted  by  filtration.  The  now  filtrate 

dejx>sits,  after  the  alcohol  has  been  distilled  off,  a semi-fluid  resin,  which  dissolves  in 
very  dilute  jK)tash-ley.  to  a light  browm  liquid,  from  which  the  rtsins  may  he  pnxMpi- 
tal^,  in  combination  with  lime,  by  chloride  of  calcium.  These  resins  are  filtered  off 
and  waslied  with  water,  and  the  filtrate  and  wash-water  are  precipitated  with  a slight 
excess  of  hydrochloric  acid,  whereby  faintly  yellow  flocks  of  kinovous  acid  prtvipi- 
tat<*d,  to  Ih*  purified  by  ndissolving  them  in  dilute  potash,  treivting  the  solution  with 
aninnil  charcoal,  and  precipitating  the  filtnite  with  hydrochloric  acid. 

Kinovous  acid  is  a white,  or  slightly  yellow  brittle  mass,  yielding  a strongly  electric 
powiler.  Its  solution  in  lime-water  jnelds,  with  nitrate  of  silver,  a prccipihitc  having, 
acconling  to  Kawalier,  the  composition  2C’*H‘"0*.o.fVg*O.H  ‘0. 

2.  C'*il*'*0*. — The  compound  of  resin  aud  lime,  precipitated  by  chloride  of 

calcium  in  the  preparation  of  kinovous  acid,  dissolves  almost  con»pletcly  in  ether  ; and 
if  the  solution  be  evajx)rated,  the  residue  digestcxl  in  alcohol  of  40®,  the  solution  again 
cvapomtcd,  and  the  residue  treated  with  dilute  hj’drochloric  acid,  chloride  of  calcium 
di.Hsolves,  and  a brownish-yellow  resin  is  left,  having  the  composition  just  mentioned. 
Wlu-n  distilhd  with  hydrate  of  calcium,  it  yields  two  oils  containing  respectively 
C"II*0,  aud  C**H**0,  teth  of  which,  when  twice  distill<*d  over  phosplioric  anhydride, 
ar«>  con  vert  kI  into  an  oily  hydrocarbon,  The  resin  dropt  in  the  fused  state 

upon  smla-lime  heated  to  220®,  splits  up  into  oily  products  comparatively  rich  and 
comparatively  poor  in  oxygen  (Kawalier).  See  (rmelins  HandUok^  xv.  33. 

pnrST  TAXlOW  or  Malabar  tallow.  A flit  obtained  by  boiling  the  ftniit  of 
Valtria  indica,  a tiliaccous  tree  indigenous  in  Malabar.  It  is  a whitish-yellow,  waxy 
mass,  having  a faint  agreeable  odour,  a density  of  0 9625,  melting  at  37‘5®,  slightly 
soluble  in  cold  aleohoL  According  to  Marect  and  Babington,  it  contains  77*0  per  cent, 
carbon,  12*3  hydrogen  and  10*7  oxygen.  (Gmelin*s  Handbook,  xvi.  400.) 

PIX70XTZTB.  A mineral  from  Wolkonstcin  in  Saxony,  resembling  chloropal 
(i.  921).  but  having  a pvA^y  »»d  spi‘citic  gravity  2*3 — 2*35.  Contains,  according 
toKersten  (Schw.  J.  Ivi.  9),  36*90  silica,  1*80  alumina,  2950  ferric  oxide,  6-10 
ferrous  oxide,  U'4  manganous  oxide,  0*45  magnesia  and  25*11  water,  which  may  be 

represented  approximately  by  the  formula  (2Fe''O.3S^O*).4(I•VO^2Si0^).30H•O. 

GrnmeniU  from  Mengenbeig  in  the  Siebengebirge,  has  nearly  the  same  composition, 
viz.  38-39  per  cent.  SiO*.  6 87  AFO",  26'46  Fe»0>,  0-56  CaO,  0*67  MnO,  0*75  MgO 
aud  23-36  water.  (Bergemann.) 

PZJS'ZC  ACX1>.  C*H**0*.  Amorphous  resin  of  colophony,  Alpha‘refin  of  turpm^ 
tine.  (Berzelius.) — This  acid,  isomeric  with  sylvic  aud  with  pimaric acid, constitutes 
the  prinoi]ial  portion  of  colophony  and  appears  to  be  identical  with  amorphous  pimaric 
acid  (p.  644).  To  extract  it  from  colophony,  that  substance  is  treut<d  with  cold  alcohol 
of  72'-',  wliich  dissolves  it  in  pr»*ference  to  the  crystallisable  sylvic  acid.  The  liquid 
precipibited  by  an  alcoliolic  solution  of  cupric  acetate,  yields  a salt  whence  the  puiic 
acid  may  be  separated  by  means  of  any  mineral  arid. 

Pinic  acid  is  an  amorphous  resin,  exactly  like  colophony,  insoluble  in  water,  but  soluble 
in  alcohol,  ether,  and  oils,  both  fixed  and  volatile.  It  melts  when  heated,  and  decom- 
poses at  a higher  tempeniturc.  With  the  aid  of  heat  it  decomposes  carbonates,  and 
separates  the  fatty  acids  from  the  alcoholic  solutions  of  their  soaps.  (Unverdorbeii, 
Pogg.  Ann.  li.  27.) 

PXKZCORJtXTZBr.  (Kawalier,  Wien.  Akad.  Ber.  xi.  359.) — A 

substance  occurring  in  the  bark  of  the  Scotch  fir  (i^wMs  st/hrstrif).  The  hark  of  the 
npjM  r parts  of  the  stem,  after  being  fnxd  from  the  outer  rind,  is  cut  in  pieces,  and 
I)oil«d  with  alcohol  of  40  per  cent. ; the  ceropic  acid  which  separates  from  the  decoction 
on  cooling  is  «ej»arnted  by  filtration  ; the  g«*aterpart  of  the  alcohol  is  evaporated  ; the 
residual  liquid  is  mixed  with  water;  and  the  turbid  solution  is  trente<l  with  neutral 
acetate  of  lead,  wheo'by  pinlcortannic  acid  and  piniconvlin  arc  precipitated,  while  cor- 
tepinitaiiuic  acid  (ii.  85)  aud  sugar  riiiiain  in  solution.  The  waalud  lead-prcripilute. 
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digi*sto<l  with  very  dilute  acetic  acid,  acparates  into  pinicortannic  acid  {in/ra\  which 
dixjiolvcs  (and  may  K*  obtained  by  precipitating  with  baaic  m elat©  of  lead,  decomposing 
the  precipitate  with  aniphydric  acid,  and  evaporating  the  filtrate  out  of  conhict  with 
air),  and  a dark-colonred  glutinous  residue,  soluble  in  strong  alcohol.  On  treating  the 
Bolutton  with  sulphydric  acid,  and  evaporating  the  filtered  liquid,  pioicorretiu  remainu 
behintl,  and  may  l>e  purified  by  solution  in  alcohol. 

Pinicorretin  is  a black-brown  glutinous  nmss,  very  slightly  soluble  in  ammonia.  Tlie 
ammoniacal  solution  yields,  with  chloride  of  barium,  red-brown  flocks  containing 
4iJa"0.3C»*H**0*. 

PXXrzcOliTAKmo  Aom*  C«H*"0*'[?].  (Kawalier,  Wien.  Akad.  Ber.  xi. 
360.) — All  acid  occurring  in  th«*  bark  of  Finns  sjt/tvrsiris,  and  obtained,  as  above,  in 
the  preparation  of  pinicorretin.  It  is  also  product'd  when  the  solution  of  cprtepiuitannic 
acid(ii.  85)  is  evaporated  in  contact  with  air.  It  is  a red-brown  powder,  converted  by 
boiling  with  water  containing  hydrochloric  acid,  into  a bright  r*d  powder  containing 
3C'*H*0'*.H*0.  Its  aqueous  solution  colours  ferric  chloride  green. 

PUl XVZCRZSr.  (Kawalier,  Wien.  Akad.  Ber.  xi.  350,  xiii.  615.) — A 

biller  substance  occurring  in  the  needlcH,  inner  bark  and  outer  bark  of  the  Scotch  fir 
{Finns  sylpistris),  and  in  the  green  ports  of  Thuja  ocriil  ntalis. 

PrrjMration. — The  comminuted  needles  of  the  Scotcli  fir  (or  branches  of  Thuja)  are 
exhausted  with  alcuiiol  of  40® ; the  alcohol  is  distilled  off  from  the  de^wtlon  ; and  the 
resitiue  is  mixinl  with  water,  which  separates  a gn  en  mass  of  resin  (serving  for  the  pre- 
(Miration  of  kinovous  acid,  p.  649),  while  the  sufs^niatant  turbid  liquid  rt'tains  in  solution 

fiinipicrin,  sugar,  traces  of  citric  acid,  oxypinitannic  acid,  and  pinitannic  acid.  This 
iquid  is  mix^  with  a few  dro^is  of  neutral  acetate  of  lead,  which  renders  it  filtrahle ; 
the  filtrate  is  mixed  with  excess  of  that  reagent,  which  throws  down  oxypinitannatc  of 
lead;  then,  after  another  filtration,  pinitannate  of  lead  is  precipitated  by  the  basic 
acetate;  this  is  also  separated  by  filtration  after  the  liquid  has  cooled  ; and  the  filtmt<r 
is  saturated  with  sulphydric  acid.  The  liquid,  frer*d  from  sulphide  of  lead  and  evapo- 
rated in  a stream  of  carbonic  acid,  leaves  a residue  of  the  consistence  of  an  extract, 
from  which  anhydrous  ether-alcohol  extracts  the  ptnipicrin  and  leaves  the  sugar.  A 
small  quantity  of  fon*ign  mutter  is  precipitated  from  the  solution  by  basic  acetate 
of  lead ; the  filtrate  is  treated  with  sulphydric  acid;  the  sulphide  of  lead  is  removed, 
and  the  liquid  evajtomt^nl.  By  repeatenlly  dissolving  th»'  n»»idue  left,  after  the  ether- 
alcohol  has  been  distilled  off,  in  fresh  quantities  of  anhydrous  alcohol  containing  ether, 
as  long  a.s  any  insoluble  matter  is  left,  and  evaporating  the  solution,  pinipicrin  is  at 
length  obtained,  still,  however,  contaminated  with  acetic  acid,  which  adher»8  to  it  ol>- 
Btinately,  but  may  be  removed  by  agitnriou  with  a little  pure  ether  (which,  however,  at 
the  same  time,  removes  a little  pinipicrin).  The  nee<lU*M,  after  exhaustion  with  alcohol, 
still  retain  a little  pinipicrin.  which  may  be  obtained  from  the  aqueous  decoction  in  the 
same  manner  as  from  the  alcoholic. 

Fmprrtirs. — Pinipicrin  is  a bright  yellow  powder,  which  softens  at  56®,  becomes 
viscid  at  80®.  transparent  and  mobile  at  100^,  and  solidifies  on  cooling  to  a brownish- 
yellow,  brittle,  friable  mass.  It  is  hygroscopic,  and  has  a strong  bitter  taste.  It  is 
very  soluble  in  water^  dissolves  also  in  alcohol^  ethcT’Olcohol,  and  aqueous  ether,  but  not 
in  pure  ether. 

Pinipicrin  swells  up  strongly  when  heuted  on  plulinum-foil,  and  leaves  a difficultly 
combustible  charcoal.  The  aqueous  solution,  when  heated,  instantly  gives  off  the 
odour  of  ericinol  (u.  499),  and  is  completely  resolved  into  this  substance  and  glucoae: 
+ 2H»0  - 2C«H'-0*  + C'*H'«0. 

In  contact  with  emulsin,  it  emits  an  odour  of  volatile  oil,  but  the  action  soon  ceases. 
(Kawalier,  Wien.  Akad.  Ber.  xil  649.) 

PnrXTAlOVZC  ACZB.  CH'^O^m.  (Kawalier,  Wien.  Akad.  Ber.  xi.  357; 
zxix.  19.)— This  acid  occurs,  together  witn  thujin  and  thujigenin,  in  the  green  parts 
of  the  common  Arbor  vitig  {Thuja  occidmtalis),  tii\A  ].•}  precipitated,  partly  from  the 
aqueous  extract,  together  with  thujin,  by  neutral  acetate  of  lead,  partly,  togi'ther  with 
thujigenin,  on  subsequent  addition  of  basic  Icad-acctate,—  ri\maining  in  solution  when 
thes<*  precipitates  are  decomposed  by  sulphydric  acid,  and  the  thujin  and  thujigenin 
have  crystAlliseil  out.  The  mother-liquors  are  then  evaporated  to  dryness ; the  pinitannic 
acid  extracted  by  anhydrous  ether-alcohol ; the  filtrate  quickly  evaporated  to  dryness 
over  the  water-bath  ; and  the  remaining  acid  dried  in  a vacuum  over  oil  of  vitriol. 

Pinitannic  acid  occurs  also,  together  with  oxypinitannic  acid  (p.  319)  and  pinipicrin, 
in  the  needles  of  old  Scotch  fir  trees,  and  is  obtained  n.s  a lead-salt  in  the  pr»‘puratiou 
of  pinipieriii  (r/Vf,  sup.),  by  precipitation  with  basic  acetate  of  lead,  after  tlie  oxypini- 
tamiic  acid  has  been  precipibtled  by  the  neutral  aet  tate.  The  waj^hed  pneipitate  is 


ea  Dy  Coogle 


652 


FINITE— PIMTOID. 

decomposed  by  sulpbydric  acid,  and  the  liquid  U heattnl  witli  the  sulphide  of  lead,  then 
hltenti,  and  evap«)ruted  to  dryness  in  a strt'am  of  carbonic  anhydride. 

Pinitunnic  acid  is  a yellow-red,  or  if  prejnired  from  Tliqja,  a brownish-yellow  powder, 
Ijaving  ft  slightly  bitter  astringent  taste,  In-coming  soft  and  glutinous  at  lUO®.  It  dis- 
solres  rea«iily  in  U’irt^r,  alcohol,  and  tthcr ; docs  not  precipitate  solution  of  ^latin. 
The  aqueous  solution  colours  ftrric  chloride  dark  brown-red,  forms  yellow  precipitates 
with  m utral  and  ba»ic  aertaU  of  lead,  and  precipitates  cupric  sulphate  and  silver-nitraie, 
the  bitter  on  addition  of  ammonia.  When  boiled  with  a small  quantity  of  stannic 
cfdoride,  it  imparts  a permanent  yellow  dye  to  woollen  stufis  mordanted  with  alum  or 
tin-salt. 

PXirXTS.  OH'^0'*.  (Berthelot,  Ann.  Ch.  Phys.  [3]  xM.  76;  Chim.  oig.  ii. 
213. — Johnson,  SiU.  Am.  J.  [2J  xxii.  6;  Gm.  xv.  212.)-— A saccharine  sul^tance 
contained  in  the  sap  of  the  Pinus  J.amfnrtiana  of  California.  It  is  deposited  from  the 
Hquemis  extract  of  the  crude  hardened  juice,  in  hard  white  radio-crystalline  nodules 
of  specitic  gravity  P62;  as  sweet  as  sugar-candy,  very  soluble  in  water,  nearly  insoluble 
in  absolute  alcohol.  It  is  dextro-rotatory,  not  fermentable  and  does  not  reduce  solution 
of  potassio-cupric  tartrate,  even  after  treatment  with  sulphuric  acid.  It  is  decomposr<l 
by  hot  nitric  acid,  willi  formation  of  nitro-compouuds  and  a small  quantity  of  oxalic 
ft4‘id.  With  an  Hiinnoniacal  solution  of  lead^'ctatc,  it  forms  a precipitate  containing 
C*]P’0*.2i*b''0.  With  acids  it  forms  ethers  analogous  to  tlie  roannitanides  and 
dulcitanides : thus  with  ociVf  it  forms  dibenzopinite, 

+ 2C’HH)^  — 2H*0,  and  tetrubenzopinite  C**H”0‘*  «■  4C'H*0*  — 

2H’0;  and  analogous  compounds  with  sUaric  acid.  All  these  compounds  are  neutral. 
With  farffl/ic  aciV/,  it  forms  pinitartaric  acid,  » C*H'*0*  + GC*!!*©* — 

6H’0,  which  yields  calcium-salt  containing  C**IP*Ca*0'‘.6lP0. 

VZVXTJB  is  also  the  name  of  a mineral  formed  from  dichroi'te  (ii.  320)  by  the 
action  of  alkaline  waters.  It  occurs  in  six-  or  twelve-sidinl  prisms,  with  cleavage 
often  indistinct,  sometimes  basal;  colour  grey  to  greyish-green  or  brown.  Hardness 
■»  2’6.  Like  other  minerals  formed  by  decomposition  of  dichruite,  it  is  not  perfectly 
definite  in  composition,  but  exhibits  various  stages  of  transition  between  dicliruite  and 
mica. 

Analt/ses : a.  From  near  Schneeberg  in  Saxony:  blue-green  moss  covered  with  a 
micaceous  crust  (which  was  removed  as  completely  as  possible  previously  to  the 
analysis)  (Rammelsberg.  p.  835). — h.  From  Penig  in  Saxony, 

similar  to  the  prcc«xling,  but  with  a red  crust  rich  in  ferric  oxide  (Kammelsberg). 
c.  From  Stolpen  in  Saxony:  so  called  prismatic  tnica;  red  (Massulin,  Tromm^. 
N.  J.  iv.  2,  324). — d.  From  Saxony;  specific  gravity  » 2'75  (Marignac,  Bibl.  univ. 
1847,  iv.  157). — €.  From  Auvergne;  a.  C.  Gmelin  (Kastn.  Arch.  i.  220);  A From 
St.  Pardoux  (Kammelsberg);  y.  Specific  gravity  « 2*74  (Marignac).—/.  From 
Mont  Breven  in  the  valley  of  Chamounix  ; specific  gravity  ■■  2’84  ^Marignac).— 
p.  From  Diana,  New  York:  green  six-sided  prisms  of  specific  gravity  2*75;  decom- 
j>o»ihle  by  acids  (Brush,  J.  pr.  Chem.  Ixxv.  453). 

a.  b.  c.  d.  e.  /.  f. 
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PZVTTOZl>*  This  name  is  applied  to  certain  minerals  more  or  less  resembling 
pinite  in  composition  and  physical  characters. — a.  Gn-yish-gpeen  or  greenish-whito 
nmlules  of  crystallo-granular  struettm-,  specific  gravity  2*7888.  and  hardness  about  2 5, 
occurring  in  the  felsite-lufa  of  the  Zcisigwivld  nciir  Chemnitz  (A.  Knop,  Jahresb.  1859, 
p.  794). — 5.  Pseudoniorphs  after  ft  lspar  occurring  in  decompose<l  porphyry,  from  the 
Klitzschmiihle  near  OU-rwiesa  (after  separation  of  the  felspar-sand  by  levigalion) 
(Knop). — c.  A fine-splint<ry  decomposition-product  of  oligoclase  (hardness  = 2*5), 
imbeild^  in  the  porpbyritic  granite  of  Sasbachwalden  in  the  northern  part  of  the 
Black  Forest  (F.  Sandberger,  Jahresb.  1861,  p.  1008). — d.  A mineral  forming  the 
substance  of  vegetable  petrifactions  in  the  phyllife  of  Potit-Co-'UP  in  the  Tarantaise, 
t^avoy  (Terreil,  Jahr»*sb.  1861,  p.  1008). — r.  A light  gr»H‘n  or  white  substance  of  the 
consistence  of  kaolin,  occurring  iu  clefts  of  a slate  imbeildiKl  in  the  spiriferous  sand- 
Slone  of  £ms  in  Nas.siu  (E.  Hcrget,  Jalu't-sb.  18G2,  p.  822): 
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PZJaroXiZir.  A volatile  oil  produced  bj  the  distillHtioD  of  Americaa  piue-rcaiu,  and 
used  as  an  illuminating  materia). 

PZirus.  The  Stone  Pine  {Pinus  Picra)  growing  in  the  smith  of  Europe,  vields 
large  oblong  oleaginous  aewls  (called  by  the  French)  which  are  used  as  food  ; 

their  nutritive  power  in  the  dry  statf  is  about  equal  to  that  of  walnuts;  but  in  the 
fresh  state  they  are  more  nutritive  than  fresh  walnuts.  According  to  Payen  (Dull. 
Soc.  Chira.  1865,  i.  235),  they  contain  5 71  per  cent  water,  42'50  fat  oil,  39  45  nitro- 
genous matter  (nitrogen  6 44),  O'oO  ci  llulose,  and  traces  of  starch,  and  4*14  inorganic 
matter.  The  8e«‘ds  exhausted  of  oil  yield  11*87  per  cent,  nitrogen  and  9 04  a-^h. 

The  ash  of  Pinu/f  Mughu»  &nd  P.  Puinilio,  and  the  soils  on  w’hicb  they  grow,  have  been 
analysed  by  H.  S.  Jobson  (Ann.  Ch.  Plmrm.  xcv.  226;  Jalircsb.  18.)6,  p.  709);  iho 
liilUr  also  by  Wittstein  (Jahresb.  1862,  p.  611);  the  ash  of  IHnus  by 

Heycrand  Vonhausen  (Ann.  Ch,  Pbarm.  Ixxxii.  180;  Jahresb.  1852,  p.  798), 

Respecting  the  oils  obtniniHl  from  various  kinds  of  pine,  see  page  648.  For  the 
various  resins  and  otlier  substances  obtained  from  the  Iwrk  an«l  needles  of  Pinu8 
see  Kawalier  (Wien.  Akad.  Ber.  xi.  344;  Ann.  Ch.  Pharm.  Ixxxviii.  360; 
Jahresb.  1863,  p.  570;  Gmelin's  Handbook,  xv.  33,  487;  xvi  26);  also  the  articles 
Cbbopic  Acid,  Cobtkpinitaxxic  Acid,  Ericwol,  Kinovocs  Acid,  Oxvfikttaknio 
Acid,  Phlobaphkvb,  Pixe-rbsins.  PixicoRRiiTnc.  PiiacoRTAXXic  Acid,  Ptxipicbix, 
PixiTANKic  Acid,  Tax^kcortipixic  Acid,  and  Taxxopic  Acid,  in  this  Dictionary. 

PZOTXC  ACZB.  Syn.  with  Mbtavaroaric  AaD  (ill  976). 

PZOTOUB  ACZ1>.  Syn.  with  Htdromaroaritic  Acid  (iii.  205). 

PZPS1U  Black  pepper  {Piprr  nigrum)  yields  a volatile  oil,  having  the  compo.sitinn 
of  turpentine-oil,  and  boiling  at  167*5®.  Specific  gravity  of  the  oil  — 0*864  : of  the 
vapour  •»  4*73.  The  oil  absorbs  a large  quantity  of  hydrochloric  acid,  without  forming 
a ciystalline  compound.  (Soubeiran  and  Capitaine,  J.  Pharm.  1840,  p.  65.) 

The  root  of  Piprr  inethgsticum,  orKawa,  lm.s  been  already  described  under  the 
latter  name  (iii.  445). 

PZPSSJCC  ACXX>.  CUP^O*.  (Von  Babo  and  Keller,  DtA*>rtation  ?v<n 
C.  KeUtT^  Freiberg,  1856,  p.  16. — Strecker,  Aun.  Ch.  Plmrin.  cv.  317;  cxviii, 
280. — G.  C.  Foster,  Chetii.  Soc.  Qu.  J.  xv.  17. — Gm.  xv.  7. produced, 
together  with  piperidine,  by  l>oiling  pi^ariue  with  {K>tash : 

C"H**NO«  + H«0  « C»H'*0*  + C*H''N. 

Pipt-rlne.  Pipiric  PJp^ri- 

«cid.  dine- 

Prrparation. — 1 part  of  piperine  is  boiled  with  3 nts.  of  potn8sium-hj*drBte  and  16 
to  20  pts,  absolute  alcohol,  the  liquid  which  distilK  over  being  continually  pour»*<l 
back  and  the  process  continued  for  twelve  hours,  or  till  a sample  of  the  mixture  taken 
out  of  the  retort  is  no  longer  precipitated  by  water  (V.  Babo  and  Keller);  or  better, 
equal  weights  of  piporino  and  potassium-hydrate,  with  as  much  strong  alcohol  as 
is  requireil  to  dissolve  both,  are  hnated  for  four  or  five  hours  to  100®  in  a closed 
vessel  (Foster).  The  crystalline  plates  of  potassic  piperate  which  are  thereby  pn>- 
duce<l  in  abundance,  are  w*parated  from  the  brown  mother-liquor,  purified  by  repeat<Ml 
crystallisation  from  a small  quantity  of  boiling  water,  with  help  of  animal  charcoal  ; 
then  diwiolved  in  water  and  deeonipostKi  bv  dilute  hydrochloric  acid ; and  the  acid, 
which  separates  ns  u jelly,  is  collected,  wasIuMi,  and  purified  by  repeated  ciystallisation 
from  alcohol.  Another  method  is  to  neutralise  the  aqut*ous  solution  of  the  impure 
potassium-salt  with  acetic  acid,  mix  it  with  a small  quantity  of  solution  of  acetate  of 
lead,  separate  the  lead  dissolved  in  the  filtered  liquid  by  sulphydric  acid,  filter  again, 
and  evaporate  to  the  crystallising  point.  (V.  Babo  and  Keller.) 

Proprrtirs. — Piperic  acid  forms  yellowish  capillary  needles ; in  the  moist  state,  a 
sulphur-yellow  jelly  which  shrinks  on  drj’ing.  Melts  at  150®,  sublimes  at  about  2(M»®, 
partly  unaltereii.  emitting  an  odour  of  coumarin,  and  leaving  a blown  fused  rcsidur. 
Its  reaction  is  j-carcely  acid  (V.  Bubo  and  Keller).  It  is  nearly  insoluble  in  wattr; 
dis.Holves  in  270  pts.  of  cold  ulw)lute  alcohtd,  e;isily  in  the  same  liquid  at  the  boiling 
heat ; K|«aringly  in  e/5rr,  scarcely  at  all  in  sulphide  of  carlxm  or  rock-oil ; somewhat  more 
easily  in  h^nune. 

iMcompwdtions, — 1.  Piperic  acid  burns  wheu  heated  in  contact  with  the  air,  emitting 
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dn  odonr  of  anUe,  and  leaving  a difBcultljr  com^ustiMe  charcoal. — 2.  Nasrfnt  hi/dro^fm 
(Modiura-amalgJim)  converts  it  into  hydro-piperic  acid  (p.  6o4)  (Foster). — 8.  Oil 
vitriol  colours  it  blood-nd,  and  then  chars  iL — 4.  When  treated  with  iodine,  hromivr^ 
or  chlorine,  it  forms  substitution^pruducfs. — 5.  Concentrated  hydriodic  acid  acts  upon 
it,  oven  below  100°,  producing  carbonic  acid,  and  a black,  imcrvstallisable,  humus-like 
substance  (Foster).  — 6.  In  contact  with  pmtachloride  of  phojtphor us,  it  acquires  a 
vermillion-red  colour,  and  deliquesces  after  a few  days,  forming  oxychloride  of  ph<*«- 
phorus,  and  yielding  vermillion-colourod  crystals.  If  the  crystals  obtained  by  the 
action  of  pentachloride  of  phosphorus  on  piperic  acid  be  mixed  with  ppHridine.  a 
Bubetunce  is  fomn‘d  which  is  insoluble  in  water  and  potash-ley,  but  solubV  in  strong 
hydrochloric  acid,  alcohol,  and  ether. — 7.  Hitric  acid,  oven  when  dilute,  converts 
pipcricacid  intoan  orange-coloured  nitro-compound,  which,  when  heated  with  potassium- 
hydrate,  gives  off  an  odour  of  eoumarin  (V,  Habo  and  Keller). — 8.  Piperic  acid  added 
to  fused  poiassium-hydraie  containing  a little  water  in  exct^ss.  is  at  first  dissolved  ; the 
mixture  then  turns  brown,  and  gives  off  hydrogen,  and  a mass  is  formed  containing 
protocatochuAte  [?  hyp(^allate,  p.  454],  acetate,  oxalate,  and  carbonate  of  potassium, 
with  a oomparativefy  small  quantity  of  a humus-like  body,  probably  a product  of 
the  decomposition  of  the  protocatechuate.  The  reaction  is  prol^bly 

+ 8H*0  = C»H*0*  -e  + C*H*0*  + CO»  -h  7H».  (Strecker.) 

Pi|H*ric  Protocsie-  Acetic  Oxslic 

acM.  chute  acid.  acid.  acid. 

Piperates. — Piperic  acid  is  monobasic,  the  general  fonnula  of  its  salts  being 

l^peraU  of  ammonium,  C**H*(NH^)0*.  forms  eolour.ees  satiny  scales  resembling 
cholesterin.  It  gives  off  ammonia  slowly  in  moist  air  at  ordinary  temperatures,  more 
quickly  between  100°  and  150°,  and  decomposes  between  180°  and  2(K)°,  emitting  an 
^our  of  anise  (V.  Babo  and  K e 1 1 e r).— of  potassium,  C*H*KO‘,  obtained 
as  already  describ'd,  or  by  dissolving  the  acid  in  potash-ley,  forms  yellowish-white, 
silky  lamime,  probably  belonging  to  the  trimetric  eyetem.  When  heated  it  glows 
and  emits  an  odour  of  an'se,  and  when  subjected  to  dry  distillation,  yields  a small 
quantity  of  tar  containing  phenol,  and  leaves  a mixture  of  charcoal  and  carbonate  of 
potassium.  It  dissolves  8]>aring)y  in  cold,  easily  in  boiling  water,  sparingly  in  alcohol, 
aud  is  nearly  insoluble  in  ether  (V.  BaboandK  eller). — sodium-salt  is  precipitated 
on  dissohnng  the  acid  in  hot  soda-ley,  and  cooling,  as  a white  crystalline  powder 
sparingly  soluble  in  cold,  easily  in  hot  water,  and  precipitated  from  the  aqueoua 
solution  by  alcohol. 

The  barium-salt,  C*'H‘"Ba"0*,  is  obtained  by  precipitation,  as  a loosely  coherent 
mass  of  microscopic  needier,  dissolving  with  partial  decomposition  in  about  5,000  pta. 
of  cold  water,  more  soluble  in  hot  water.  It  is  completely  decomposed  by  passing 
carbonic  acid  through  its  aqueous  solution.  (Fo.ster.) 

The  calcium-salt  forms  slender  needles,  somewhat  more  soluble  than  the  barium-salt. 
—The  strontium-salt  is  a white  precipitate.  (V.  Babo  and  Keller.) 

The  cadmium-salt  is  a white  powder;  the  is  rose-coloured ; the  nichl- 

salt  is  light  gn*cn  and  insoluble  ; the  cupric-salt  is  precipitated  in  slender  sky-blue 
TUMHiles  on  mixing  the  potassium-salt  with  cupric  sulphat^  more  abundantly  on  addi- 
tion of  ammoniiu — The  ferrous  salt  is  yellowish-white,  insoluble,  easily  oxidisable. — 
The  lead-salt  is  a yellowish  precipitate,  which  disaolves  slightly  when  heated,  and 
separates  us  a white  crystalline  powder  on  cooling. — The  magnesium-salt  separatee 
after  a few  days  in  slender  needles,  from  niodeniteJy  dilute  solutions  of  piperatc  of 
potassium  and  chloride  of  magnesium. — The  inanganous-salt  forms  small,  yellowisli, 
silky  laminse. — The  ^nrrcuric-salt  is  a ycllowish-whito  precipitate,  from  which  potash 
separates  mercuric  oxide. — The  mercurous-salt  is  a white  precipitate  reduced  by  am- 
monia.— The  silver-salt,  C‘*H*AgO‘,  is  obtained  as  a colourles.s,  scarcely  crystalline 
powder  by  precipitating  nitrate  of  silver  with  piperate  of  potassium.  It  is  insoluble  in 
water  and  in  alcohol  ; does  not  lose  weight  at  100°, — The  n'nc-so/^  is  a yellowish- white 
curdy  precipitate.  (V.  Babo  and  Keller.) 

Kjdropipeiic acM,  (6.  C.  Foster,  Chem.  Soc.  Qu.  J.  xv.  19  ; Gm.  xr. 

11). — This  acid,  which  contains  2 at.  hydrogen  more  than  piperic  acid,  is  produced  by 
the  action  of  sodtum-amalgum  on  the  latter.  When  an  aqueous  solution  of  potassie 
pij4or.ite  is  treated  with  sodium-amalgam  at  a p^entle  heat,  for  some  hours,  the  adilitiou 
of  hydrochloric  acid  precipitators  hydropipenc  acid  in  oily  drops,  which  gradually 
solidify  on  standing.  It  maybe  purified  by  crystalliHation  from  a largo  quantity  of 
boiling  water,  or  by  solution  in  alcohol  and  treatment  with  animal  charcoal. 

Ilvdropiperic  acid  i*  colourless ; tasteless  at  first,  after  a time  somewhat  burning. 
As  de^w>HiliHl  from  boiling  water,  it  forms  long,  exceedingly  thin,  silky  needles;  by 
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8iv)ntanooU9  evaporation  of  its  ethereal  solution,  it  mav  be  obtained  in  tolerably  larp\ 
hani  erystals.  apparently  mon«x*linic,  and  mostly  hemitpnpic.  It  melts  at  63®  or  04'' ; 
s«)lidiflts  at  about  56® ; not  volatile  without  d»H*omp08ition.  It  is  very  slightly  solubh* 
in  cold  tmitr,  somewhat  more  so  in  hot  water;  the  hot  saturated  solution  riMcts 
strongly  aeid  ; and  on  cooling  «leposits  the  aeid  in  oily  drops,  as  long  21s  its  temperature 
is  above  the  melting  pjint  of  the  latter;  the  rest  separates  in  long,  thin  cryst4ils 
{t'iti,  sup.).  The  acid  dissolves  in  all  proportions  in  alcvh'^l,  and  is  very  soluble  in 
ttkrr. 

When  hfaied  somewhat  above  its  melting  point,  it  gives  off  white  fumes,  which, 
when  dilnttnl  with  much  air,  smell  like  oil  of  anis«‘,  and  leave  n small,  easily  com- 
bustible, carl»onaceous  acid. — Strong  hydrUuHc  acid  decomposes  if,  below  1(K>®,  into 
carbonic  fund,  and  a black  humus-like  body,  soluble  with  black  colour  in  alkalis.— 
Fuming  nitrk  acid  ctdoors  it  blood-nsl ; ordinary  nitrio  a id  dilutee!  with  its  own 
bulk  of  water,  acts  violently  upon  it  if  gently  heatf-^l,  pving  a solution  from  which 
water  preoipifat<‘s  a semifluid  nitro-acid. — (Ml  of  vitrUM  colours  it  blo<id-red. — Fus«hI 
wifii  excess  of  hydratrd  alkali,  it  evolves  much  gas.  and  the  brown  fii»e<l  mass  exhibits 
the  reactions  of  hypogallic  acid  C’H*0\  obtained  by  flio  action  of  hydrioilic  acid  on 
liemipinie  acid  (iii.  142,  239);  see  also  Dbcompositioxs  ok  Pipbric  Actd  (p.  654). — 
With  chloride  of  acrtyl  at  1 60®,  it  yields  hydrochloric  acid  and  a tieufral  oil,  insoluble 
in  water  and  dilute  alkalia. 

Hydropipera  1 09,  C*’H"MO*and  The  ainmonium^salt, 

riystallises  fk)m  hot  water  in  small  shining  scales ; it  is  easily  soluble  in  hot  tcatcr, 
cousidembly  less  soluble  in  cold.  A strong  nque^ous  solution  can  dissolve  more  ht/dro- 
piprric  aeid,  fom»ing  a solution  from  which  water  precipitates  the  excess  of  acid,  and 
which  gives,  if  satumled,  an  almost  solid  mass  of  hydropiperate  of  ammonium,  on 
addition  of  strong  aqueous  ammonia. — An  aeid  po1assium*salt,  C*^H®KO"  « 
is  obtained  by  boiling  a solution  of  hydropiperic  acid  in  nearly 
absolute  alcohol  with  dry  carbonate  of  polussium.  It  crystallises  on  cooling  in  benit- 
spherical  masses  of  radiating  needles. 

The  barium-salt,  crystallises  fh)m  boiling  water  in  small  bunches  of 

ui'ciile-ahaped  crystals. 

The  calcium-salt^  C’*‘FI"Ca'’0*,  is  prepared  by  boiling  the  acid  with  milk  of  lime, 
filtering  hot,  and  separating  the  excess  of  lime  by  carl>onic  acid  ; or  by  precipitating  a 
rather  strong  solution  of  the  ammonium-salt  with  chloride  of  calcium.  When  piirifl<xl 
by  crystallisation  from  a mixture  of2pts  water  and  1 pt.  alcohol,  it  forms  snmll 
n<'edle-shapcd  crystals,  slightly  soluble  in  cold  water,  more  snluhle  in  hot  water,  but 
partially  decomjx>s«Hl  by  it.  The  crystals  contain  water,  which  they  lose  at  100®. 

The  sili'cr-salt,  C'*lI‘*AgO*,  is  a crystallitie  pre^dpitate,  almost  insoluble  in  cold 
water,  i-Rsily  altertnl  by  expi>sur©  to  light,  or  by  solution  in  hot  water. 

Tfie  hydropiperales  of  the  other  metals  are  mostly  precipitates  insoluble  in  cold 
water. 

Hydropiperate  of  Ethyl,  C'*IT'*0*  = C‘'IT'*(C^IP)0*,  is  obtained  by  heating  a 
solution  of  hydropi|M’ric  acid  in  absolute  aleohol  Mttiratcd  with  hydrx>chlorio  nci<l  for 
4 or  5 hours  to  130°  in  a sealetl  tul»e,  and  purified  by  solution  in  ether  and  treatment 
with  animal  charcoiil.  It  is  a bri>wnisli. yellow,  neutral  liquid  ; heavier  than,  and  inso- 
luble in,  water;  not  altered  by  dilute  aque<;us  j>ota»h  or  ammonia,  but  decomposed  by 
giisious  ammonia,  probably  with  formation  of  kydrupiperamide,  (Foster.) 

PXPBXISIIfB.  C‘II"N  - |s.  (Wertheim,  Ann.  Ch.  Pharm.  lixT. 

68. — Anderson,  ibid.  Ixxv.  82  ; Ixxxiv.  345. — Cahonrs,  Ann.  Ch.  Phys.  [3]xxxviii. 
76. — Von  Pabo  and  Keller,  J.  pr.  Chem.  Ixxii.  53. — Ora.  x.  446;  xv.  13.)  A 
volatile  base  pnxiuced  by  the  action  of  alkalis  on  piperino.  The  production  of  a voln- 
tile  base  by  heating  pijH'riiie  with  soda-lime  WfW  first  noticed  by  Werthelm  and  R«x’b- 
b der.  who  at  first  mistook  it  for  aniline,  afterwards  for  picoline.  Anderson  an*l  Cuhours 
obtained  the  same  base  in<lcpendently  of  each  other,  and  n*c^;nised  its  separate  identity. 
Jfs  eliemical  relations  have  been  investigated  chiefly  by  ('ahoum. 

Vnparation. — 1.  When  1 pi.  of  piperinc  is  distilled  with  2^  to  3 pts.  of  potnsh-lime 
in  It  ri'tort  connet'tctl  with  a cool«*d  receiver,  a distillate  is  obtained,  consisting  of  water, 
two  distinct  volatile  Iwises,  and  a neutral  siibstamx^  having  an  agre»*ablo  aromatic 
odonr.  When  this  crude  liqukl  is  treated  with  fragments  of  caustic  potash,  a light  oily 
subatance  separates,  having  a strong  aninioniacal  o<lour,  and  dissolving  in  water  in  all 
pn>|»ortions.  This  oil,  when  distilled,  passes  over  almost  wholly  between  106°  and  108®, 
but  towards  the  end  of  the  distillation,  the  thennometer  rises  quickly  to  210°,  and  there 
remains  stalioiiary.  The  more  volatile  pr  xluct,  which  forms  more  than  of  the  crutlc 
liquid,  distils  over  entirely  at  106®  when  rcctitud:  this  liquid  is  piperuline  (Cuhours;. 
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2.  riperino  trealod  with  nitric  acid  evolvrs  nni  fumi'a,  nnd  forms  a suhstancf  haricg 
an  cnlour  of  bitter  almond  oU,  and  a brown  n'sin,  which  disHolvea  with  blood-n^d  cokmr, 
in  potash,  and  when  boil«*d  with  that  substanc**,  yiehls  piperidine  in  the  form  of  a 
volatile  liquid  (Anderson). — 3.  Piperine  is  deoomposeil,  us  directed  at  pajp*  653,  bj 
lulling  with  alcoholic  potash,  into  nip<Tiiiinp  and  piperate  of  potaasinm;  and  the  mother* 
liquor  sp{>arute<l  from  the  crYstals  of  tlmt  salt  is  distilled  into  a receiver  containiag 
h^’drochlorie  acid,  whereby  hydroohlorale  of  piperidine  is  obtuine<l. 

Proprrfirg. — Piperidine  is  a colourless,  very  limpid  liquid,  haring  a strong  aromoni* 
acal  odour,  but  recalling  also  that  of  pepper,  and  a verj’  caustic  taste  (Anderson). 
Blues  retldened  litmus  strongly.  Boils  at  106®.  Vapour-density  =*  2'958  (Cahours); 
calc.  (2  vol.)  » 2'9-16.  It  dissolvea  in  all  proportions  in  water,  forming  a strongly 
alkaline  liouid  which  rt^cls  with  saline  solutions  like  ammonia,  excepting  that  it  does 
not  rtHlissolre  the  oxides  of  nine  and  oopp«?r.  Piperidine  dissolves  also  in  a/coAol;  it 
coagulates  whitr  of  tgq  after  a quarter  of  an  hour. 

isitroui  acid  acts  violently  on  piperidine,  forming  a heavy  aromatic  liquid.  Vsponi 
of  cyanic  acid  passtni  into  piperidine  forms  pi^>erylene-carbamide  (pipervl-ureal: 
C'lP'N  + CNHO  * C*H'*N*0.  Cyannte  of  nvthyl  and  cyanatc  of  <thyl  form 
similar  compounds,  with  1 at.  H replaced  by  1 at.  methyl  or  ethyl  (see  Carhamidb,  i. 
757). — 3.  '^'\\)\  iodide  of  methyl,  chl*>rideof  hmzoyl,  &c.,  it  forms  substitution-products 
containing  1 at.  of  an  alcoholic  or  acid  radicle  to  place  of  1 at.  hydrogen  (p.  657). 

flalit  of  Piperidine. — Piperidine  saturates  the  strongest  acids,  and  forms  crys- 
talline salts  with  sulphuric,  hydriodic,  hydrobromic,  bydr^liloric,  nitric  and  oxalic 
acids.  (Cahours.) 

The  hydrochloraU  forms  long  colourless  ncKlles,  easily  soluble  in  water  and  alcohol, 
volatilising  at  a moderate  heat  and  not  altered  by  exjKWure  to  the  m>.  The  solution 
forms  willi  trichloride  of  gold  small  neetUes  of  a fine  yellow  c»)lour,  and  with  tiira-'hio- 
ridf  of  platinum,  long  orungo-coloured  netnlles.  very  wluble  ia 

water,  less  soluble  in  alcohol  (Cahours).  With  dichloride  of  platinum  piperidine 
forms  the  compound  (C*II"X)*Pt"Cl*,  the  solution  of  which  in  a lai^e  quantity  of 
boiling  water  dc{M)sit8  the  pi)>eridine-compouDd  analogous  to  Magnus's  green  ammonio- 
cliloride  of  platinum.  (See  Pj.ATiifUM-BASEa.) 

Hydriodate  of  Piperidine,  crystallises  in  long  needles  resembling  the 

hydrochloratc.-“The  nitrate,  C*H“N.HNO*,  forms  small  needle-shapi-d  crystals. — The 
oxalate  firms  delicate  needles. 

Piperate  of  Piperidine,  C*H"N.C'*IP®0*,  is  obtained  by  dissolving  piperic  acid  in 
aqueous  piperidine,  os  a crystalline  pulp,  and  on  dilution,  in  colourless  I.aniin^  having 
a silky  lustre.  In  contact  with  the  air  or  with  oil  of  vitriol,  it  turns  yellow  from  loss 
of  piperidine.  It  melts  at  100®  without  further  alteraUon,  and  when  strongly  heated 
gives  off  piperidine  and  decomiKises.  When  heated  for  some  time  to  150®,  it  l>ecoinea 
partially  insoluble  in  water,  but  if  then  dissolvt'd  in  an  alkali,  it  yields  unaltered  pipenc 
acid  when  dwomposed  by  acids.  With  pentacbloride  of  phosphorus,  it  behaves  like 
piperic  acid.  (Babo  and  Keller.) 

The  gulphafe,  (C*n"N)*H“SO*,  obtained  by  saturating  the  base  with  sulphuric  acid, 
is  crystallisablc,  deliquescent,  and  verj’  soluble  in  water.  A solution  of  I at.  of  this 
salt,  boiled  with  2 at.  cyanate  of  jxitaasium,  yields  piperylene-carbamide  and  sulphate  of 
potassium : 

[(C‘H>*)"HN]TI'S0‘  + 2[^“|n]  - 2 [ + K>SO«. 

Compound  of  Piperidine  with  Carbonic  Diaw/pAiWr,(C*H“N)*C8*,  orPiperyl-eulphocar’ 

hamate  of  Pperylene-ammonium,  (CS)"  This  compound  is  obtained  by  carefully 

dropping  sulphide  of  carbon  into  piperidine,  and  cry-atallising  the  product  from  alcohol. 
It  crystallises  in  slender  needles  belonging  to  the  monoclinic  system. 

Suhiiitution’derivation  of  Piperidine. 
a.  Containing  Alcohol-radicles. 

Piperidine  exhibits  the  characters  of  a secondary  monamine,  inasmuch  as,  when 
heafetl  with  the  iodide  of  a monatomic  alcohol-radicle,  it  yields  the  hydriodate  of  a 
volatile  ammonia-b/ise,  which  when  s*‘para!ed  by  poljmh,  and  heated  witl^l  a monatomic 
alcoholie  iiwlide,  unites  directly  with  it,  forming  an  iodide  of  an  ammonium-base.  Its 

formula  is  therefore  |»robiib1y  ^ | N, 
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BKAtbjI-pIperidliie.  C*n.'*N  =»  {C*H'*)''(C1I*)N,  — Tho  hytiriothiU  \%  oLtainod 
bj  dropping  pippridine  into  an  equal  Tolume  of  coojcd  iodide  of  methyl : 

(C*H“)"HN  + CH>I  « (C*H'»)'(CU*)N  + HI. 

The  aqueous  solution  of  this  salt  treated  with  potash  yields  the  base  as  a transparent 
oil  of  aromatic  and  ammoniacal  odour,  soluble  in  water,  boiling  at  IIH^,  and  having  a 
vapour-density  of  3*544 ; calc.  3*431.— The  hydrochloratf,  C*H’*N.HC1,  forms  tine 
colourless  needles. — The  ehforrt^atinate,  2(C*H‘*N.HCl).PtCl*,  is  obtained  by  sponta- 
neous evaporution  of  its  alcoholic  solution,  sometimes  in  needles,  sometimes  in  orange- 
coloured  plates.  (Cahours.) 

Iodide  of  Dimetkyl-piperylene-ammoniumy  C’H’*NI  (C*H“)"(CH")*NI. 
-Methyl-piperidine  and  iodide  of  methyl  heated  together  for  sotho  days  to  100^  in  a 
sealed  tube,  unite  and  form  this  compound,  which  separates  from  alcohol  in  fine  crystals, 
and  when  heated,  either  alone  or  with  solid  potash,  partly  volatilises  undecomposed, 
and  is  partly  resolved  into  methylic  iodide  and  methyl-piperidine.  (Cahouis.) 

Stfayl-plpeH<Un«.  - C*H'»(C*H‘)N  « (C‘H'*)'(("»H*)N.— The  hydn- 

odati,  prepared  like  the  corresponding  methyl-compound,  yields  the  base  by  distillation 
with  potash,  as  a colourless  mobile  oil,  less  aromatic  than  methyl-piperidine;  lighter 
than  water,  in  which  it  is  less  soluble  than  metbyl-piperidiue,  easily  soluble  in  alcohol 
and  ether.  Boils  at  128®.  Vapour-density,  obs.  3*986;  calc.  « 3*917. 

The  hydrocJdorate,  C’H“N.HC1,  forms  l)cautiful  highly  lustrous  neetlles. — The 
rhioroptaiinate^  2(C*H‘*N.HCl).PlCP,  crystallises  from  warm  aqueous  alcohol  in  very 
beautiful  orange-coloured  crystals. 

Iodide  of  Diethyl’piperylene-ammoniumj  C*H”NI  » (C*H'*)*’(C*H*)*NI. 
— Obtained  like  the  corresponding  methyl-compound,  as  a viscid  mass,  which  dissolves 
in  all  proportions  in  water,  but  does  not  crystallise.  In  contact  with  oxide  of  silver,  it 
yields  iodide  of  silver,  and  a bitter  alkaline  solution  which  yields  by  evaporation,  deli- 
que.Hcent  crystals  of  hydrate  of  diethyUpxj^ylrne-ammonium^  resolvable  by  heat  into 
ethyl-pipondino  and  a combustible  gas.  This  hydrate  dissolves  in  hydrorliloric  acid, 
and  the  solution  when  evaporated  yields  deliquescent  crystals  of  the  hydrochlorate. — 
The  chloroplatxnate^  2C*H*NClJ*tCl\  is  precipitated  on  mixing  the  hy4k»chlorate  with 
aqueous  tetrachloride  of  platinum,  or  crystallises  on  cooling  from  a mixture  of  the 
boiling  dilute  solutions,  in  small  orange-coloured  crystals  resembling  chloroplatinate  of 
potassium.  (Cahours.) 

Amy-Uplporldlno,  ■»  (C*H'*)"(C^H“)N.— Prepared  like  the  preceding 

compounds.  Colourless  oil  boiling  at  186®,  and  smelling  like  ammonia  and  fusel-oil. 
Vapour-density,  ol*s.  5*477  ; cnle.  « 5*373.  It  is  loss  soluble  in  water  than  methyl- 
or  ethyl-piporidine ; forms  crystalliHablc  salts  with  most  acids.  Tha  hydriodate^ 
C’*n*'N.Hl,  crystallises  in  broad,  white,  shining  lamina*.  The  chlor^atinale^ 
2(C'*H”K.HCl).PtCl*,  crystallises  from  warm  moderately  dilute  alcohol  in  very  hard 
prisms  of  a fine  orange  colour.  (Cahours.) 

3.  Containing  Acid-radicles. 

Bensoplpaiide,  C'*H'*NO  C*H'*(C^H*0)N. — By  treating  piperidine  with 

chloride  of  benzoyl,  a heavy  oil  is  obtained  which,  when  treated  with  acidulated  water, 
yields  hydrochlorate  of  piperidine,  while  benzopiperide  remains  undissolved,  and 
quickly  solidifies.  >Vhen  purified,  by  recrystallisation  from  alcohol,  it  forms  beautiful 
colourless  prisms. 

Cnmyl-plperlde,  C‘*H**NO  — C*H'*(C'*H"0)N,  obtained  like  the  preceding, 
by  the  action  of  chloride  of  cumyl  on  piperidine,  forms  beautiful  tabular  ciystals. 

VXVBBZBXVB-USBA.  See  CAKBaKiDBa  (i.  757). 

VZBXUra.  C'TI'-NO*.  (Oersted,  Schw.  J.  xxix.  80.— Pelletier,  Ann.  Cb. 
Phys.  [2]  xvi.  344 ; li.  199.— Merck,  Trommsd.  N.  J.  xx.  1,  34. — Wackenroder,  Br. 
Arch,  xxxvii.  347.— Buflos,  Schw.  J.  Ixi.  22. — Varrenlrapp  and  Will  Ann.  Ch. 
Pharm.  xxxix.  283. — Th.  Wertheim,i5/rf.  Ixx.  68. — Gcrhardt,  Compt.  Cliim.  1849, 
p.  376  ; Ann.  Ch.  Phys.  [3]  vii.  253. — Anderson,  Ann.  Ch.  Pharm.  Ixxr.  82 ; Ixxxiv. 
345. — Cahours,  Ann.  Ch,  Phys.  [3]  xxxviii.  76. — Steuhouse,  Ann.Ch.  Pharm. xcv. 
106. — Von  Babo  andKeller,  J.  pr.  Chem.  Ixxii.  63. — Strecker,  Ann.  Ch.  Pharm. 
cv.  317. — Gm.  XV.  19. — Oerh.  iv.  93.) 

This  alkaloid,  discovered  by  Oersted  in  1819,  exists  in  long  and  black  pepper  {Piper 
niyrum  and  P.  lov^m\  also,  acconling  to  Stenhouse,  in  the  Mack  pepper  of  Weatern 
Africa,  Cnheba  Clusii,  which  docs  not  contain  cul>ebin.  According  to  Landerer 
(Vicrteljahrschr.  pr.  Pharm.  xi.  72),  it  exists  also  in  the  berries  of  Schinue  moUit^  a 
tr<  e belonging  to  the  torebinlhaceous  order. 

VoL.  IV.  U U 
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Preparation, — ^White  pepper  is  exhausted  with  alcohol  of  specific  gravity  0 833 ; the 
tincture  is  distilled  to  an  extract ; aud  this  extract  is  mixed  with  potash-ley.  which 
dissolves  the  resin  and  leaves  a green  powder.  The  latter  is  washed  with  water,  dis- 
solved in  alcohol  of  specific  gravity  0 833  and  crystallised.  By  repeated  crystalliwitioD 
the  pipcrine  is  obtained  colourless  (Poutet,  J.  Chim.  med.  i.  631  ; Berzel.  Lehrb. 
3 Aufl.  vii.  577). — Stonhouse  dissolves  the  extract  of  cubebe,  prepared  with  wood-spirit, 
in  alcoliol,  and  mixes  it  with  strong  potash-ley,  whereupon  a brown  oil  separates,  which 
yields  crystals  on  standing.  The  mother-liquor,  if  again  mixed  with  alcohol,  yields 
another  portion  of  oil,  which  likewise  deposits  ciystals  on  standing.  These  crystals  are 
purified  by  pressure  and  recrystnllisation. 

Winckler  (Mag.  Pbarm.  xviii.  163)  distils  the  alcohol  from  the  alcoholic  tincture 
of  long  pepper;  dissolves  the  residue  in  the  required  quantity  of  hot  alcohol ; precipitates 
the  solution  with  basic  acetate  of  lead  ; mixes  the  filtrate  while  warm  with  as  much  sul- 
phuric acid  as  is  necessary  to  precipitate  the  lead;  filters  while  warm;  distils  the 
alcohol  from  the  filtrate  ; exhausts  the  residue  with  water ; and  dissolves  the  undissolved 
portion  in  hot  alcohol,  whereupon  pipeline  ccystallises  on  cooling. 

Impure  piperine  may  be  purified  by  washing  with  absolute  alcohol,  or  better  with 
weak  potasu-ley.  (Henry  and  Plisson.) 

Pr^rties. — Piperine  crystallises  in  colourless  monocAiac  prisms,  exhibiting  the 
combination  ceP  . oP,  sometimes  with  [ ccp»  ].  Ihitioofa:6  = P468  ; 1.  Angleofin- 
clined  axes  6,  c « 70®  42'.  Angle  ooP:  ooP  (orthod.)  » 84®30';oP:  odP  76®  SO" 
(Kopp).  It  melts  at  about  100®  (Pellet ier),  at  100®  or  above  (WackenroderX 
to  a pale  yellow  limpid  oil,  which  solidifies  on  cooling  to  a pale  yellow  transparent, 
strongly  refracting  resin.  The  specific  gravity  of  fused  piperine  is  P1931  at  18®. 
(Wackeuroder.) 

Pip<*rine  is  insoluble  in  cold,  very  slightly  soluble  in  boiling  water ; soluble  in 
alcohol,  especially  when  warm,  less  soluble  in  ether.  The  alcoholic  solution  has  a 
very  hot  taste  like  that  of  pepp<*r.  It  dissolves  also  in  volatile  oils  and  in  acetic  acid, 
but  nut  in  alkalis.  The  solutions  havo  no  action  on  polarised  light. 
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Will  and  Varrentrapp  found  4 66  per  cent,  nitrogtm.  Regnault  (Ann.  Ch.  Phys. 

i2]  Ixriii.  158) first  gave  the  correct  formula,  which  was  oorrol)orRted  by  Lauren  t (ihid. 
3J  xix.  363),  andfinnlly  settled  by  Stn‘ckor’s investigation.  Older  formuhe  : C**A//**0* 
(Pel  let  ler);  (Lieb  ig,  Ann.  Ch.  Pharm.  vi.  36);  C’*A’*^*"0'*(Gerhardt); 

C^oA^^/Z^O^lWertheim);  (v.  Babo  aud  Keller).  Compare  also  0. 

Henry  and  Plisson  (J.  Pharm.  xvii.  449). 

IkcomposituniA. — 1.  Piperine  blackens  by  dry  distillation,  and  yields  a brown  empy- 
reumatic  oil,  from  which  carl>onato  of  ammonium  crystallises  (Omelin). — 2.  Heated 
in  a platinum  spoon,  it  melts  like  wax.  takes  fire  at  a stronger  heat,  and  leaves  an 
easily  combustible  charcoal  (Merck). — 3.  Piperine  suspended  in  acidulated  water 
and  exposed  to  the  action  of  the  c/ectric  current,  is  violently  attacked,  as  also  by  hot 
coDCentrutcd  nitric  acid  (Hlasi  wetz  and  Rocbleder,  Wien.  Akad.  Ber.  v.  447).— *It 
is  colouriMi  blood-red  by  oi7  of  litriol,  loses  this  colour  on  addition  of  water,  and,  if  the 
action  of  the  oil  of  vitriol  has  not  been  continued  for  a very  long  time,  does  not 
appear  to  be  sensibly  altered  (Pelletier).  Bromine  converts  piperine  into  a pecu- 
liar, non-crystalline  product  (Gcrhardt).  Iodine  acts  upon  it  only  when  the  two 
are  fused  blether,  forming  a dark  black-brown  mass,  which  hamens  on  cooling 
(W ackenroder). — C.  Bitric  acid  colours  piperine  greenish-yellow,  orange,  and  then 
red;  dissolves  it  with  a yellow  colour,  the  solution  yielding  Sirty  yellow  fiakes  when 
mixed  with  water;  an!  on  further  action,  produces  oxalic  acid,  together  with  a yellow 
artificial  bitter  (Pelletier,  Oersted,  Wackenroder).  Strong  nitric  acid  forms 
an  orange-red  resin,  winch  partly  dissolves  with  deepening  colour  when  heated.  The 
solution  no  longer  yields  pij)erino  when  treated  with  water  or  alkalis  (Du  flos).  The 
brown  resin  which  is  protluced  from  piperine  by  nitric  acid,  with  violent  action,  evolu- 
tion of  nitrous  acid,  and  the  odour  of  bitter  almond-oil.  assume.s  a splendid  blood-red 
colour  when  treated  with  hydrate  of  potassium,  and  when  boiled  tnert*with  yields  a 
distillate  of  piperidine  (Anderson).  Von  Babo  and  Keller,  by  treating  piperine 
with  nitron*  acid,  and  subsequently  distilling  it  with  potash-ley,  obtain^  volatile 
needles  which  had  the  odour  of  coumarin,  melted  in  boiling  water,  dissolved  in  alcohol 
and  ether,  and,  after  fusion  with  hydrate  of  potassium,  gave  the  reaction  of  salicylic 
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ncid  with  ferric  chloride.^7.  By  boiling  with  aJcoholiej>otash,  piperine  is  conTerted  into 
piperidine  and  pipente  of  potassium  (p.  663).  When  distilled  with  poituK-Hme  it 
yields  piperidine,  together  with  other  planets.  If  the  tempemtore  does  not  rise  above 
160° — 16(1°,  no  ammonia  is  given  off,  and  the  brown  residue  contains  an  asotised  acid 
which  may  be  separated  by  hydrochloric  add;  it  is  yellow,  resinous,  and  becomes 
strongly  electric  by  friction.  If  the  mixture  of  piperine  and  lime  is  heated  to  200°,  it 
gives  off  ammonia,  and  the  residue  often  contains  an  uncrystallisable  non-azotised  add 
(Wertheim).  Piperine  heated  with  hydrate  of  potaeeium  melts,  gives  off  a sharp 
odour  of  pepper,  and  yields  a milky  aqueous  distillate ; at  a stronger  heat,  it  gives  on 
hydrogen  and  finally  ammonia  (Gerhardt). — 8.  Piperidine  heated  with  acid  chromate 
of  potaeeium  and  ^phuric  acid  gives  off  a large  quantity  of  carbonic  anhydride  and 
yields  a slightly  acid  aqueous  distillate  which  reduces  nitrate  of  silver  (Gerhardt). 
2.  Permanganate  of  potaeeium  added  to  a solution  of  piperine  mixed  with  snlphurie 
acid,  colours  it  green  after  a few  boors  (Daflos).~10.  rhoephomU^bdie  acid  colours 
piperine  brown*yellow,  and  precipitates  it  in  flocks  (Sonnenscbein).  Piperine  also 
forms  a yellow  precipitate  with  phoephantimonie  acid  (p.  498X 

Salts  of  Piperine.  Piperine  is  but  a weak  base,  and  does  not  form  salts  with 
all  acids. 

Jiydrochlorate. — Piperine  absorbs  from  13*0  to  13*7  per  cent,  hydrochloric  acid  gas, 
forming  a product  which  melts  and  crystallises  on  cooling,  dissolves  in  alcohol,  but  is 
decomposed  by  water. 

The  chloromercuraie^  2C**H'*NO*.HC1.Hk'C1*,  is  obtained  by  mixing  a solution  of 
1 pt.  piperine  in  strong  alcohol  slightly  acidulated  with  hydrochloric  acid,  and  2 pts. 
of  mercuric  chloride  also  dissolved  in  alcohol,  and  leaving  the  mixture  at  rest  for 
several  days.  It  then  deposits  the  mercury-salt  in  yellow,  shining,  transparent, 
triclinic  ciystals  which  become  darker  when  exposed  to  the  air  or  heated  to  100°. 
(For  details  of  the  crystalline  form,  see  Schabus,  Beetimmung  der  KryetaUgeetalten^ 
&c.,  p.  198;  also  Gm.  xv.  23.)  The  salt  is  insoluble  in  water,  slightly  soluble  in 
strong  hydrochloric  acid  and  in  cold  alcohol,  more  soluble  in  boiling  alconoL 

ChUiroplatinate^  4C”H'*NO*.2HCLPt‘’Cl*. — Obtained  in  lai^,  roseate,  monoclinie 
crystals,  by  mixing  a concentrated  alcoholic  solution  of  pi{>erino  with  a concentrated 
alcoholic  solution  of  platinic  chloride  acidulated  with  strong  hydrochloric  acid.  It  is 
very  slightly  soluble  lu  water,  and  appears  to  be  partially  decomposed  by  a large 
quantity ; moderately  soluble  in  boiling  alcohol,  whence  it  sejparates  on  cooling  as  an 
orange-coloured  ciystallino  powder.  It  may  be  dried  at  100°  without  alteration,  but 
melts  and  decom^x>ses  with  intumescence  at  a higher  temperature. 

Iodide  of  Ptperine. — Piperine  unites  with  iodine,  forming  shining,  bluish-black 
needles,  soluble  in  alcohol  and  containing  4C'’H‘*NOM*.  (Weltaien,  Zueammenetd- 
lung^  p.  562  ) 

PZPS&XTXlv  OZtSintt  BdOTTBJEt  volatile  oil  of  peppermint,  is  prepared  by 
distilling  the  herb  of  Mentha  piperita  with  water.  It  is  a transparent,  usually 
colourless,  but  sometimes  grckenish  oil,  very  mobile,  having  a pungent  odour  and  an 
aromatic  burning  taste  u*ith  cooling  afler-taste.  Specific  gravity  •>  0*902 — 0*91 
(Blanchet  and  Sell) ; 0*899  after  several  rectifications  (Kano):  0*9028  at  14*6° 
(Gladstone),  For  the  refractive  and  optical  rotatory  power, accotding  to  Gladstone, 
sec  Oils,  voiJiTiLB  (p.  189).  Boiling  point  188° — 193°  (Kane).  When  exposed  to 
cold,  or  submitted  to  fractional  distillation  it  deposits  Peppermint-camphor  or  Men- 
thol, C**H**0  (iii.  880),  in  quantities  varying  accoHing  to  its  origin.  The  permanently 
liquid  portion  of  the  oil  has  the  composition  according  to  Blanchet  and 

Sell;  according  to  Kane  (J.  pr.  Chem.  xx.  439). 

A HB  AMX1»»  Piperyl-carbamide  or  Piptryl’Urea.  (See 

CxaBxiaox,  i.  7570 

PZPntTXAWa-SVUHOCAMAaCZC  ACZB.  See  PtFERlDlKB  (p.  666). 

PXPB8TOSrs«  A variety  of  clay-slate. 

PXFBTT8.  A vessel  with  a bulb  and  narrow  nock  used  for  transferring  liquids 
(See  Axaltsis,  Volumetric,  i.  266.) 

PX&BSrzsZTB.  Iron  lime-gamet. 

PXSOFB.  Syn.  with  Pybopb. 

PZBASrZTS.  A native  sulphate  of  copper  and  iron  found  in  a cave  near  a bed  of 
cupriferous  pyrites  in  Turkey.  It  gave  by  analysis  16*66  per  cent  Cu"0,  10*98  Fe"0, 
29*90  SO*  and  43*56  water,  agreeing  with  the  formula  (Cu  ; Fe)"S0*.7H*0.  (Pisan i, 
Jabresb.  1869,  p.  811.) 

PXSOXim.  Syn.  with  Pbxstokb  (p.  360.) 
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PISSOPIIANE— PITTACAL. 


rXSSOrHASra.  An  amorphous  or  atalactitic  mineral  occnrring  at  Gamailerf 
near  Saalfeld,  and  at  Reichenbach  in  tioxony,  consistingof  basic  alnminico-frrric  aulphate. 
Hardness  = 1'6.  Specific  gravity  1-93— 198.  It  is  transparent,  with  oliTe^5re«n 
colour  and  vitreous  lustre ; veiy  fragile  and  exhibits  a conchoi'dal  fracture.  It  has  beea 
analysed  by  Erdmann  (Schw.  J.  Ixii.  104),  with  the  following  reaults: 


1. 
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Nos.  1 and  2 are  probably  3MK)>.SO'.16H>0  or  more  exacUy  6M*O».2SO*.30HK) ; 
No.  3 is  2M*O*.S0M6U’0.  (Dana,  ii.  390.) 

PZSTACXA^  The  berries  of  Putacia  Zcnttscas,  a terebinthaceous  plant  common 
in  Algeria,  yield  when  comminuted  and  boiled  with  water,  from  20  to  25  per  cent,  of 
a dark  green  sharp-tasting  fat,  which  melts  completely  at  32° — 34°,  and  may  be 
resolved,  by  partial  solidification  and  decantation  of  the  still  fiuid  portion,  into  a whits 
crystalline  fat  melting  at  34° — 35°,  and  a dark  green  fat  remaining  fluid  at  0°, 
(Leprieur,  R5p.  Chim.  app.  ii.  328.) 

VZSTACITB.  Lime  and  iron  epidote  (iL  390.) 

VZSTOBiaSZTa.  Syn.  with  Mnsirnc-spaB  (iii.  928). 

VZTOB.  Foil.  Peck.  This  term  is  applied  to  a variety  of  solid  resinous  sub- 
stances which  are  generally  of  a dark  colour  and  brilliant  lustre.  The  common  kinds 
of  pitch  are  obtained  from  some  one  or  other  of  the  various  kinds  of  tar  produced  in  the 
destructive  distillation  of  wood,  coal,  &c.,  and  are  prepared  by  evaporating  ofiT  from  the 
tar,  the  liquid  oily  substances  mixed  with  the  solid  resinous  matters,  until  the  residnnm 
has  the  desired  consistence. 

A certain  amount  of  jotch  may  in  this  way  bo  obtained  from  all  kinds  of  tar ; but  as 
a rule,  the  tar  produced  in  destructive  distillation  at  high  temperatures,  and  that 
obtained  from  highly  resinous  wood  and  from  caking  coal,  even  at  comparatively  low 
degrees  of  heat,  contains  a much  laiger  proportion  of  the  solid  resinous  substances 
which  constitute  pitch,  than  the  tor  pr^uced  at  a low  red  heat,  or  obtained  from  bitu- 
minous minerals  which  do  not  cake  or  undergo  a kind  of  partial  fusion  when  heated. 
(Bee  Tar.) 

Fitch  is  generally  prepared  cither  from  Archangel,  Stockholm  and  American  tar,  or 
from  that  kind  of  coal-tar  produced  in  the  manufacture  of  illuminating  gas.  Besides 
these  kinds  there  are  several  varieties  of  pitch  which  occur  native  and  are  commonly 
termed  mineral  pitch.  (See  Asphalt,  i.  425.) 

Little  is  known  of  the  chemical  history  of  the  several  varieties  of  pitch ; but  in  general 
their  constitution  is  probably  more  or  less  analogous  to  that  of  other  resins,  and  like 
these  latter,  they  present  specific  dilferenees  in  their  behaviour  with  solvents,  &e. 
Another  kind  of  pitch,  called  Suiyundy  pitch,  is  employed  in  medicine,  and  is  the  melted 
resin  of  Ahitiis  raina  or  Thu».  It  is  of  a yellowisu-white  colour.  B.  H.  P. 

rXTCa,  MTXrBSAX,  Syn.  with  BmiHsir. 

PXTCBB&BJSnB.  Native  oxide  of  uranium  (see  UsAmuii). 

PXTCBSTOVB,  A felspathic  rock  (ii.  623)  containing  excess  of  silica,  and 
having  a pitchy  rather  than  a glassy  lustre. 

PITCHY  ZHOH  OHH,  A term  applied  sometimes  to  triplite  (p.  571),  some- 
times to  pitticite  (iu/ra),  sometimes  to  a variety  of  brown  haematite. 

PITH  AHA  wriTH.  A dark  green  mineral  from  Pitkiiranta  in  Finland,  consiat- 
ing  of  an  altered  hornblende,  occurring,  according  to  Scheercr,  in  crystals  having  the 
form  of  augite,  and  splitting  into  thin  plates  parallel  to  the  orthodiagonal.  Contains, 
according  to  an  analysis  by  R.  Richter : 6125  per  cent  SiO*  0'41  AFO’,  1271  Fe'O, 
0'83  Mn*0,  13'30  Mg'O,  917  Ca"0  and  2 52  water.  (Ramnulsber^ t Minei^chtmie, 
p.  498.) 

PZTOTXHH.  An  alkaloid  obtained,  according  to  Feretti  (J.  Pharm.  Oct.  1835, 
p.  513),  from  China  Pitoya,  which  ia  probably  identical  with  China  bicolor  or  Ch. 
Tecama.  It  is  soluble  in  water,  alcohol,  and  ether,  and  has  a slightly  bitter  taste,  which 
is  stronger  in  the  aqueous  or  alcoholic  solutions  of  its  salts.  It  melts  at  100°,  and 
partly  volatilises  at  a higher  temperature  in  very  bitter  vapours  which  condense  in 
prismatic  crystals.  It  is  decomposed  by  hot  strong  nitric  acid.  It  is  said  to  be  a 
febrifuge.  (Handw.  d.  Chem.  vi.  540.) 

PITTACAXi  (from  wItto,  pitch,  and  na\6s,  ornament  or  beauty).  One  of  the 
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numerous  substaoces  discorered  by  ReicheDbach  in  the  course  of  his  researches  on  the 
oils  produced  by  the  distillation  of  wood-tar.  Its  composition  is  unknown.  It  is 
obtained  by  acting  on  the  heaviest  or  least  volatile  portion  of  the  oil  first  with  potash, 
until  the  free  acids  are  nearly  neutralised,  and  then  with  baryta-water.  In  this 
manner  a deep  blue  colour  is  formed.  This  blue  substance  is  pittacal,  probably  in  a 
very  impure  condition.  In  the  solid  state  it  possesses  a coppeiy  or  bronze-like  lustre ; 
but  this  property  is  not  characteristic,  as  it  is  shared,  not  only  with  almost  all  coal-tar 
colours,  but  also  with  indigo  and  prussian-blue. 

I’ittacal  appears  to  have  decided  basic  characters,  for  it  is  dissolved  by  acids  and 
precipitated  by  alkalis.  It  is  tasteless,  inodorous,  and  not  volatile  without  decomposi- 
tion. It  is  insoluble  in  water,  alcohol,  or  ether,  and  no  process  is  known  by  which  it 
can  be  separated  from  other  substances,  or  its  parity  ascertained.  It  forms  a species 
of  lake  with  alumina,  and  is  said  to  dye  a fast  blue  on  vegetable  tissues  mordanted  with 
tin  or  alumina.  Its  acid  solutions  are  reddish ; but,  when  diffused  in  water,  it  is  said 
to  liave  a greenish  tint 

In  many  of  its  reactions,  it  resembles  the  colouring  matters  formed  by  acting  with 
oxide  of  silver  or  alkalis  on  the  iodides  of  the  ammoningi-bases  derived  from  certain 
tertiary  monaroines.  Indeed  the  late  Dr.  Gregory  in  the  last  edition  of  his  **  Organic 
Chemistry”  (p.  471),  suggesls  that  the  beautiful  coloured  compounds  obtain^  by 
treating  iodide  of  ethyl -chinolyl-amroonium  with  oxide  or  sulphate  of  silver,  may  bo 
identical  or  homologous  with  pittacal.  But  it  must  not  be  forgotten  that  those  coloiirs 
were  yielded  only  by  the  bases  derived  from  the  products  of  the  distillation  of  cin- 
chonine, and  that  the  same  products  cannot  be  procured  from  the  isomeric  bases  of  the 
leucolinc  series.  On  the  other  hand,  the  reactions  which  ocenr  during  the  formation  of 
the  blue  obtained  by  acting  on  a solution  of  iodide  of  pelamino  (iii.  673)  with  potash 
or  ammonia,  remarkably  resemble  the  phenomena  observed  in  the  production  of 
pittacal.  (Sec  AMTL-cnncoLrKs,  i.  873.)  The  insolubility  in  alcohol  appears  to  be 
the  chief  distinction  between  pittacal  and  the  coloured  derivatives  from  coal-tar  or 
cinchonine. 

On  treating  the  heaviest  bases  from  coal-tar  with  solid  potash  in  the  process  for 
rendering  them  anhydrons,  the  fluid  (ascertained  to  be  free  from  cop^^cr)  often 
becomes  of  a light  blue  colour,  which  seems  to  indicate  the  presence  of  a substance 
allied  to  the  bedy  from  which  pittacal  is  derived. 

The  interest  attaching  itself  to  pittacal  is  rather  increased  than  lessened  by  the 
n*searches  which  have  Wn  made  upon  the  colouring  mutters  of  coal-tar,  because  they 
appear  to  show  that  wood-tar  may  eventually  become  a source  of  new  colours.  At  the 
same  time,  the  comparatively  small  amount  of  nitrogen  in  wood,  while  limiting  the 
formation  of  alkaloids,  points  to  the  heurier  and  less  Imown  non-b^ic  oils  as  the  chief 
source  of  new  derivatives.  C.  G.  W. 

FXTTZCITB.  PUtitiU.  Iron  tinier,  Diartenait  of  Iron.  Pitehv  Iron  ore.  AStsm- 
peehere. — An  arsenato-sulphate  of  iron  ocenrring  in  reniform  masses,  caving  a yellowish 
or  reddish-brown,  blood-rra,  or  white  colonr,  yellow  streak  and  vitroons  lustre ; trana- 
Incent  to  opaque ; hardness  » 2 to  3 ; specif  gravity  «•  2*2  to  2*6. 

Analytet.—  a.  FromFreiberg(Stromeycr,  Gilb.  Ann.lxi.181). — 6. From Schwarren- 
berg  in  Saxony  (Rammelsberg,  Pogg.  Ann.  Ixxii  139). — c,  d.  From  SieglitzstoUen 
in  me  Kadhansl^rg,  near  Gastein:  yellow  (Rammelsberg) : 
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HnSO*. 

H«0. 

a.  26  06 

10-04 

33  10 

0*64 

29-28 

99-10 

A.  26-70 

13-91 

34-85 

24  54 

V 

100 

e.  24-67 

5-20 

54-66 

, , 

16-47 

a 

100 

d.  26-45 

4-36 

58-00 

• . 

12-69 

103-40 

Those  analyses  show  that  the  mineral  is  of  varying  composition.  Analysis  a may  bo 
represented  by  the  formula  (3Fe*0*.2As*O*).(Fc*O*.2SO*).30H*O ; which  contains  the 
same  salts  as  diadochite;  b by  (3FeKP.2As*^).(Fe^*.3S0*).24H*0,  containing  1 at. 
60*  more  than  the  preceding;  e and  d nre  mixtures. 

PXTTXVXTS.  An  impure  variety  of  pitchblende. 

PUIOXOVZTS.  A Bulphanrimonite  of  lead  occurring  at  Wolfsberg  in  the  Harts, 
in  monoclinic  crj’stals  having  the  axes  a : h : c 0*8802  : 1 : 0*37016.  Angle  of  in- 
clined axes  ■«  72°  28*.  ooP:  ocP  85°  26’;  oP:  [Poo]  “ 158°  9*.  Observed  com  bi- 
nation,  2P  . oP  . P . ODpoo.  The  crystals  are  thick  tubular;  the  face  oP  shining 
and  smooth,  the  others  striated.  Cleavage  pamlb  l to  2P,  perfect.  The  mineral  occurs 
also  massive,  granular.  Hardness  » 2*6.  Specific  gmvity  = 6*4.  Lustre  metallic. 
Colour  bluckiah  Icad-grcy.  Opaque.  Brittle.  Before  the  blowpipe  it  decrepitat«>8 
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And  melts  easiljr^  giving  off  fames  of  sulphur  and  antimouious  oxide,  and  coating  the 
charcoHl  with  oxide  of  lead. 

According  to  an  analysis  by  H.  Rose  (Pogg.  Ann.  xxTiii.  428),  it  contains  21*53  per 
cent,  sulphur,  37'94  antimony,  and  40*52  leaf  agreeing  most  nearly  with  the  formoU 
Pb*Sh*S‘'  = 6Pb**S.4Sb*S*,  which  requires  21*10  per  cent,  sulphur,  87*86  antimooj, 
and  40*74  lead. 

FXASra&m.  A mineral  consisting  of  hydrated  aluminic  phosphate  with  cnpric 
and  ferric  hydrates,  occurring  in  fissures  of  disintegrated  quartz  at  Gumeechefak  in 
the  Ural,  in  botryoidal  aggregations  haying  an  indistinct  fibrous  structure,  a groen 
colour  in  the  recent  state,  translucent  on  the  edges.  Specific  gravity  « 2*65.  It  is  but 
slightly  attacked  by  acids,  but  easily  by  caustic  potash  or  soda,  which  dissolves  the 
phosphate  of  aluminium,  leaving  a brown  residue.  Analysis  gave  33*94  per  cent. 

37*48  A1*0»,  3*78  Cu’O,  3*62  Fe^O  and  20*93  H*0  («  99*59X  answering  to 
the  formula  4(3A1’0*.2P*0» 9H*0).3(Cu  ; Fe)'H’0*.  (R  Hermann,  Jahresb.  1M2, 
p.  764.) 

PlUUfTAOO.  The  as^  of  the  sea^side  plantain  {Plantago  fnaritima)  has  been 
analysed  by  E.  Harms  (Janresb.  1868,  p.  611X  H)0  pta.  were  found  to  contain  4*97 

per  cent,  eulphnric  anhydride,  0*68  phosphoric  anhydride,  3*76  silica,  2*28  ferric  phos- 
phate, 1*13  aluminic  phosphate,  62*63  chloride  of  s^ium,  10*37  chloride  of  potasrinm. 
4*71  magnesia,  6 69  lime,  and  3*08  potash.  10  ) pts  of  the  green  plant  yielded  79*52 
))ts.  water ; 1 00^  pts.  of  the  fresh  plant  gave  3*9 1 per  cent,  ash ; the  plant  dried  at 

100°  19  12  pts. 

»X.AJrrB,  CBBUCXSTS-r  or.  8ee  PHTTO-CHmtsTBT  (p.  636). 

PS«ASIKIA.  A faint  translucent  chalcedony,  approaching  jasper,  having  a greenish 
colour  sprinkled  with  yellow  and  whitish  dots,  and  a glistening  lustre. 

The  Xi^rm  plasma  is  also  applied  to  the  simplest  form  of  organised  matter  in  the 
vegetable  or  animal  body,  out  of  which  the  several  tissues  are  formed. 

rXtASMnf.  A name  applied  by  Denis  (Compt.  rend.  lit.  1239;  Jahresb.  1861, 
p.  726)  to  a constituent  of  the  blood  to  which  ho  supposes  the  property  of  spontancoas 
coagulation  to  be  doe.  It  is  extracted  from  perfectly  fresh  blo^,  by  adding  a satu- 
rate solution  of  sulphate  of  sodium  of  the  vol.  of  human  bloodX  filtering  the  super- 
natant liquid  from  the  blood-globules  ^ter  some  hours,  and  saturating  it  with  pulverised 
chloride  of  sodium.  The  plasmin  then  separates  in  flocks.  It  is  soluble  in  water,  is 
not  altered  by  carefbl  drying  at  40°,  but  loses  its  solubility  in  water  when  heated  to 
100°,  or  by  contact  with  aci^  and  alkalis,  even  when  very  dilute.  The  solution  in  15 
to  20  pts.  water  solidifies  after  a few  minutes  to  a colourless  transparent  jolly,  which 
by  pressure  between  paper  is  converted  into  fibres  of  fibrin. 

PX»ASTBS.  A pharmaceutical  term  for  lead-soaps  (iii.  660X 

P:LA8TZB  OT  PA&Z8«  Gypsum  heated  and  ground  up.  It  is  thereby  ren- 
dered anhydrous,  and  when  subsequently  mixed  with  water,  quickly  takes  up  the 
W'ater  of  hydration  which  it  has  lost,  and  is  converted  into  a hard  substance  which  ex- 
pands in  solidifying,  so  that  it  accurately  fits  into  any  mould  into  which  the  pasty  mix- 
ture is  poured ; hence  it  is  mnch  used  for  taking  casts  of  statues,  medals,  6cc.  (See 
Gtpsuh,  ii.  903.) 

PZtATA  AZXTXi.  A term  applied  in  the  Mexican  mines  to  an  ash-grey  or  black 
mineral  regarded  as  carbonate  of  silver ; also  called  Sslbitb. 

P3LATA  VBABB.  Native  bromide  of  silver.  (See  Siltkk.) 

PXtATAimfOlfZUltK.  A hypothetical  base,  N^fPt**,  supposed  to  exist  in  the 
diammonio-platinous  compounds.  (See  Platikcm-basxs.  ) 

P^TABBWTHTIOTM.  AsXC>H*)*Pt'.  (See  ABSKsnc-RXDiCLBs,  OsoAKic, 
i.  400.) 

PXtATZHA.  The  old  name  of  Platinum. 

PZJITZVXC  and  PZ»ATZVOVS  COMCPOUms.  (See  PLxnirrK,  p.  666.) 

PabATXWM.  Atomic  Wright  Sgmbol  Pt.  This  metal  was  discovered  in 

the  auriferous  sand  of  certain  rivers^  in  America.  Its  name  is  derived  from  the 
Spanish  word  platina^  u diminutive  of  plata,  silver,  and  was  applied  to  it  on  aocount 
of  its  whiteness.  It  occurs  in  the  form  of  romided  or  flattened  grains  of  a metallic 
lustre.  It  has  been  found  in  Brazil,  Mexico,  California,  Oregon,  St.  Domingo,  and 
oil  the  eastern  declivity  of  the  Ural  chain  ; in  small  quantity  also  in  certain  coppier-ores 
from  the  Alps  ; it  is  eveiy’where  associaUil  with  the  debris  of  a rock,  easily  recognised 
as  belonging  to  one  of  the  corllebt  volcanic  formations. 
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The  grains  of  native  platinum  contain  from  75  to  87  per  cent,  of  that  metal,  a 
quantity  of  iron  generally  sufficient  to  render  them  magnetic,  from  I to  1 per  cent,  of 
palladium,  but  sometimes  much  less,  with  smaller  quantities  of  copper,  rhodium, 
osmium,  indium,  and  ruthenium.  To  separate  the  platinum  from  these  bodies,  the  ore 
is  digested  in  a retort  with  hydrochlonc  acid,  to  which  additions  of  nitric  acid  are 
made  from  time  to  time.  When  the  hydrochloric  acid  is  nearly  saturated,  the  liquid 
is  evaporated  in  the  retort  to  a syrup,  then  diluted  with  water,  and  drawn  off  from  the 
insoluble  residue.  If  the  mineral  is  not  completely  decomposed,  more  nitro-muriatic 
acid  is  added  and  the  distillation  continued.  A portion  always  remains  uiulissolved, 
consisting  of  grains  of  a compound  of  osmium  and  iridium  (iii.  324  ; iv.  240),  and 
little  brilliant  plates  of  the  same  alloy,  besides  foreign  mineral  substances  which  may 
he  mixed  with  the  ore.  The  solution  is  generally  deep  red,  and  emits  chlorine  from 
the  presence  of  tetrachloride  of  palladium ; to  decompose  which,  the  liquid  is  Imiled, 
whereupon  chlorine  escapes,  ana  the  palladium  is  r^uced  to  dichloride.  Chloride 
of  potassium  is  then  added,  which  precipitates  the  platinum  as  a sparingly  soluble 
double  chloride  of  platinum  and  potassium,  leaving  the  palladium  in  solution.  The 
precipitate,  which  has  a yellow  colour  if  pure,  but  red  if  it  is  accompanied  by  the 
double  chloride  of  iridium  and  potassium,  is  collected  on  a filter,  and  washed  with 
a dilute  solution  of  chloride  of  potassium.  igniting  this  double  salt  with  twice  its 
weight  of  potassic  carbonate  the  platinum  is  reduced  to  the  mctiillic  state,  while 
a portion  of  the  iridium  remains  as  trioxide.  The  soluble  potassium  salts  are 
then  removed  by  washing  with  hot  water,  and  the  platinum  is  dissolved  by  nitro- 
muriatic  acid,  whicli  leaves  the  trioxido  of  iridium  undissolvcd.  To  complete  the 
separation  of  the  iridium,  the  precipitation  by  chloride  of  potassium  and  ignition 
with  carbonate  of  potassium  may  require  to  be  repeated  several  times.  The  platinum- 
solution  thus  freed  from  iridium  is  mixed  with  sal-ammoninc,  which  throws  down  a 
ypllow  precipitate  of  the  doable  chloride  of  platinum  and  ammonium.  From  this  pre- 
cipitate, when  heate<l  to  reduess,  chlorine  and  sal-ammoniac  are  given  off,  and  the 
platinum  remains  in  the  form  of  a loosely  coherent  mass,  calle<l  fpon^y  platinum. 
When  it  is  not  required  to  have  platinum  absolutely  pure,  the  solution  first  obtained 
from  the  ore  is  precipitated  by  sal-ammoniac,  and  the  precipitate  is  treated  in  the 
manner  just  described  : much  of  the  platinum  of  commerce  is  obtained  in  this  way. 
The  small  trace  of  iridium  which  is  left  in  commercial  platinum  greatly  increases  iU 
hardness  and  tenacity. 

Platinum  is  too  refractory  to  be  fused  in  coal  furnaces : but  at  a high  temperature  its 
particles  cohere  like  those  of  iron,  and  it  may,  like  that  metal,  be  welded  and  thereby 
rendered  malleable.  For  this  purpose  the  spooCT  platinum  obtained  by  igniting  the 
chloroplatinate  of  ammonium,  is  rubbed  to  powder  very  gently  between  the  hands, 
pressed  through  a linen  bug,  and  the  coarser  particles  which  remain  in  the  bag  are 
triturated  in  a wooden  mortar  with  a wooden  pestle,  not  with  any  harder  sulistanee, 
because  the  platinum  would  then  acquire  the  metallic  lustre,  and  would  not  weld  so 
easily  as  in  the  contrary  case.  The  powder  is  finally  triturabd  with  water,  and  the  finer 
particles  separated  from  the  coarser  by  elutriation.  The  whole  of  the  finer  powder  is 
then  mixed  up  with  water  to  a uniform  paste,  and  pre«sc*d  into  a brass  cylinder  6j 
inches  high,  1*12  inch  in  diameter  at  top,  and  1*23  at  bottom,  and  baring  its  lower 
and  wider  end  accurately  closed  with  a steel  stopper,  which  goes  in  I of  an  inch, 
and  is  wrapped  round  with  bibulous  paper,  by  which  the  running  off  of  the  water  is 
facilitated.  The  interior  of  the  cj'Iindcr  is  smeared  with  grease,  and  the  cylinder 
being  placed  in  a glass  full  of  water,  is  itself  filled  with  water,  and  then  completely 
filled  with  the  platinum-paste.  In  this  manner  all  cavities  and  inequalities  are 
avoided.  On  the  platinum-paste  is  laid,  first  a sheet  of  blotting-paper,  then  a layer  of 
woollen  cloth,  and  part  of  the  water  is  pressed  out  of  it  by  means  of  a wooden  cylinder 
held  iu  the  hand.  A plate  of  coptx'r  is  then  laid  upon  the  paste,  so  that  the  cylinder 
may  be  introduced  in  a horir/intal  position  into  a rer}'  powerful  lever-press,  in  which  a 
stamp  presses  on  the  copper  plate.  After  the  pressure,  the  steel  stopper,  which  closes 
the  lower  end  of  the  cybnder,  is  taken  out,  and  after  it  the  now  solid  cake  of  platinum. 
The  cake  is  boated  to  redness  to  drive  off  the  remaining  water  and  the  grease,  and 
render  it  more  compact.  It  is  then  placed  in  an  air-furnace  having  a very  strong 
draught  and  fed  with  good  coke,  and  exposed  for  twenty  minutes  to  an  intense  heat, 
whicn  is  diminished  during  the  lust  five  minutes.  In  the  furnace,  the  cake  is  laid 
by  one  of  its  ends  on  a plate  of  refractory  clay  strewn  with  pure  sand,  and  placed 
2}  inches  above  the  grate,  and  a cylindrical  pot  is  inverted  over  it  in  such  a manner 
us  not  to  touch  the  platinum  at  any  point.  The  cuke,  while  still  red  hot,  is  taken 
from  the  furnace,  laid  down  on  one  of  its  bases,  and  struck  repeatedly  on  the  other  with 
a heavy  hammer.  Should  it  bend,  it  must  not  on  any  account  be  hammered  on  the 
side,  as  that  would  break  it,  but  must  be  straightened  bv  well-directed  blows  on  the 
ends.  When  the  coke  has  been  sufficiently  condensed  by  this  treatment,  it  may  be 
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brought  into  any  reqaired  form  by  heating  and  hammeHng,  juat  like  any  other  ductile 
metal.  If  the  platinum  has  b^ine  corered,  while  in  the  fire,  with  ferniginoos 
scales,  it  must  be  coated  with  a moist  mixture  of  equal  measures  of  borax  and  cream 
of  tartar ; heated  to  redness  in  an  air-fumace  on  a platinum  tray»  orer  which  an 
earthen  pot  is  inverted  ; and  immersed,  while  still  hot,  in  dilute  sulphuric  acid,  which 
dissolves  the  flux  in  a few  hours. — The  specific  gravity  of  the  cake  (with  its  in- 
tersiices),  after  pressure,  is  about  10  0;  after  strong  ignition,  from  17'0tol7*7;  after 
bamm^'ring,  21 ‘26;  after  drawing  out  into  thick  wire,  21*4  ; and  after  drawing  oat  into 
very  thin  wire,  2 1 ‘5.  (W  oil  as  ton.) 

Commercial  platinum  prepared  as  above  described  is  never  qnite  pore,  always 
nnaining  small  quantities  of  osmium  and  silicium.  To  free  it  from  tbiwe  imparities, 
and  at  the  same  time  to  render  it  more  compact  and  free  from  pores,  Doville  and 
Debray  fuse  it  by  means  of  a hydrogen  or  4X>al-ga8  fiame  fed  with  oxygen,  in  the 
lime-furnace  represented  in  fi^rps  733,  734  (p.  312),  The  osmium  is  then  driven  off 
as  OKniic  tetroxido  and  the  silicinm  passes  to  the  state  of  calcic  silicate,  which  melts  to 
a colourless  bead,  and  is  ultimately  absorbed  the  walls  of  the  furnace.  Iron  and 
c<>ppi‘r  also,  if  present  in  the  platinum,  are  oxidised  and  form  fusible  slags,  which  are 
abwirbed  by  the  lime. 

Deville  and  Debray  have  likewise  introduced  the  following  new  process  for  the  ex- 
traction of  platinum  from  its  ores  in  the  diy  way.  A small  reverberatory  furnace,  the 
bed  of  which  is  composed  of  a hemispherical  cavity  of  fire-brick  lined  with  clay,  is 
heated  to  full  n^dness,  and  a charge,  consisting  of  2 cwf.  of  the  platinum  orv  mixed 
with  an  equal  weight  of  galena,  is  added  in  small  quantities,  stirring  with  iron  rods  till 
the  platinum  and  lead  ores  have  combined  into  a matt  A small  quantity  of  glass  is 
thrown  in  to  act  as  a flux,  and  by  degrees  a quantity  of  litharge  is  added  equal  in 
weight  to  the  galena.  The  sulphur  of  the  galena  is  thereby  completely  oxidis^  and 
6zp<^-lled,  whilst  the  lead  of  the  galena  and  the  litharge  is  reduco<l  to  the  metallic  state, 
and  unites  with  the  phitinum,  forming  an  cosily  fusible  alloy.  On  leariug  tlie  melted 
mass  at  rest  for  some  time,  the  osmide  of  iridium  (which  is  nut  attacked  daring 
the  openUion)  gradually  sinks  to  the  liottom  of  the  Hqnid  alloy;  the  upper  portions 
of  the  platiniferous  lead  are  then  cautiously  decant<'d  from  it  by  iron  ladles  and 
rust  into  ingot-moulds.  The  residue  containing  the  osmide  of  iridium  is  added  to 
a subsequent  melting. 

The  platiniferous  lead  is  now  submitted  to  cupellation  in  the  ordinary  way.  and  the 
crude  metallic  platinum  left  after  cupellation,  is  refined  by  fusion  on  a bed  of  lime  as 
above  described.  The  platinum  thus  obtained  is  nearly  pure,  and  very  ductile  and 
malleable. 

An  alloy  of  platinum,  iridium,  and  rhodium,  better  adapted  for  some  purposes 
than  pure  platinum,  because  it  is  harder,  bears  a higher  temperature  without  fusing, 
and  is  less  easily  attacked  by  chemical  reagents,  may  be  obtained  by  simply  fu.siog  the 
platinum-oru  in  the  oxyhydix>gen  fiame  on  a bed  of  lime,  with  a quantity  of  lime  ^ual 
in  weight  to  the  amount  of  iron  in  the  ore.  I'aHadium  and  osmium  are  volatilised 
during  the  fusion,  while  the  copper  and  iron  are  oxidised,  and  form  fusible  compounds 
with  the  lime.  The  melted  nlloy  is  either  poured  into  water  to  granulate  it,  or  cast  in 
a very  shallow  mould  of  gas -charcoal. 

Another  method  proposed  by  Deville  and  Debrav  is  to  treat  the  platinum  ore  with 
nitromuriatic  acid,  decant  the  liquid  from  the  insoluble  osmide  of  iridium,  and  slowly 
evaponite  the  solution  of  chloride  of  platinum,  palladium.  Ac.,  till  the  residue  begins  to 
decompose.  The  rod  powder  thus  obtained  is  tbeo  heated  to  redness  in  a large  covered 
crucible  of  earthenware  or  platinum  provided  with  a neck  to  convey  the  gases  into  a 
chimney.  When  the  calcination  is  finished,  the  platinum-powder  is  transferred  to  a 
wooden  bowl,  and  washed  in  the  same  manner  as  auriferous  earth  or  platiuum  orw 
itself.  The  dense  shining  platinum-powder  which  remains  is  then  refined  by  fusion 
in  the  lime  furnace  as  above.  (Ann.  Ch.  Phys.  [3]  Ivi.  385  ; Jahresb.  1869,  p.  262.) 

Properties. — Pure  plaiinum  when  foiled,  and  especially  when  refined  by  Deville  ami 
Debray's  process,  is  nearly  as  white  an  silver;  it  takes  a high  lustre  by  polishing;  h;m 
neither  taste  nor  smell;  and  is  very  ductile  and  malleable.  A platinum  wire  2 milli- 
metres  in  diameter,  breaks  with  a weight  of  124  kilogrammes.  Platinum  is  foftor 
than  silver,  but  iU  Imrdness  is  much  increased  by  the  presence  of  traces  of  iridium  ; 
perfectly  pure  platinum  is  about  as  Iiurd  as  copper.  It  expands  by  heal  less  than  any 
other  metal,  and  in  its  power  of  conducting  heat  und  electricity,  it  is  much  inferior  to 
gold  and  silver,  and  very  near  to  iron  (ii.  4G7  ; iii.  936).  Platiuum  re.sists  the 
strongest  heat  of  a forge-fire,  but  may  be  fused  by  the  electric  current,  or  by  the  oxy- 
hydrogen  blowpipe,  Ix  fore  which  it  is  volatilis^  and  dispersed  with  scintillationM. 
According  to  Deville  and  Debniy,  it  absorbs  oxygen  in  the  fused  state,  and  if  melt<'d 
in  considerable  mutses,  sj)its  like  silver  on  rapid  cooling.  It  has  not  been  crystalliM'd 
artificially,  but  very  perfect  oclahcdrons  and  cubes  liavo  Ixieii  found  in  the  native  beds. 
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Flatiimin  is  the  heaTicst  of  all  known  substuncea,  except  osmium  and  iridimn,  which 
are  equally  dcqse.  lt«  specific  grarity  ranee  according  to  the  manner  in  which  it  has 
been  treated;  that  of  haromei^  platinum  is  21*25;  of  plutiimm  drawn  into  thick 
wire,  21’4  ; and  after  drawing  into  rery  thin  wire,  21*5  (Wollaston);  platinum 
solidified  ftom  fusion  has  a density  of  21*15.  (Derille  and  Dcbray.) 

Platinum  possesses  a remarkable  power  of  causing  the  combination  of  oxygen  with 
hydrogen  and  other  combustible  gases  (see  Combustion,  i.  1092,  and  ContacT'Actiok, 
ii  12).  This  property  is  exhibited  eren  by  a clean  surface  of  platinum,  in  a greater 
degree  by  platinum  in  the  spongy  state  (p.  662X  and  most  of  all  by  the  extremely 
divided  form  of  the  metal  called  platinum-black.  The  metal  may  be  obtained  in 
this  form: — 1.  By  dissolving  plutinons  chloride  in  a hot  and  concentrated  solution 
of  potash,  and  pouring  alcohol  into  i^while  still  hot,  by  small  quantities  at  a time ; 
violent  efferrescence  then  occurs  from"the  escape  of  carlonic  anhydride,  by  which  the 
contents  of  the  ressel,  unless  capacious,  may  be  thrown  out.  The  liquor  is  decanted 
from  the  black  povrder  which  appears,  and  the  latter  boiled  successively  with  alcohol, 
hydrochloric  acid  and  potash,  and  finally  four  or  five  times  with  water,  to  divest  it  of 
all  foreign  matters. — 2.  By  decomposing  a hot  solntion  of  platinic  sulphate  with 
alcohol. — 3.  By  boiling  a solntion  of  platinic  chloride  with  carlxmato  of  sodium  and 
sugar:  chloride  of  sodium  is  then  formed,  water  and  carbonic  anhydride  are  produced 
by  oxidation  of  the  sugar,  and  the  platinum  is  precipitated  in  the  finely-divided  state. 
~4.  By  precipitating  the  metal  with  iinc  from  a solution  of  platinic  chloride  con- 
taining excess  of  hydrochloric  acid,  or,  according  to  Brunner,  by  digesting  metallic 
zinc  with  a mixture  of  chloroplutinate  of  ammonium  or  potassium  and  strung  sulphuric 
acid.— Platinum-black,  when  dried,  resembles  lamp-black,  and  soils  the  fingers,  but 
still  it  is  only  metallic  platinum  extremely  divided,  and  may  be  heated  to  full  redness 
without  any  change  of  appearance  or  properties.  It  loses  these  properties,  however,  by 
the  efiect  of  a white  heat,  and  assumes  a metallic  aspect.  Platinum-black,  like  wood 
charcoal,  absorbs  and  condenses  gases,  in  its  pores,  with  evolution  of  heat,  a property 
which  most  assist  its  action  on  oxygen  and  hydrogen,  although  probably  not  essential 
to  that  action.  When  moistened  with  alcohol,  it  determines  the  oxidation  of  that  sub- 
stance in  air,  and  the  formation  of  acetic  acid ; and,  in  a similar  manner,  it  converts 
wood-spirit  into  formic  add. 

Platinum  does  not  oxidise  in  the  air  at  any  temperature.  It  is  not  attacked  by  any 
single  acid ; but  nitromuriatic  acid  dissolves  it,  though  slowly.  If  heated  to  redness  in 
the  air  in  contact  with  eaiutic  alkalU  or  allcaline  earths,  esp<*cially  vrilh  hydrate  of 
lithium  or  barium,  it  is  corroded,  in  consequence  of  the  formation  of  an  oxide  which 
unites  with  the  alkali ; it  is  also  attacked  at  high  temperatures  by  aad  stdphate  of 
fotaesium. 

Spongy  platinum  unites  vrilh  sulphur  when  the  tvro  are  heated  together  somewhat 
strongly  ; hammered  platinum  is  but  very  slowly  attacked  by  sulphur.  Phosphorus  and 
arsmic  easily  unite  with  spongy  platinum  when  heated  with  it,  forming  very  fusible 
compounds.  When  an  organic  substance  containing  phosphorus—cerobral  matter  for 
example — is  burnt  in  a platinum  crucible,  phoephorus  is  set  free  and  unites  with  the 
platinum,  forming  a very  fusible  phosphide,  so  that  the  crucible  sometimes  becomes 
perforated.  Chlorine  is  very  slowly  abwrlied  by  platinum  ; iodine  and  hroiMne  have  no 
action  upon  it  A mixture  of  silica  and  charcoal  easily  attacks  platinum  at  high  tem- 
peratures by  forming  a silicido  of  platinum : hence  platinum-crucibles  must  never  bo 
placed  in  direct  contact  with  a coke  or  charcoal  fire,  but  always  enclosed  in  an  earthen 
crucible  containing  magnesia. 

Uses. — The  unalterability  of  platinum  at  high  temperatures,  and  its  power  of  resisting 
the  action  of  most  chemical  agents,  render  it  extremely  useful  for  the  construction  of 
crucibles,  evaporating  dishes,  forceps  for  blowpipe  experiments,  &c.  Large  platinum 
stills,  sometimes  weighing  more  than  1000  ounces,  are  used  for  the  concentration  of 
oil  of  vitriol  They  arc  on  the  inner  surfaces,  because  without  this  coating,  plati- 
num prepared  by  Wollaston's  method  soon  becomes  sufficiently  porous  to  allow  the 
transudation  of  the  acid.  An  attempt  was  made  in  Russia  to  use  platinum  for  coinage, 
but  it  was  not  found  convenient.  Platinum  is  sometimes  used  for  the  touch-holes  of 
fowling-pieces,  {Miller's  Elements  of  Chemistry,  ii.  828.) 

Compttunds  of  Platinum  forms  two  serins  of  compounds,  the  platinous 

compounds  in  which  it  is  diatomic,  r.^. PtCl*,  PtO,  &c.,  and  the  platinic  compounds 
in  which  it  is  tetratomio,  e.g.  PtCP,  PtO*  &c.*  It  shows  but  little  tendency  to  form 
siilts  with  oxygen-acids. 

PXiJlTXlVUM,  AXtZiOTB  OP.  Platinnm  nniteswith  most  other  metals,  forming 
alloys  which  are  for  the  roost  part  more  fusible  than  platinum  itself : hence  platinum 
crucibles  must  never  be  used  for  fusing  other  metals  in,  or  even  for  igniting  the  oxides 

* AcennIIng  to  ih«  olilrr  atomic  weiaht  of  platinuni,  *>h-7.  sdnptod  In  the  earlier  pnrt  <if  thi«  work 
(i.  4U>),  liic  iiivtal  W4S  regaidvd  w moaatomic  lu  the  platmoui,  aiuj  diaiomk  Ui  the  pUUnk'  couipvuodi. 
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of  the  more  fn«»ibk  metals,  snch  as  lead  and  bismntb,  whose  oxides  are  easily  reduced 
by  cout'ict  with  carbonaceous  matter.  , 

1 pt  of  spong)’  platinum  unites  easily  with  2 pts.  of  pulverised  antimony,  the  com- 
bination lH*inff  attended  with  vivid  incandescence ; and  when  the  temjK*rafure  is 
further  raised,  the  compound  fuses  into  a et*'cl-prey,  brittle,  tine-|frainf<i  alloy 
(Gehlen).  Vivid  incandt-scence  is  likewise  produ'*etI  by  wrapping  antimony  in  thin 
platinum-foil,  and  heatinfi'  it  before  the  blowpipe  (Murray,  Kdinb.  PhiL  J.  iv.  202). 
The  alloy  when  heated  in  the  air,  ^ves  up  its  antimony  almost  wholly,  and  leavta 
malleable  platinum.  (Fox,  Ann.  Phil.  xiii.  467.) 

100  pts.  of  spon^  pLitinum  hetited  with  excess  of  arsenic,  yield  173  6 pts.  of  arse- 
nide of  ])lrttinum,  the  combinution  beiiigr  attended  with  vivid  combustion.  When  plati- 
num is  iieated  with  arsenious  oxide  jyid  carbonate  of  sodinm,  arsenide  of  platinum  and 
asenate  of  so<lium  are  formed.  Arsenic  wnipped  up  in  platinum-foil,  likewise  exhibits 
vix'id  combustion  Isfore  the  blowpij^s»  (Murray).  The  alloy  is  brittle,  and  easily 
fusible.  When  it  is  heated  in  the  air  for  sonje  time,  at  a continually  increasing  titn- 
jM’mfure,  but  not  sufficient  to  melt  it,  the  arsenic  gradually  bums  away,  and  leaves  a 
|>orou8  residue  of  pLtlinum  in  a state  fit  for  working. 

Platinum  heated  with  an  equal  weight  of  barium  before  the  oxy-hytlrogen  blowpipe 
melts  to  a bronze-coloured  alloy,  which  in  the  course  of  24  hours,  decomposes  aod 
leaves  a reddish  powder.  (Clarke,  Gilb.  Ann.  Ixii.  372.) 

1 |)t.  of  spongy  platinum  and  2 pts.  of  bismuth  heated  together  combine  readily,  hut 
without  visible  combustion,  ami  fonn  a bluish-grey,  brittle,  easily  fusible  alloy,  having 
a lamiuattd  fracture  (Gehlen).  When  this  allu^  is  fused  at  a moderate  heat,  the 
two  metals  s«‘parate  partially,  acconling  to  iheir  densities.  When  it  is  strongly 
ignited  in  cont.u't  with  air,  the  greater  part  of  the  bismuth  burns  and  forms  a vitreous 
oxide,  till  the  residue  is  no  longer  fusible. 

Platinum  heated  with  cadmium  till  the  excess  of  the  latter  is  volatilised,  forms  a silver- 
white,  very  brittle,  fine-grained  alloy,  refractory  in  the  fire  and  containing  46*02  p’f 
cent,  platinum  and  54-66  cadmium,  therefore  nearly  PtCd*.  (Stromeyer.) 

With  copper^  platinum  does  not  combine  below  a white  heet.  Equal  weights  of 
platinum  and  copper,  heated  together  in  the oxy-hydrogen  blowpipe  flame,  yields  psle 
yellow  alloy  having  the  colour  and  specific  gravity  of  gold,  extensible,  easily  attacked 
by  the  file,  and  tarnished  by  exposure  to  the  air  (Clarke).  An  alloy  of  26  pts.  cop]»'-r 
and  1 platinum,  is  malleable,  rose-coloured,  and  exhibits  a fine-grained  fracture.  Tii'' 
alloys  of  copper  and  platinum  take  a fine  polish  and  are  sometimes  used  fur  the  minon 
of  telescopes. 

7 pts.  of  platinum  and  3 gnid  form  an  alloy  infusible  in  the  strongest  blast -furnace. 
Alloys  containing  a larger  proportion  of  gdd  fuse  at  that  degree  of  hcnl  (Prinsep). 
2 pts.  platinum  and  1 gold  form  a brittle  alloy.  1 pt  platinum  and  1 gold  form  a very 
malleable  alloy  having  nearly  the  same  colour  as  gold.  The  alloy  of  1 pt.  platinum 
and  9 6 gold  has  the  colour  of  gold  and  the  density  of  platinum  (Clarke).  1 pt- 
phuinum  and  11  gold  form  a^yish-white  alloy,  like  ttimished  silver.  (Hatchett.) 

The  alloy  of  platinum  and  iridium  has  lKM*n  already  described  (lii.  317);  also  the 
alloys  of  platinum,  iridium  and  rhodium  obtuin<Hl  by  fusing  platinum-ore  (iv.  664> 

The  alloy’s  of  platinum  and  iron  are  described  under  Iron  (iii.  360). 

Lend  unites  very  easily  with  platinum.  Melted  lead  poured  into  a platinum-craci- 
blo  dissolves  a portion  of  the  platinum.  Lead  wrapped  in  platinum-foil  exhibits 
incandescence  when  heat«*d  (Murray).  1 pt  of  e{xmgy  platinum  and  2*7  of  lead 
lioattHi  to  r(dnes.s  together,  combine  without  visible  combuHtion,  and  form  an  easily 
fusible  compound,  which  luis  the  colour  of  bismuth,  splits  under  the  hummer,  and 
exliibits  a fibrous  fractura.  The  alloy  of  1 pt.  platiuum  and  2 pts.  lead  is  somewhat 
more  brittle  (Gehlen).  An  alloy  containing  equal  quantities  of  the  two  metals  basa 
purple  colour  and  striated  surface,  and  is  bard,  brittle,  exhibits  a granular  fracture, 
and  is  altered  by  exposure  to  the  air.  When  these  alloys  are  heated  to  redness  in  the 
air.  only  part  of  the  lead  separates  from  the  platinum,  the  sepairation  going  on  indeed 
only  so  long  as  the  alloy  remains  fusible. 

The  compounds  of  platiuum  and  mercurg  have  l>een  already  described  (iii.  888). 

Equal  parts  of  platinum  and  nu/lgbdcnum  yield  a hard,  brittle,  shapeless  lump 
having  a light  grey  colour  and  metallic  lustre.  4 pts.  platinum  and  1 pt.  molybdenum 
form  a hard,  brittle,  bluish-gre-y  alloy,  having  a granular  fracture. 

Equal  parts  of  platicum  and  nickel  placed  upon  a piece  of  charcoal  burning  in  a 
stream  of  oxygen,  unite  quickly,  and  form  a pale  yellowish-white  alloy,  perfectly 
malleable,  susceptible  of  a high  polish,  equal  to  copper  iu  fusibility,  and  to  nickel  io 
magnetic  power.  (Lainpadiua.) 

Equal  pjirts  of  platinum  and  palladium  unite  somewhat  below  the  melting-point  of 
tho  latter,  forming  a grvy  alloy  as  hard  as  wrought  iron,  having  a specific  gravity  of 
15  141,  less  ductile  than  the  alloy  of  palladium  and  gold.  (Cheueviz.) 
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With  potassium,  platinum  unites  roadily,  exhibiting  incandescence  and  forming  a 
shining,  brittle  alloy,  which  bums  when  heated  in  the  air,  and  is  decomposed  by 
water,  with  formation  of  black  scales,  usually  regarded  as  a hydride  of  platinum. 

Silocr  unites  with  platinum  in  all  proportions.  A very  small  quantity  of  platinum 
renders  silver  hard.  Hot  oil  of  vitriol  dissolves  out  the  silver  from  the  alloy,  and 
leaves  the  platinum.  Nitric  acid  always  dissolves  a certain  quantity  of  platinum 
together  with  the  silver,  and  with  a certain  proportion  of  silter  the  alloy  is  completely 
soluble  in  nitric  acid. 

The  alloy  of  platinum  and  sodium  resembles  timt  of  platinum  and  potassinm. 

Tin  and  platinum  fused  together  in  equal  puts  form  a dark-coloured,  hard,  brittle, 
tolerably  fusible  alloy,  having  a coarse^ained  structure.  A very  deduite  alloy  of  tin 
and  platinum  having  the  composition  is  obtained  by  melting  1 pL  platinum 

with  10  pts.  tin,  leaving  the  mass  to  cool  slowly  and  treating  it  with  hydrochloric  acid, 
which  dissolves  out  the  excess  of  tin,  and  leaves  the  alloy  in  l>eautiful  geodes,  lined 
with  cubic  cry’stals,  or  rbombolicdrons  having  their  angles  very  near  to  90^.  (Deville 
and  D ebray.) 

Zinc  appears  also  to  form  a definite  alloy  with  platinum,  analogous  in  composition 
to  the  preceding  and  obtained  in  like  manner.  (Deville  and  Debray.) 

FX.ATZKinMt,  AXrTIMOIVXl>a  OF.  (See  p.  G60.) 

FX^TXirxnM,  ilRS£irXX>B  OF.  (See  p.  666.) 

FXfATXinxilC,  BO&zaB  OF.  I’latioum  heated  with  borax  and  charcoal,  melts 
into  A hard,  brittle,  somewhat  crystalline  msiss,  which  when  dissolved  in  nitromuriatic 
acid,  leaves  a residue  of  boric  acid  (Descot  ils,  Ann.  Chim.  Ixvii.  88).  Boron  heated  on 
platinum-foil  before  the  blowpipe  immediately  combines  with  the  metal,  forming  a silver- 
white  fusible  compound.  The  same  compound  is  likewise  obtaim‘d  by  melting  spongy 
platinum  with  boron  under  a layer  of  borax  (Deville  and  Wohler).  Boride  of 
platinum  is  easily  pulverised  ; it  is  but  slowly  attacked  by  nitromuriatic  acid.  Its 
componition  appears  to  be  PtB.  (Martius.) 

PBATZNITK,  BBOBIXBB  OF.  The  only  bromide  of  platinum  known  is  the 
trtrahromidr,  ^tB^^  which  is  a brown,  deliquescent  compound,  obtained  by  dissolving 
platinum  in  a mixture  of  bydrobromic  and  nitric  acids,  and  evaporating  at  a gentle 
heat.  * It  unites  with  the  more  basic  metallic  bromides,  forming  double  salts  calh'd 
hromoplatinates,  having  the  composition  M*PtBr“  = 2MBr.Pt‘*Br*  and  AlTtBr* 
M"Br*.l:h.''Br*.  The  potasaium-S'iU  separates  from  a mixture  of  the  solutions  of  the 
component  bromides,  by  spontanpous  evaporation,  in  r«‘gular  octahedrons  and  cabo-octa- 
bedrons  of  a red  colour;  it  Lh  sparingly  soluble  in  water,  insoluble  in  alcohol. — The 
sodium-salt  prepared  in  a similar  manner,  crystallises  in  dark-red  prisms,  permanent 
in  the  air,  easily  soluble  in  water  and  in  alcohol. — The  barium-,  calcium-,  magnesiutn-, 
manganese-,  tinc-saUs  also  crystallise  in  diirk-red  prisms.  (Bonsdorff,  Pogg. 
Ann.  xix.  344  ; xxxiii.  61.) 

FBATZBtTM,  CABBZBB  OF#  This  compound  is  obtained  by  boiling  platinic 
chloride  with  tartaric  acid,  or  by  calcining  certain  organic  platinum-salts  at  a moderate 
beat.  It  is  black,  insoluble  in  water,  decomposible  by  nitromuriatic  acid,  which 
dissolves  the  platinum  and  leaves  the  carbon. 

FBATZirtrM,  CBltORZBBS  OF.  Platinum  forms  two  chlorides,  namely,  a 
di-  and  a tetrachloride. 

BlotUoiide  of  Platinum  or  Plattnoos  Chloride,  PtCP.  {ProUKhloride,  ac- 
cordiuj^  to  the  older  atomic  weight  of  platinum.)  -This  compound  is  prepared  by 
dissolving  platimim  in  nitromuriatic  acid,  evaporating  to  diy'ness,  ami  cautiously 
heating  the  residue  in  an  oil-bath  to  200^,  till  it  becomes  insoluble  in  water.  It  is  a 
greenish-brown  solid  body,  permanent  in  the  air  at  ordinaiy  temperatun*s,  but 
blackening  on  the  surface  by  long  exposure  to  light.  It  is  insoluble  in  tra//r,  nitric  acid, 
and  sulphuric  acid,  but  dissolves  completely  in  hydrochloric  acid,  as  dicbloride  if  pro- 
tected from  the  air,  as  tetnichloride  if  the  air  has  access  to  it.  The  solution  of  the 
pure  dichloride  has  a dark  bnjwn  colour,  gives  with  potash  a dark  brown  precipitate 
of  platinous  hydnito.  and  with  a green  cry.stalliue  pre*'ipitato  of  diammonio- 

platinoua  chloride,  N*H*Pt"CP,  insoluble  in  cold  water  and  in  alcohol  (see  Pu^tixvm- 
iiASRs).  Platinous  eliloride  dissolves  in  caustic  potash  or  soda,  and  alcoliol  added  to 
the  solution  throws  down  the  whole  of  the  platinum  as  platinum-black  (p.  664).  It  ia 
completely  resolved  at  a red  beat  into  chlorine  and  platinum. 

If  the  heating  of  the  platinic  chloride  be  discontinued  before  half  the  chlorine  has 
been  driven  off,  the  residue  dissolves  in  water,  forming  a dark  brown  solution  Mippoaed 
by  Magnus  to  contain  pi  atinoso-platinic  chloride.  On  evaporating  this  solution, 
platinous  chloride  separates  as  a l>rown  precipitate  more  soluble  in  h>drochlorio  acitl 
thau  theorigiual  green  compound,  and  regarded  by  Berzelius  ns  a peculiar  modification. 
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CUloroplatinit6i.*~PlatiDOU8  chloride  unites  with  the  more  hssie  metallic 
chlorides,  fonuing  double  salts  represented  by  the  formula  M’Pt'Cl*  — 2MCUPt*Cl* 
and  M''Pt"Cl«  - M"Cl«.PtXl». 

ChloropUitiniU  of  am-m/cmium^  (NH*)’Pt‘*Cl*,  is  produced  by  adding  sal-atumomsc  to 
a solution  of  platinous  chloride  in  hydrochloric  acid,  and  crystallises  by  eraporation  in 
red  four-sidtHl  prisms. 

ChloropUtiniU  of  Barium^  Ba'Tt'*Cl*.3HK),  is  obtained  by  saturating  a solution  of 
platinous  chloride  in  hydrochloric  acid  with  carbonate  of  bwum,  and  crystallises  by 
spontaneous  evaporation  in  dark  red  four>sidcd  prisms,  easily  soluble  in  water, 
^ringly  in  alcohol  of  90  per  cent.  It  appears  to  give  off  only  2 at,  water  at  lOU^. 
The  scMUtion  mixed  with  ammonia  deposits  tlie  green  salt  of  Magnus  (p.  674).  (J. 
Lang,  J.  pr.  Chem.  btxxvi.  126;  Jabresb.  1863,  p.  230.) 

CJSorojiatinite  of  Leadt  Pb'Tt"Cl‘,  prepared  like  the  silver-salt  {infra)  resemblea 
the  latter  in  appearance,  is  insoluble  in  cold  water,  and  is  decomposed  by  boiling 
water.  (Lang.) 

ChloroplatiniU  of  PotoBaium^  K*Pt"CP,  prepared  like  the  ammonium-salt,  also  fonna 
red  four-sided  prisms,  moderately  soluble  in  water,  insoluble  in  alcohol. 

Chli/ropiatiniU  of  Silver^  Ag*Pt"Cl*,  separates  on  mixing  a solution  of  the  potassium- 
suit  with  uitratti  of  silver,  as  a light  red  precipitate.  It  is  insoluble  in  water,  blackens 
when  exposed  to  light,  and  gives  up  all  its  platinum  to  warm  hydrochloric  acid.  Am- 
monia drat  dissolves  out  the  chloride  of  stiver,  and  leaves  a yellow  substance  which 
gradually  dissolves  in  a largo  quantity  of  ammonia,  forming  a colourless  solution 
which  when  left  to  evaporate,  deposits  a yellow  powder  and  colourless  prisms. 
(Lang.) 

The  Na*Pt*CP,  is  soluble  in  water  and  in  alcohol,  and  difficult  to  ciys- 

tallise. 

Stannous  chloroptatiniteB. — Platinous  chloride  forms  with  stannous  chloride  two 
double  salts,  which  are  obtained  by  dissolving  stannous  chloride  in  a solution  of  plnti- 
nous  chloride  in  hydrochloric  acid,  and  evaporating,  the  one  or  the  other  being  funned 
according  to  the  proportions  in  which  the  salts  are  mixed.  That  which  cont^ns  the 
smaller  proportion  of  stannous  chloride  is  a crystalline,  olive-green,  deliquescent,  saline 
mass;  that  containing  the  larger  proportion  of  stannous  cUoride  is  red;  both  are 
sbghtly  soluble  in  water,  and  are  decompoeed  by  dilution  with  water.  (Kane.) 

Chioro^atinite  of  Zinc,  Zn"Pt''Cl*,  is  formed,  according  to  Hiinefeld,  when  rinc  is 
immersed  in  an  aqueous  solution  of  platinic  chloride.  It  forms  small,  hard,  shining, 
yellow  crystals,  sparingly  soluble  in  cold,  more  soluble  in  boiling  water,  and  precipitated 
by  alcohol. 

Tetrachloride  of  PlaUnam  or  Platlnlo  Chloride.  Pt'*Cl*.  (Dichlon'dr^ 
according  to  the  old  atomic  weight  of  platinum.) — This  compound  is  obtained  by  dis- 
solving platinum  in  nitromoriatic  acid  and  evaporating  the  solution  over  the  water-bath. 
It  then  remains  as  a brown -red  mass,  which,  if  pure,  dissolves  in  water  and  in  alcohol 
with  reddish-yellow  colour;  generally  however  it  is  red,  owing  to  the  presence  of  a 
small  quantity  of  iridium.  If  more  strongly  lieated,  it  gives  off  chlorine  and  leaves 
drst  platinous  chloride  and  then  metallic  platinum. 

The  solution  of  platinic  chloride  gives  with  potash,  ammonia,  and  their  salts,  a yellow 
crystalline  precipitate  of  cbloroplatinate  of  potassium  or  ammonium,  sparingly  soluble 
in  water,  insoluble  in  alcohol.  \Mien,  however,  dilute  aqueous  ammonia  is  addtd  in 
excess  to  an  aqueous  solution  of  platinic  chloride  too  dilute  to  yield  a precipitate  of 
the  chloroplatinute,  a pale  yellow  powder  is  precipitated  after  a while,  consisting  of 
(see  Platixuu-iiasxs).  Caustic  soda-solution  forms  no  precipitate  in  the 
cold,  but  on  warming  the  solution  a brownish-yellow  precipitate  is  formed  consisting  of 
platinate  of  sodium. 

Sidphydric  acid  produces  in  a solution  of  platinic  chloride,  at  first  only  a brown 
coloration,  afterwai^  a brown  precipitate  of  platinic  sulphide. 

Sulphide  of  ammonium  produces  the  same  precipitate,  out  redissolves  it  when  added 
in  excess. — Iodide  of  potassium  colours  the  solution  brown-red,  and  pr*‘cipitat<-s  brown 
platinic  iodide. — Stannous  chloride  colours  the  solution  brown-red. — Mercuric  nitrate 
forms  a ctmious  reddish-yellow  precipitate. — Mercuric  cyanide  forms  no  precipitate, 
thereby  afioixliug  a distinction  between  platinum  and  palladium  (p.  328).  Platinum 
is  not  so  easily  reduced  to  the  metallic  state  from  its  solutions  as  gold. — Zinc  throws 
down  metallic  platinum  ; so  likewise  dioos  formic  acid  on  heating,  if  the  free  acid  bo 
neutralised  with  carbonate  of  sodium,  but  the  reduction  is  not  effected  by  ferrous  sul- 
phate or  oxalic  add. 

A compound  of  platinic  chloride  with  nitric  oxide^  said  to  contain  6(PtCnMI*Cl*). 
4NO.IUIPO,  is  producfd,  ficcording  to  Boye  and  Kodgers  (PhiL  Mag.  Nov.  1840, 
p.  397),  by  mixing  dry  platinic  chloride  with  a large  excess  of  nitromuriatic  acid  : the 
liquid  evaporated  to  u syrup  dijvbits  the  compound  as  u yellow  erystullino  jK)wder, 
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which  does  not  give  off  water  at  100^,  but  in  contact  with  water,  is  reaolved,  with 
effen’esccoce,  into  ita  cooatituenta. 

Chlo^oplatinate^  » 2Ma.Pt‘'Cl'  and  M'Pf’Cl*  - 

— PlaUnic  chloride  unitoa  with  other  metallic  chlorides,  forming  a class  of  well-defined 
double  salts,  among  which  the  potassium-  and  ammonium-salts,  on  account  of  their 
sparing  solubility  in  water  and  insolubility  in  alcohol,  are  of  especial  importance  in 
analysis,  affording  the  means  of  separating  and  estimating  platinum  on  the  one  bund, 
and  potassium  and  ammonium  on  the  other. 

CkloroplatinaU  of  Ammonium  or  Piatinum^8(U*ammoniac,  (NII*)*Pt’*Cl*,  is  precipi- 
tated as  a heavy,  lemon-yellow,  crystalline  powder  on  mixing  a solution  of  platinie 
chloride  with  sal-ammoniac,  and  crystallises  on  cooling  from  a hot  aqueous  solution  in 
regular  octahedrons.  When  ignited  it  leavca  metallic  platinum  in  the  spongy  state. 
It  is  but  slightly  soluble  in  cold,  more  soluble  in  hot  water ; very  slightly  soluble  in 
cold  containing  ammonia,  abundantly  at  the  boiling  heat  (Fresenius,  Ann.  Ch. 
Fbarm.  lix.  118).  A cold  concentrated  solution  of  sal-ammoniac  precipitates  it  almost 
complexly  from  its  aqueous  solution,  but  a hot  solution  of  that  salt  diasolves  it  more 
abundantly  than  pure  water,  and  the  solution  deposits  a coating  of  platinum  on 
copper  and  brass  when  they  are  boiled  in  it  for  a few  seconds  (Bottger).  At  15° — 
20*^,  it  dissolves  in  26,536  pts.  alcohol  of  97’6  per  cent. ; in  1,406  pts.  alcohol  of  76  per 
cent.,  and  in  665  pts.  alcohol  of  55  per  cent ; but  if  free  hydrochloric  acid  is  present, 
the  salt  dissolves  in  672  pts.  alcohol  of  76  per  cent  at  the  same  temperature 
(Fresenius).  It  dissolves  easily,  with  decomposition,  in  a warm  aqueous  solution  of 
potash  sxUphocyanate.  (Claus.) 

ChloroplatincUc  of  Barium^  Ba*Tt'’Cl*.4H*0,  ciystalliscs  in  orange-yellow  prisms 
resembling  chromate  of  lead  (Bonsdorff,  Pogg.  Ann.  xvu.  251). — The  c^iiunf»alt, 
Cb*Pi'*C1*,  has  been  already  described  (i.  1114). — The  m/cium-sa//,  Ca"Pt*''Cl*8H''0, 
crystallises  with  difficulty ; when  laid  on  bibulous  paper  it  decomposes,  chloride  of 
calcium  deliquescing  out,  and  platinie  chloride  remaining. — The  cadmium*,  cobalt*, 
copper*,  magnuium-,  manganese*,  nickel*,  and  tinc-salU  are  isomorphous,  crystallise  in 
rhombohedrons,  and  are  aii  included  in  the  general  formula  M"Pt'*Cl*. 6HK). 

Chloroplatinaie  of  Potassium,  K*Pt'*Cl*,  separates  on  mixing  a solution  of  platinie 
chloride  with  chloride  of  potassium,  in  yellow  crystalline  grains  having  the  furni  of 
the  regular  octahedron,  it  is  not  completely  reduced  by  simple  ignition,  but  when 
ignited  with  oxalic  acid,  or  in  a stream  of  hydrogen,  it  is  completely  resolved  into 
chloride  of  potassium  which  may  be  dissolved  out,  chlorine  which  goes  off  as  hydro- 
chloric acid,  and  metallic  platinum.  The  salt  is  sparingly  soluble  in  water,  insoluble  or 
nearly  so  in  alcohol.  Its  solubility  in  water  at  various  temperatures,  together  with 
the  solubilities  of  the  corresponding  caesium-  and  rubidium-salts,  as  determined  by 
Kirchhoff  and  Bunsen  (Pc^.  Ann.  cxiii.  372),  is  given  under  C^ium  (i.  1114). 
It  dissolves  at  15° — 20°  in  12,083  pts.  alcohol  of  97'5  per  cent,  in  3,775  alcohol  of  76 
per  cent,  and  in  1,053  pts.  alcohol  of  55  per  cent ; but  if  a small  quantity  of  free  hy- 
drochloric acid  is  present,  it  dissolves  in  1,835  pts.  alcohol  of  76  percent.  (Freseot  us, 
loc.  cit.).  It  is  sbghtly  soluble  in  actWs,  dissolves  with  yellow  colour  in  caustic  jMtosA, 
but  is  iusoluble  in  alk^ine  carbonates.  (H.  Rose.) 

CkloroplatinaU  of  Rubidium,  Rb*Pl**Cl*. — Platinie  chloride  forms  in  solutions  of 
rubidium,  especially  at  the  boiling  heat,  a light  yellow,  heavy,  pulverulent  precipitate, 
which  appears  under  the  microscope  to  be  composed  of  transparent,  shining,  regular 
octaliedrans.  It  is  ^uite  insoluble  in  alcohol,  and  much  less  soluble  in  water  than  the 
potassium-salt.  It  is  decomposed  by  hydro^n,  partially  even  in  the  cold,  and  com- 
pletely at  a red  heat,  yielding  a mixture  of  emoride  of  rubidium  and  metallic  platinum. 
(Bunsen.^ 

Chloroplatinate  of  Sodium,  Na*Pt*^CP.6H*0,  crystallises  in  transparent,  light  yellow 
prisms  easily  soluble  in  water  and  in  alcohoL  „ 

A compound  of  platinie  chloride  with  plaiinate  of  calcium,  PtCl‘.CaTH*’0*,  is  pro- 
duced, according  to  Dobereiner,  by  exposing  the  chloride  mixed  with  milk  of  lime  and 
a large  quantity  of  lime-water  to  sun^ne,  as  a white  precipitate  which  turns  yellow- 
ish on  boiling. 

VXiATZVITBC,  OTAimBS  07.  (See  Ctakides.  ii.  260.) 

PBATzanna,  BBracTxow  Ajn>  xstxmatxoit  or.— i.  Blowpipe 
reactions.^AXi  platinum-compounds  are  reduced  to  spongy  platinum  in  the  inner 
flame  ; none  of  them  ^ve  any  colours  to  borax  or  microcosmic  sut.  The  spongy  plati- 
num cannot  be  fused  into  a globule  before  the  blowpipe. 

2.  Reactions  in  Solution. — Platinum  almost  always  occurs  in  solution  in  the 
form  of  tetrachloride,  the  reactions  of  which  have  been  already  detailed.  Solutions 
of  platinie  oxygen-salts,  the  sulphate  and  nitrate,  for  example,  exhibit  for  the 
most  part,  the  same  tactions;  with  potash  or  ammonia  however,  they  ferm  a yellow- 
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brown  precipitate^,  and  'wxthchUmde  of  j>ota»9ium  or  ammemivm,  a alight  yellow  precipi* 
tate  of  chloro>platinat<}  after  some  time  only. 

Solutions  of  plati  nous  salts,  e.g.  the  sulphate  and  nitrate,  and  the  double  salUuf 
platinous  chloride,  are  distinnished  from  those  of  platinic  salts  by  giriog  no  precipi* 
late  witli  $al~ammoniacov  with  potoMk.  With  carbonate  of  polaseium  or  $odium  they  form 
u brownish  precipitate.  Amnumia  added  to  the  solution  of  platinous  chloride  in  hydro* 
ehloric  acid  throws  down  a green  crystalline  precipitate  (p.  667 );  carbonate  of  ammooioa 
forms  no  precipitate.  With  tulphydric  acid  and  sutphide  of  amnumiumy  platinous  soln* 
lions  form  a black  precipitate  soluble  in  excess  of  the  ammonium^sulpbide. 

3.  EBtimation  and  Separation. — For  quantitative  estimation,  platinum  U 
nsually  precipitated  from  its  solutions  in  the  form  of  chloroplatinate  of  ammonium.  The 
acid  solution  of  platinum,  after  sufficient  concentration,  is  mixed  with  a very  strong  sola* 
lion  of  sal-ammoniac,  and  a sufficient  quantity  of  strong  alcohol  is  added  to  ren^r  the 
precipitation  complete.  The  precipitate  of  chloroplatinate  of  ammonium  is  then  washed 
with  alcohol,  to  which  a small  quantity  of  aal*ammoniac  has  been  added,  and  then 
heated  to  redness  in  a weighed  porcelain  crucible,  whereupon  it  is  decomposed  and  learrs 
metallic  platinum.  Great  care  must  however  be  taken  in  the  ignition  to  prevent  Ices, 
as  the  evolved  vapours  are  very  apt  to  cany  away  small  particles  of  the  salt  and  of 
the  reduced  metal.  The  best  mcme  of  avoiding  this  source  of  error  is  to  place  the 
precipitate  in  tlie  crucible  enclosed  in  the  filtety  and  expose  it  for  some  time  to  a mode- 
rate heat,  with  the  cover  on  the  crucible,  till  the  filter  is  charred,  and  then  to  a some- 
what higher  temperature  to  expel  the  chlorine  and  chloride  of  ammonium.  The 
crucible  is  then  partiallv  opened  and  the  carbonaceous  matter  of  the  filter  burnt  away 
in  the  usual  manner.  When  these  precautions  are  duly  ubaemd,  not  a particle  of  pis- 
tinum  is  lost.  Instead  of  igniting  the  the  precipitate  and  weighing  the  platinum,  the 
precipitate  is  sometimes  collected  on  a weighed  filter,  dried  over  the  water-bath  and 
weighed ; but  this  method  is  less  accurate,  because  the  precipitate  always  contains  an 
excess  of  sal-ammoniac.  (H.  Koso.) 

Chloride  of  potassium  may  also  be  used  instead  of  chloride  of  ammonium  to  precipi- 
tate platinum,  the  concentrated  solution  of  the  platinum  being  previously  mixM  with 
a sufficient  quantity  of  strong  alcohol  to  bring  the  percentage  of  alcohol  in  the  liqoid 
to  between  60  and  70  per  cent.  The  precipitated  chloro-platinate  of  potassium  is  then 
washed  with  alcohol  of  60  to  70  per  cent  and  decomposed  by  simple  ignition  in  a 
porcelain  crucible,  if  its  quantity  is  small,  or  in  an  atmofqdiere  of  hydrogen  if  its 
Quantity  is  larger;  the  chloride  of  potassium  is  washed  out  by  water ; and  the  platinum 
dried,  ignited,  and  weighed. 

The  same  methods  of  precipitation  serve  also  for  the  separation  of  platinum  from 
most  other  metals,  from  all  indeed  excepting  silver,  lead,  and  mercurosum,  which  form 
insoluble  or  sparingly  soluble  chlorides,  and  from  the  other  metals  of  the  platiuom 
group. 

From  mercury  (in  mercorons  solutions)  and  from  silver,  platinum  is  easily  sepa- 
rated by  preeipitating  tlie  mercury  or  silver  with  hydrochloric  acid ; from  1 e ad  by  pre- 
cipitation with  sulphuric  acid.  To  separate  platinum  from  silver,  when  the  two 
meUls  arc  combiueu  in  an  alloy,  the  best  method  is  to  heat  the  alloy  with  pure  and 
sulphuric  acid ^ diluted  with  about  half  its  weight  of  wab  r,  till  the  sulphuric 
acid  begins  to  oscupe  in  dense  fumes.  The  silver  is  thereby  converted  into  sulphate, 
and  the  platinum  n*mains  behind  in  the  metallic  state.  The  sulphate  of  silver  is  dis- 
solved by  a large  quantity  of  hot  water,  the  platinum  washed  with  hot  water,  and  again 
treated  with  sulphuric  acid,  to  separate  the  last  traces  of  silver. 

From  iridium,  platinum  is  separated  by  precipitating  the  two  metals  together  with 
sal  •ammoniac,  and  reducing  the  caloro-iridiute  of  ammonium  to  soluble  chloriridite  by 
the  action  of  sulphurous  acid  or  other  reducing  agents  (iii.  319,  320);  from  osmium, 
by  Tolatilising  the  latter  as  osmic  tetroxide  (p.  244);  from  palladium,  by  precipi- 
tating that  metal  as  cyanide  (p.  328).  For  the  methc^  of  separmiiig  it  from  rhodium 
and  ruthenium,  see  those  metals ; also  Plxtixth-oxk. 

4.  Atomic  Weight  of  'Platinum, — Berzelius  i^Lehrhuchy  5 Aufl.  iii.  1213) 
found  that  6-981  grms.  chloroplatinate  of  potassium,  2KCl.PtCl*.  lost  by  ignition  2 024 
grms.  chlorine,  and  left  a mixtnre  of  2 822  gnns.  platinum  and  2'136  gnna.  chlozids 
of  potassium ; hence, 

Pt  2KC1  - 149-2  - 197-7. 

2-135  3135 

VX.ATZX-IJM,  rXiVOKISZ  OF.  Platinic  fluoride,  PtF',  is  obtuinnl.  according 
to  BiTzelius,  by  dropping  a solution  of  potassium-fluoride  into  a neutral  aqueous  solu- 
tion of  pUiinic  chloride,  os  long  os  a precipitate  of  chloroplatinate  of  potassium  con- 
tinues to  form,  evaporating  the  filtrate  to  dryness,  dissolving  out  the  platinic 
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fluoride  by  al(*ohol,  adding  waUr»  and  i^in  eraporating  at  a heat  below  60*^.  The 
fluoride  then  remaioa  m a non-crystalline,  yellow,  transparent  muss,  perfectly  soluble 
iu  water.  At  a higher  temperature,  it  becomes  dark  brown,  and  when  digested  in  water 
leares  a brown  basic  salt  It  forma  double  salts  with  the  fluorides  of  the  alkali-metals. 

VXJlTZinntt,  10DZSB8  or«  ptatinous  iodidf,  PtP,  and  Ptatinic  iodide,  Ptl\ 
are  black,  amorphous  compounds  obtained  by  precipitating  the  corresponding  chlorides 
with  iodide  of  potassium.  Both  are  soluble  in  hydriodic  add. 

Platinic  iodiae  unites  with  the  more  basic  metallic  iodides,  forming  brown  or  black 
cry  St  alii  sable  compounds,  »>  2MLPt‘’I*,  which  yield  dark  red  solutions. — The 

ammonium^salt  crystallises  in  square  tablets ; the  jtotagriuni-mU  in  black,  rectangular 
tablets  with  four-sided  pyramids  attached  ; the  avdium^^alt  in  lead-grey,  striated,  deiU 
quescent  needles. 

VI^TZirxrBC*  ZTXTXXDB  of.  Pt”N* — Obtained  by  heating  the  compound 

•4NU*.Pt"H‘0*  (Beiset’s  base),  to  180^.  It  decomposes  suddenly  at  190^,  with  evolu- 
tion of  nitrogen. 

Fl^TllVUBK,  OXZl>&8  OF.  Platinum  forms  two  oxides  corresponding  to  the 
chlorides,  namely,  Pt”0  and  Pt'^0*,  both  of  which  are  salifiable  bases.  According  to 
E.  Dary,  there  is  also  au  oxide  of  intermediate  composition. 

Flattnoaa  Oxide  is  obtained  os  a bydnite,  Pt^Q.K^O  or  Pt’^HK)*,  by  digesting 
platinuns  chloride  in  a warm  solution  of  potash  and  washing  the  precipitate.  Part  of 
the  platinous  hydi^te  however  remains  dissolved  in  the  alkali  and  may  be  precipitated 
by  neutralising  the  liquid  with  sulphuric  acid.  The  hydrate  is  a bulky  black  powder, 
easily  decomposed  by  beat,  giving  off  first  water  and  afterwards  oxygen.  Accoi^ing  to 
Berzelius,  it  may  be  convert!^  by  a very  gentle  beat  into  anhydrous  pl^inous  oxide,  Pt"0. 
It  dissolves  slowly  in  acids,  forming  unstable  salts,  the  reactions  of  which  have  already 
been  described  (p.  670).  By  trolling  hydrochloric  acid  it  is  resolved  into  aqu€K)us  pla- 
tinic  chloride  and  metallic  platinum.  When  recently  precipitated  it  dissolves  in 
potaah  and  in  aoda^  forming  suits  called  platinifes,  which  appt'ur  also  to  be  formed 
when  metallic  platinum  is  heaU-d  with  caustic  alkalis  (p.  665). 

Platinous  oxide  forms  with  ammonia  the  two  conipounds  2NH*.PtO  and 
4NH*.Pt0.H*0,  which  Lowereraro  not  produced  by  direct  combination.  (See  PtaTtNUX- 

IIASKS.) 

Flatlnlo  Oxide*  Pl'*0^ — This  oxide  is  somewhat  diflUcult  to  obtain  in  the  pure  state. 
— 1.  Fntm  most  platinum-salts  alkalis  throw  down  basic  double  salts;  but  from  platinic 
nitrate,  potash  throws  down  at  first  the  pure  hydrate,  which  may  be  separated,  and  after- 
wards the  double  salt  (Berzelius).—- 2.  The  hydrate  may  also  be  obtained  by  procipi- 
fating  a hot  solution  of'platinic  sulphate  with  carbonate  of  calcium,  dissolving  out  the 
excess  of  that  sul>stance  from  the  precipitate  by  means  of  acetic  acid,  and  then  washing 
it  for  a longtime[to  remove  the  gypeum]  (Wittstein). — 3.  D6b<*remer  mixes  platinic 
chloride  with  excess  of  sodic  curlionate,  evaporates  to  dryness,  beats  the  mixture 
gently,  and  dissolves  out  the  chloride  and  excess  of  carbonate  of  sodium  with  water. 
There  theu  remains  n platinate  of  sodium  containing  NaH).3Pt0’.6n‘0,  from  which 
nitric  acid  removes  the  scsla  without  dissolving  the  platinic  oxide. 

The  hydrate  (1)  when  recently  precipitated,  has  a rusty  colour,  like  that  of  hydrated 
ferric  oxide;  in  drj'ing,  it  shrinks  together  intoayellowisli-brown  mass.  When  heated, 
it  gives  off  water,  ami  turns  black  (Berzelius).— (2)  is  an  umber-brown  powder 
which  docs  not  divompose  at  100°,  but  at  a stronger  heat,  is  resolved,  with  explosion 
aud  scattering  of  part  of  the  mass  in  the  form  of  a blackish  fume,  into  aqueous  vapour, 
oxygen  gas,  and  platinum  (Wittstein).  When  gently  heated  it  is  converted  into  the 
anhydrous  oxide,  PtO^  which  is  a black  powder. 

A blue  platinicoxideis  formed,  according  to  llittorf,  when  platinum  dipping  into  fused 
nitrate  of  potassium  is  mode  to  form  the  negative  pole  of  a voltaic  circuit ; it  then  flows 
continually  from  the  platinum  in  the  form  of  a blue  liquid  which  afterwards  changes 
into  yellow  and  gre<<n  oxide.  In  nitrate  of  sodium,  the  oxidation  is  weaker  and  the 
blue  colour  lighter  and  finer,  the  blue  oxide  thus  formi'd  changing  its  colour  only  to 
yellowish-brown, 

Platinic  hydrate  di.Hsolvcs  in  acids.  The  sohxtions  yield  on  evaporation  uncrystalli- 
■able  platinic  salts,  the  reactions  of  which  have  been  already  described  (p.  669). 
They  may  also  be  obtained  by  decomposing  a solution  of  platinic  chloride  with  the 
potassium- salt  of  the  required  acid.  ChIoro{)latinate  of  potassium  is  then  precipitated, 
and  another  platinic  salt  (sulphate,  nitrate,  Ac.)  remains  in  solution. 

Platinic  oxide  unites  with  strong  bases,  forming  salts  which  may  be  called  plati- 
nates.  They  are  obtained  by  heating  the  corresponding  chloroplutinates  with  excess 
of  the  alkali. 

Platinate  of  barium  is  precipitated,  according  to  Berzelius,  as  a light  yellow  powder, 
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wtM»Q  a platinio  salt  is  snpersiitunitcd  with  bai^ta ; it  is  rraolred  at  a red  hrat  into  pU* 
tinam  and  baryta. — Phtinairof  calcium  is  obtained,  according  to  Herschel,  by 
a mixture  of  platinic  chloride  and  excess  of  lime-water  to  sunshine;  bat,  accoroing  to 
Doberoiner,  the  precipitate  thus  formed  likewise  contains  chlorine  (p.  669). — Plaiinaii 
of  pntasiium  is  prepared  by  mixing  chloroplatinate  of  potassium  with  an  exceta  of 
l>otas8ic  hydrate,  moij^itcning  the  ms.*is  with  water,  gradually  heating  it  to  dull  redne** 
and  removing  the  excess  of  alkali  by  washing  with  water.  It  has  a rust-brown 
colour ; dissolves  slowly  in  hydrochloric  acid,  not  in  nitric  or  sulphuric  acid ; is  resolteil 
by  heat  into  platinous  oxide  and  potash;  and  detonates  violently  with  combustible 
b*jdies  (Bersolius). — IHatinaU  of  todhim  is  obtained  by  exposing  a mixture  of 
aqueous  platinic  chloride  and  carl>0Datc  of  sodium  to  sunshioe,  as  a reddish-yrllov, 
partly  crystalline  precipitate,  Na’0.3Pt0’.6H*0,  which  when  heated  to  redness,  first 
gives  off  water,  then  oxygen,  and  leaves  a black  residue  from  which  the  soda  may  be 
dissolved  out  by  water.  It  is  decomposed  by  acids,  which  dissolve  out  the  soda  and 
leave  the  platinic  oxide.  (Weiss  and  Dobereiner,  Ann.  Ch.  Pharm.  xiv.  26.) 

Keepeeting  the  compounds  of  platinic  oxide  with  ammonia^  see  PuLTumf-Basia. 

VliATXWM,  OXTOBSr-SAMS  07.  The  oxides  of  platinum  dissolve  in 
oxygen-acids,  but  the  resulting  salts  have  but  little  stability.  Platinous  nitrite  and 
sul^iite  however  unite  with  the  sulphites  of  the  more  basic  metals,  forming  crystal- 
lisablo  double  salts. 

Platinoui  Nitrite$. — A solution  of  chloroplatinate  of  potassium  mixed  with 
nitrite  of  potassium,  gradually  deposits  potass io- platinous  nitrite,  K*1V(KCP)*, 
in  colourless,  six-sided  prisms,  which  are  permanent  in  the  air,  sparingly  soluble  io  the 
mother-liquor,  dissolve  in  27  pts.  water  at  15^,  in  a smaller  quantity  of  warm  water, 
and  separate  from  the  solution  unaltered.  By  slow  evaporation  of  a more  dilute 
solution,  efflorescent  rhombic  prisms  ofa  hydrated  salt,  K’l*l'(N0*)*.2H*0  are  obtained. 

The  currt'sponding  sodium-salt  is  very  soluble  io  water  ana  can  be  obtained  in 
the  crystalline  state  only  by  evaporation  in  vacuo.  A hot  saturated  solution  of  the 
potassium-salt  mixed  with  nitrute  of  silver,  deposits  the  argento-plntinous  salt, 
Ag^"(NO*A  in  faintly  yellowish  tablets  which  blacken  quickly  when  expos^  to  light. 
This  salt  decomposed  by  chloride  of  ammonium  yields  the  ammoDium-salt, 
(NIP)*Pt'’(NO*)\  which  by  evaporation  in  a vacuum  is  obtained  in  pale  yellow  prisms 
permanent  in  the  air ; its  solutionjpves  off  nitrogen  when  boiled.  Mercuroso-  pU- 
tinous  nitrite,  Hg*Pt'(N0*)Mi*0,  is  obtained  as  a yellowish-white  precipitate  by 
decomposing  the  potassium-salt  with  a dilute  slightly  acid  solution  of  mercurous 
nitrate,  fiaryto-platinons  nitrate,  Ba"Pt*{N0*)*.3II*0,  is  obtained  by  decom- 
posing the  silver-salt  with  chloride  of  barium,  and  evaporating  the  filtrate  at  a gentle 
neat,  in  colourless  octahedral  crystals,  slightly  soluble  in  cold  water.  By  decomposing 
the  solution  of  this  salt  with  an  exactly  equivalent  quantity  of  sulphuric  aciu,  and 
evaporating  the  filtrate  in  a vacuum,  hydro-platinous  nitrate  or  acid  plati- 
nous  nitrite,  H*Pt*(NO*)\  is  obtained  as  a red  saline  moss,  composed  of  indistinct 
prismatic  cfystals.  Neutral  platinous  nitrite  is  not  known.  (J.  Lang,  J.  pr.  Chem. 
Ixxxiii.  415;  R^p.  Chim.  pure,  iv.  22U ; Jahresb.  1H61,  p.  317.) 

PlaiinoM  sulphite  and  its  double  salts  will  be  d^^scriUd  under  Silphites. 

7&ATXanrM,  VHOSFBXDB  07.  Platinum  con) bines  readily  with  phosphorus, 
becoming  brittle  and  fusible.  Phosphide  of  platinum  is  silver-white,  hard,  has  a 
crystalline  fracture,  and  is  more  fusible  than  silrer.  Sohrotter,  by  heating  spongy 
platinum  in  an  atmosphere  of  phospliorus-vapour,  has  obtained  a phosphide  of  platinum 
containing  PtP*,  having  a density  of  8'77. 

PXhATZlWM*  SSXiXSrzx>B  07.  i^pongy  platinum  heated  with  pulverised 
selenium  forms  a greyish  infusible  sclenide. 

PZtATZWac,  BZXiZCZSB  07.  When  a mixture  of  platinum  and  charcoal- 
powder  is  exposed  in  a hessian  crucible  to  the  heal  of  a forge-fire,  the  silica  in  the  cru- 
cible is  redu<^  by  the  charcoal,  aud  the  liberated  silicium  unites  with  the  platinum, 
forming  a brittle  compound  which  has  a gninular  fracture ; it  dissolves  very  slowly  in 
nitromuriatic  acid,  bemuse  it  becomes  covered  with  a layer  of  silicium  which  opposes 
the  further  action  of  the  acid.  (Boussingault,  Ann.  Ch.  Phys.  [2]  xvi.  5.) 

Silicium  heated  in  a platinum  crucible  causes  the  metal  to  fuse  on  the  su^ace,  and 
imparts  to  it  a crystalline  texture.  If  the  heat  be  raisc<l  to  whiteness,  the  platinum 
becomes  friable.  Silicide  of  platinum  containing  10  per  cent  silicium,  is  hard,  brittle, 
and  fusible  at  a white  beat. 

By  fusing  platinum  with  excess  of  silicium  in  presence  of  cryolite,  a white  eompoiind, 
Pt.Si*,  is  formed  having  a grey,  crystalline  fracture.  (W  i u c k 1 1*  r,  Trmtc  <U  Chimir  par 
Pcloucr  ct  Frimp,  3“*.  od.  iii.  1268.) 

7ZUkTZWMf  BZZ.ZC07Z.1T0BZZ>B  07.  The  yellow  solution  of  platinic 
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oxide  ID  hydroflooeOicie  acid,  dries  up  to  a yellowish*brown  gum,  which  when  r<yUa- 
aolred  in  wat«r,  leaves  a brown  basic  salt.  (Bersolins.) 

VULTXinrBK,  BTrXFHX2>£8  OF.  Two  sulphides  of  platinum  are  known, 
analugous  in  composition  to  the  oxides. 

Plaiinous  Sulphide^  Pt*S,  is  obtained  by  decomposing  platinous  chloiide  with 
sulphydric  acid  or  an  alkaline  sulphide,  or  by  heating  2 pts.  of  sulphur  with  1 pt. 
of  finely  divided  platinum  or  2 pts.  of  chloroplatinute  of  ammonium.  It  is  a black 
substance,  permanent  in  the  air,  insoluble  in  water,  scarcely  attacked  by  mineral  acids 
even  with  aid  of  heat.  When  it  is  heutetl  in  contact  with  the  air,  the  sulphur  burns 
away  and  the  platinum  remains.  According  to  B<ittger,  it  acts  upon  alcohol  in  contact 
with  the  air  like  platinum-black,  though  much  less  rapidly. 

l^^atinie  Sul^hide^  Pt**S*  is  prepared  : — 1.  By  dropping  aqueous  platinic  chlo- 
ride into  the  solution  of  an  alluiline  sulphydratc,  or  by  passing  sulphydric  gas  through 
a solution  of  sodic  chloroplatinate.  (The  precipitate  fonm\l  by  sulphydric  acid  in  a 
solution  of  platinic  chlonae  detonates  partially  when  heated.  )^2.  By  digesting  1 pt  of 
platinic  chloride  for  several  days  with  4 pts.  alcohol  and  1 pt.  sulphide  of  curlmn.  The 
mixture  then  concretes  into  a black  mass,  which  when  washed  with  alcohol  and  boiled 
sercral  times  with  water,  leaves  platinic  sulphide  to  be  dried  in  a vacuum. 

Platinic  sulphide  is  black.  hen  heated  iu  a closed  vessel,  it  gives  off  half  its  sul- 
phur and  is  converted  into  platinous  sulpliide.  When  it  Is  exposed  to  moist  air,  part 
of  its  sulphur  is  quickly  oxidised  to  sulphuric  acid.  Hot  nitric  acid  converts  it  into 
platinic  sulphite. 

Platinic  sulphide  dissolves  in  alkaline  hydrates,  carbonates  and  sulphides,  forming 
salts  culled  snlphoplutinates,  which  are  decomposed  by  acids. 

PXiATISirBI,  SUT^HOerrAVATES  OF.  See  Sui.PHOCTAXATKS. 

FXiATiarOTg-BABBS,  ABmovZACAJb.  (Reiset,  Compt.  rend.  x.  870;  xi. 
711 ; xviit.  1100. — Qros,  Ann.  Ch.  Pharra.  xxvii.  241. — Peyrone,  ihid.  li.  1;  Iv.  205; 
Ixi.  178. — Raewaky,  ilnd.  Ixiv.  309;  Ixviii.  316. — Oerhardt,  Compt  chim.  1849, 
p.  273 ; Ann.  Ch.  Pharm.  Ixxvi,  307 .-^m.  xvi.  296  et  sr^.) — The  chlorides,  oxides, 
sulphates  &c.  of  platinum  are  capable  of  taking  u^  ammonia,  and  forming  compounds 

which  may  be  represented  as  hydoramines  |»  bydrochloramines  | 


similarly  to  the  ammoniacal  compounds  of  mercury  (iii.  921^.  In  this 
formed  the  five  series  of  compounds  formulated  in  the  following  table,  : 
denotes  a monatomic  chlorous  radicle : 

manner  are 
Ln  which  R 

1.  DiammoDio-platinous  compounds 

2H-N  ) 

• Pt"R'  { " 

H«  >N« 
Pt"  i R* 

2.  Tetrammonio-platiBotis  compounds  . . 

4H*N  ( 

■ pn{*  { " 

H«»N* 

Pt'iR* 

3.  Diammonio-pUtinic  compounds 

2n*N  > 

• Pt"R<{  ” 

H‘  (N» 
PfjR* 

4.  Tetmmmonio-platinic  compounds 

4H*N » 
• Pt"RS 

5.  Octammonio-diplatinic  compounds  . 

8n*N  ) 

• - 

"rr 

IV  (o- 

Any  number  of  atoms  of  the  monatomic  radicle  R may  be  replaced  by  an  equivalent 
quantity  of  another  radicle,  mono-  or  polyatomic,  thus  giving  rise  to  oxychlorides, 
nitratoAdilorides,  oxalonitrates,  &c. 

1.  Liammonio^ptatinous  Compounds. — These  compounds  are  formed  by  the 
action  of  heat  on  those  of  the  following  series,  half  the  ammonia  of  the  latter  U ing 
then  given  off.  They  are  for  the  most  part  insoluble  in  water,  but  dissolve  in 
ammonia,  reprodadng  the  tctrammonio-platinous  compounds : they  detonate  when 
heated. 

C^/orirfe,  — Of  this  componnd  there  arc  three  isomeric  modifications: 

a.  Ye/loir,  obtained  by  adding  hydroehloric  acid,  or  a soluble  chloride,  to  a solution  of 
diammonio-platinouB  nitrate  or  sulphate,  or  by  boiling  the  green  niodifiention,  y,  writh 
nitrate  or  sulphate  of  ammonium,  whereupon  it  di.Hsolves  nod  forma  a solution  which, 
on  cooling,  aeposita  the  yellow  salt ; — or,  by  neutralising  n solution  of  platinous 
chloride  in  hyurochloric  acid  with  ciirbunute  of  ammonium,  healing  the  mixture  to 
VoL.  IV.  X X 
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the  boiling  Mint,  and  adding  a quantity  of  ammonia  equal  to  that  already  ooataiaed 
in  the  liquid,  Altering  from  adin^  green  subetance,  which  depoaiu  after  a while,  then 
leari^  the  solution  to  cool,  and  di^nting  the  supernatant  liquid  as  soon  as  the  yellow 
salt  is  deposited.  $.  in  the  last  mMe  of  preparation,  the  carboute  of 

ammonium,  instead  of  being  added  at  once  in  exceas,  be  added  drop  by  drop  to  the 
hydrochloric  acid  solution  of  platinous  chloride,  the  liquid  on  cooling  deposiis  small 
gamet-coloured  cr^sUls  baring  the  form  of  six-sided  tables.  This  red  modiAcation 
may  also  bo  obtained  in  other  ways  (Peyrone).  7,  This  modiAcation, 

usually  denominated  the  ffrren  salt  of  Matfnus,  was  the  Arst  discorered  of  the  sm- 
rooniacal  platinum  compounds.  It  is  obtained  by  gradually  adding  an  acid  solution 
of  platinous  chloride  to  caustic  ammonia;  or  by  passing  sulphurons  acid  gas  into  a 
boiling  solution  of  platinic  chloride,  till  it  is  completely  conrerted  into  platinous  chloride 
(and  therefore  no  longer  gives  a precipitate  with  sal-ammoniac)  and  neutralising  the 
solution  with  ammonia ; the  compound  is  then  deposited  in  green  needles.  The  same 
modiAcation  of  the  salt  may  also  be  obtained  by  adding  an  add  solntion  of  piatinona 
chloride  to  a solution  of  tetrammonio-platioous  chloride,  Hence  it 

would  appear  that  the  true  formula  of  this  green  salt  is  «■  Pt*'Cl*.N*H*Pt*Cl*, 

that  of  the  yellow  or  red  modidcation  being  simply  N*H*Pt"Cl*.  Either  modiAcation 
of  the  salt,  when  heated  to  300^,  gives  oAf  nitrogen,  hydrochloric  acid,  and  sal-ammo- 
niac, and  leaves  a residue  of  platinum. 

Platinous  chloride  forms  similar  compounds  with  ethylamino  and  meibylamine 
(p.  679). 

A rod  crystalline  compound  of  diammonio-platinous  chloride  with  chloride  of  am- 
monium, vix.,  N’H*PtCl‘'.2NU*Cl,  is  formed  when  a solution  of  tetrammonio-plstinoas 
chloride  containing  a large  quantity  of  sal-ammoniac,  is  evaporated  to  the  crystallising 
point  Thus,  when  a solution  of  platinous  chloride  in  hydrochloric  add  is  precipitated 
by  ammonia,  and  the  green  salt  of  Magnus  thereby  formed  is  heated,  while  still  in  the 
Uqmil,  with  excess  of  ammonia,  to  convert  it  into  tetrammonio-platinous  chloride,  this 
rod  compound  separates  at  a certain  degree  of  concentration,  together  with  the  tetram- 
monio-platinous chloride.  (Grimm,  Ann.  Ch.  Pharm.  zdz.  96.) 

Cyanide,  f*~Obtained  by  adding  hydrocyanic  acid  to  a solution  of  tetram- 

monio-platinous  oxide,  cyanide  of  aromonium  being  formed  at  the  same  time(Reiset); 

N'H'^PfO  + 4HCy  = N*H‘Pt"Cy«  -t-  2NH*Cy  + H*0. 

Also,  by  digesting  ammonio-platinous  chloride  with  cyanide  of  silver.  It  crystal- 
lises in  Ane  regular  needles  of  a pitle  yellow  colour,  soluble  with  tolerable  facility  in 
water  and  ammonia.  A polymeric  modiAcation  of  this  compound,  N*H'*Pt'Cy*  » 
N^H'*PtCy*.PtCy*,  is  fotmed  by  passing  cyanogen  gas  into  a moderately  concen- 
trated solution  of  tetrammonio-platinous  oxide;  the  cyanogen  then  decomposes  the 
water,  forming  hydrocyanic  and  cyanic  acids,  and  the  bydro^snic  add  acts  upon  the 
tetrammonio-platinous  oxide,  forming  the  compound  N*H'*Pl*Cy\  together  with 
ammonia  and  water: 

2N*H‘»PtO  + 4HCy  « N*H'*Pt*Cy«  + 4NH«  -r  2H»0. 

The  compound  N*II*’Pt*Cy*  crystallises  out  and  may  be  puriAcd  by  recrystallisation 
from  water.  It  is  also  obtained  by  mixing  a solution  of  tetrammonio- platinous  chloride 
with  (^anide  of  potassium.  It  forms  crystals  which,  under  the  microscope,  appear  like 
six-sided  tables  arranged  in  stellate  groups;  it  dissolves  without  decomposition  in 
potash,  hydrochloric  acid,  and  dilute  sulphuric  acid,  but  is  decomposed  by  strong  sul- 
phuric and  by  nitric  acid.  (Buchton,  Chem.  Soc.  Qu.  J.  iv.  34.) 

Iodide,  • — Yellow  powder,  obtained  by  boiling  the  aqueous  solution  of  the 

the  compound  N^H'*Pt"I*.  It  dissolves  in  ammonia,  and  is  thereby  reconverted  into 
the  latter  compound. 

Ox  i d e,  N*H‘Pl"0  * | — Obtained  by  heating  tetrammonio-platinous  hydrato 

to  1 10*^.  It  is  a greyish  mass  which,  when  heated  to  200^  in  a close  vessel,  gives  oAT 
water,  ammonia,  and  nitrogen,  and  leaves  metallic  platinum.  Probably  the  compound 
Pt*N*,  is  Arst  produced,  and  is  afterwards  resolved  into  nitrogen  and  platinam : 

3N*H«PtO  - Pt»N*  + 4NH»  -t-  3HK). 

The  oxide,  heated  to  200^  in  contact  with  the  air,  becomes  incandescent,  and  boms 
vividly,  leaving  a rosidne  of  platinum. 
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H* ) N*  H*  ) K* 

The  tidpkaU^  ^ 3q«*H*0,  and  the  nitrate,  obtained  by  boiling 

the  iodide  with  Buipbute  and  nitrate  of  silrer:  they  are  crystalline  and  have  a strong 
acid  reaction.  The  milphate  retains  an. atom  of  crykailtsadoo-watcr,  which  cannot  be 
removed  withemt  decomposing  the  salt. 

2.  Tetrammonto^platinoui  Compound$. 

Chloride,  compound  is  prepared  by  boiling  platinous  chloride, 

or  the  green  salt  of  Manus,  with  aqueous  ammonia  till  the  whole  is  dissolved, 
and  evaporating  the  liquid  to  the  crystallising  point.  Or,  by  passing  sulphurous 
acid  gas  into  tetrachloride  of  platinum  till  the  sedation  is  completely  dLcolorised, 
precipitating  with  carbonate  of  sodium,  dissolving  the  precipitate  of  sodio>platin- 
uos  sulphite  in  hydrochloric  acid,  satmmting  thw  resulting  solution  of  chloride  of 
sodium  and  platinous  chloride  with  ammonia,  and  dissolving  the  precipitate  of  di-  and 
tetrammonio-platinous  chloride  in  boiling  hydrochloric  acid  The  filtered  liquid  on 
cooling  deposits  the  former,  while  the  tetrammoniacal  compound  remains  in  solution 
and  may  be  obtained  by  evaporation,  mUod  however  with  sal-ammoniac.  It  separates 
in  bulky  crystals  of  a faint  yellow  colour,  containing  1 at  water,  which  is  completely 
given  oS  at  11 0^.  At  250<^  it  gives  off  ammonia,  and  leaves  diammonio-platinons 
chloride.  The  anhydrous  compound  rapidly  absorbs  water  from  the  air.  The 
hydrate  docs  not  give  off  ammonia  when  treat^  with  caustic  alkalis  in  the  cold,  and  is 
but  very  slowly  d<-composed  by  them,  even  with  the  aid  of  heat 

Ethylamine  and  methylammo  form  similar  compounds  with  platinous  chloride, 
Cp.  679). 

7\trammonio~platmou»  chloride  torroB  two  compounds  with  tetrachloride  of  platinum. 
The  first  whose  formula  is  2N*H‘*Pt’'Cl*.Pt‘*Gi*,  is  obtained  as  an  olive-green  pre- 
cipitate on  adding  tetrachloride  of  platinuid  • to  a solution  of  tetrammonio-platinous 
chloride;  thot  second,  N*il'*Pt''Cl*.Pt‘*CP,  by  trea  ’ 


tetrachloride  of  pliitiamD^ 


' treating  the-  preceding  with  excess  of 


Tttramnvmio<i^prioihplatinotu  chloride,  is  produced  on  adding  platinie 

chloride  to  a concentrated  ammoniaeal  solution  of  cuprous  chloride,  as  a violet  or-  grey 
precipitate  composed  of  prismatic  crystals,  insoluble  in  water  and  in  alcohol,  per- 
manent when  dry,  slowly  decomposed  by  water.  (Mi lion  and  Commaille,  Compt. 
rend.  IviL  822.) 

The  bromide  and  iodide  of  this  series  are  obtained  by  treating  the  solution  of 
the  sulphate  with  bromide  or  iodide  of  barium : they  crystaUiso  in  cuWs. 

Oxide,  — Obtained  by  decomposing  the  solution  of  the  sulphate  with 

an  equivalent  quantity  of  baryta-water,  and  evaporating  the  filtrate  in  vacuo.  A crys- 
talline mass  is  then  left,  containing  the  oxide.  It  is  strongly  alkaline  and  caustic, 
like  potash,  absorbs  carlwnic  acid  rapidly  from  the  air,  and  precipitates  oxide  of  silver 
horn  the  solution  of  the  nitrate.  It  is  a strong  base,  neotralising  acids  completely,  and 
cxpidling  ammonia  fft>m  its  salts.  It  melts  at  110°,  giving  off  water  and  ammonia, 
and  leaving  diammonio-platinous  oxide.  Its  aqueous  solution  does  not  give  off  ammo- 
nia, even  when  boiled. 

Carbonates. — The  oxide  absorbs  carbonic  anhydirde  rapidly  from  the  air, 
forming  first,  a neutral  carbonate,  N*H'*Pt"COMi^O,  and  afforwurds  an  acid  salt, 
N^H'^PfCO’H’CO*. 

tulphate,  Pt*[(NO*)**  obtained  by  decom- 

posing the  chloride  with  sulphate  or  nitrate  of  silver ; they  are  neutral,  and  crystallise 
easily. 

The  salt  “ obtained  by  boiling  the  green  salt  of  Magmw 

in  water  with  an  equal  quantity  of  ammonium-sulphite,  as  a white  powder,  insoluble 
in  alcohol  and  in  cold  water,  very  slightly  soluble  in  1x>iling  water,  hy  prolonged  ebul- 
lition with  excess  of  ammonium-sulphite,  a solution  is  formed  from  which  alcohol  throws 
down  oily  drops,  uniting  into  a glutinous  ma.ssof  variable  composition  ; and  the  alcohol 
used  for  the  precipitation  deposits  after  a while  small  white  flukes  of  another  sulphite, 
11*  ) N* 

Pt"{(SO*)**  Ann.  Ch.  Pharm.  Ixi.  178;  Gm,  n.  305.) 

X X 2 
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3.  Viammonio^platinie  Compoundi. 

The  chloride^  IV' obtained  by  passing  chlorine  gas  into  boiling  water  in 

which  diaromonio-platinotts  chloride  (the  yellow  modificstionf  p.  674)  is  suspended. 
This  compound  is  insoluble  in  cold  water,  and  very  slightly  soluble  in  boiling  water, 
or  in  water  containing  hydrochloric  acid.  It  dissolves  in  ammonia  at  a boiling  heat, 
and  the  solution,  on  cooling,  deposits  a ^llow  precipitate,  consisting  of  tetrammoniacal 
platinic  chloride.  The  compound  N’Il*Pt"Cl*  dissolves  in  boiling  potash  without 
evolving  ammonia.  A polymeric  compound, 

N*H'»a»ci*  - N‘n**Pt"a*.Pt"a*, 

is  obtained  by  passing  chlorine  into  water  in  which  Magnus's  p^en  salt  is  suspended. 
A red  crystalline  powder  is  at  first  precipitated,  consisting  of  N*H'*PtCI*.PtCl^ ; but  on 
continuing  the  passage  of  the  chlorine,  this  precipitate  redissolves,  and  the  solution 
yields,  by  evaporation,  the  crystalline  compound,  N*fl'*Pt*CP. 

H*  f 

mtratet, — An  oxynitraU^  obtained  by  boiling  the  chloride, 

N*H*PtCP,  for  several  hours  with  a dilute  solution  of  nitrate  of  silver.  It  is  a 
yellow  crystalline  powder,  sparingly  soluble  in  cold,  more  soluble  in  boiling  water. 

The  normal  nitrate,  j is  obtained  by  dissolving  the  oxynitrate  in  nitric 

acid : it  is  yellowish,  insoluble  in  cold  water,  soluble  in  hot  nitric  acid. 

The  ojNVfc,  N’H*Pl‘'0*  ■■  > q„  is  obtained  by  adding  ammonia  to  a boiUng 

solution  of  diammonio-platinic  nitrate  ; it  is  then  precipitated  in  the  form  of  a heavy, 
yellowish,  crystalline  powder,  comjK>sed  of  small  shining  rhomboidal  prisms ; it  is 
nearly  insoluble  in  boiling  water,  and  resists  the  action  of  boiling  potash.  Heated  in 
a close  vessel,  it  gives  off  water  and  ammonia,  and  leaves  metallic  platinum.  It 
dissolves  readily  in  dilute  acids,  even  in  acetic  acid,  and  forms  a large  number  of  crys* 
tallisable  salts,  both  neutral  and  acid,  having  a yellow  colour,  and  sparioglv  soluble  in 
water  (Gerhardt,  Compt  chim.  1849,  p.  273X  Another  compound  of  platioic  oxide 
with  ammonia,  called  fuiminating  platinum,  whose  composition  has  not  been  exactly 
ascertained,  is  produced  by  decomposing  chloroplatinate  of  ammonium  with  aqut'ous 
potash.  It  is  a straw-coloured  powder  which  detonates  slightly  when  suddenly  heated, 
but  strongly  when  exposed  to  a gradually  increasing  heat. 

The  oxy-oxalate,  formed  by  decomposing  the  nitrate  with  oxalate  of 

ammonium.  It  is  a light  yellow  precipitate,  soluble  in  boiling  water,  and  detonating 
when  heated. 

The  MulpkaUt  ^ obtained  by  dissolving  the  oxide  in  dilute  sulphuric 

acid  and  evaporating.  It  is  a yellow  powder,  having  an  acid  taste,  and  soluble  in 
boiling  water. 


4.  Tetrammonio-platinic  Compoundt. 

The  oxide  of  this  series  has  not  yet  been  isolated. 

Chloride^  passing  chlorine  gas  into  a solution  of  tetram- 

monio-platinons  chloride;  by  dissolving  diammonio-platinic  cliloride  in  ammonia,  and 
expelling  the  excess  of  ammonia  by  evaporation ; or  by  precipitating  a solution  of 
tetrammonio-platinic  oxynitrate  or  nitrato-chloride  (p.  677)  with  hydrochloric  acid. 
It  is  white,  and  dissolves  in  small  quantity  in  boiling  water,  from  which  solution 
it  is  deposited  in  the  form  of  transparent,  regular  octahedrons,  having  a faint  yellow 
tint  When  a solution  of  this  salt  is  treated  with  nitrate  of  silver,  one  half  of  the 
chlorine  is  very  easily  precipitated,  but  to  remove  even  a small  portion  of  the  remainder 
requires  a long-continuod  action  of  the  silver-salt  (Grimm).  A compound  haring 
the  formula  N*H'*PtCl*.  containing,  therefore,  2 at  Cl  and  2 at  H less  than  the  pre- 
ceding. is  obtained  by  dissolving  cmloroplatinate  of  ammonium  in  ammonia,  and  pre- 
cipitating by  alcohol ; but  it  doi*s  not  ciystallise,  merely  drying  up  to  a pole  yeUow 
resinous  mass : bence  its  composition  is  doubtful. 

Chlorobromide,  H**N^Pt‘'Br*Ci*.— Prepared  by  treating  letranunonio-plstinous 
chloride  with  bromine. 
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Nitratet. — A basic  nitrate  or  oxynitratc 


N* 


, Pt„j(NO*)’,  is  produced  by  boiling  the 


nitrsto-chloride  b with  ammonis.  It  is  a white  amorphous  powder  slightly  soluble  in 
cold,  more  soluble  in  boiling  water. 

TTll( 

Nitrato-ehloride,  n-i.i (NO*)’. — This  salt,  discovered  by  Oros,  is  obtained  by 
” ( Cl’ 


treating  Magnus's  green  salt  with  strong  nitric  acid.  The  green  componnd  first  turns 
brown,  and  is  afterwards  converted  into  a mixture  of  platinum  and  a white  powder, 
which  is  dissolved  out  by  boiling  water,  and  crystallises  on  cooling  in  shining,  fisttened, 
colourless  or  pale  yellow  prisms : 


2N’H*PtCl’  + 2HNO’  . N'H'’PtCl’(SO’)’  + Pt  + 2HC1. 


This  salt  dissolves  readily  in  water,  especially  when  heated.  The  chlorine  and  pla- 
tinum contained  in  the  solution  cannot  be  detected  by  the  ordinary  reagents ; tliua 
nitrate  of  silver  and  solphydric  acid  yield  but  Very  trilling  precipitates  even  after  a long 
time. 


Oxalochloride, 


H”) 

Pi" 


X(C*0'r.— ( 

( ci» 


Oxalic  acid  or  an  ulkalioe  oxalate  added  to  the 


solution  of  the  corresponding  solphato-chloride  or  nitmto-cliloride  throws  down  this  salt 
in  the  form  of  a white  granmar  precipitate,  insoluble  iu  water. 

Oxalo^nitrate^  Deposited  as  a white  crystalline  body  £^m  the 

^ l(NO*)* 

solution  of  octammonio-diplatinic  oxalo*nitrate  in  dilute  nitric  acid. 

— Obtained  as  a crj-stalline  precipitate 

^ I Cl 


on  mixing  a warm  concentrated  solution  of  the  nitmto>ch]oride  with  trisodic  phos* 
pliate  ; from  cold  dilute  solutions  the  salt  cr3r^talliseK,  at'ter  a longer  time,  in  radiate 
groups  of  small,  white,  strongly  lustrous  ne^les.  It  is  nearly  insolublo  in  cold, 
and  only  slightly  soluble  in  boiling  water.  (Raewsky.) 


H**  ( ^ 

SulphatO'Chloridc^  (SO*)*. — Obtained  by  treating  tetrammonioplatinic  chlo- 

( Cl* 

ride  or  nitrato-ehloride  with  dilute  sulphuric  acid,  or  by  mixing  the  solution  of  the 
nitratOH^hioridu  with  a strong  solution  of  a soluble  sulphate.  It  crystallises  in  slender 
needles,  sparingly  soluble  in  cold,  moderately  soluble  lu  boiling  water.  The  sulphuric 
acid  in  the  solution  is  not  precipitated  by  barium-salts.  The  sulphato-chloride  is, 
howoTer,  decomposed  by  hydrochloric  or  nitric  acid,  either  of  which  takes  the  place  of 
the  sulplmric  acid,  repr^ucing  the  chloride  or  nitrato-ehloride.  (Oros.) 


5.  Octammonio-diplatinic  Compoundi. 

H**  I N" 

Oxynitraie  or  Ba$ic  Nitrate,  Pt”  >(NO*)*. — This  salt  is  produced  by  boiling  di- 

Pt”)  0* 

ummonio-platinous  oxynitratc  (p,  676)  with  nitric  acid.  It  is  a colourless,  crystalline, 
detonating  salt,  slightly  soluble  in  cold  water,  more  soluble  in  boiling  water,  insoluble 
in  nitric  acid.  (Gerhardt) 

H** 

Nitrat-oxyehloride,  Pt” 

Pt‘» 

when  Magnus’s  green  salt  is  boiled  with  a la^  excess  of  nitric  acid.  Red  fumes  are 
then  erolred,  and  the  resulting  solution  deposits  the  nitmt-oxyohloride  m small  brilliant 
needles  which  deflagrate  when  heated,  giving  ofif  water  and  bal-ummoniac  and  leaving 
metallic  platinum. 

• Raewiky  iMlni  to  thli  Mlt  th»  formfiU  SSH^.Pl-CI^O^.SN^O',  which  cont«<ni  S at.  ox^ftn  more 
than  that  above  giTen.  and  correaponding  formula  to  all  the  other  aalta  of  thla  aerie*.  Sucb  formulw, 
however,  could  not  be  reduced  to  any  type  tlmilar  to  lho*e  by  which  Che  other  anmonlacal  platinum- 
compound*  are  reoreaented,  and  moreover  Raewiky'*  platlnuixi.determlQatlon*  appear  to  be  all  too 
low,  having  been  made  by  a method  which  almoat  aeceaaarily  Involves  a lou  of  plaliotun.  Gerbardt 
therefore  propoeed  the  luramlc  above  giv«u. 


N* 

.• — This  salt,  discovered  by  Raewsky,  is  formed 
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The  nitric  acid  in  this  salt  may  be  replaced  by  an  equiralent  quantity  of  carbonic  or 


oxalio  acid,  yielding  the  salts  I't" 
Pt“' 

ingly  soluble  and  easily  crystiUlisable. 


N* 

(CO*)’ 

0" 

a* 


and  Pt” 
IV 


N* 

^ Q.  ’ , both  of  which  are  spar- 
Cl’ 


N* 


1 fC*0*l* 

A oatic  oxalonUraie,  Pt”  • insoluble  in  water,  is  obtained  by  adding 

oxalate  of  ammonium  to  the  oxyniirale.  (Oerhardt.) 


Thcorits  of  the  Conatitution  cf  the  Ammoinacal  riatinum^eompounds. 


a.  These  compounds  ma^  be  formulated  as  salu  of  ammonium-bases,  if  it  be  ad> 
mitted  that  the  hydrogen  in  the  ammoniiim-moleculo  may  in  some  cases  be  partly 
replaced  by  ammonium  itsolf^  in  others  by  the  diatomic  radicles,  Pt*’Cl*  and  : 

thus,  taking  tho  chlorides  for  example: 


N»H«Pt"a* 

Dlammnnlo. 
pUtInouf  chloride. 


N*(n‘pr).ci*. 

Chlonde  uf  PUtoeOw 
ditmmonium. 


Tetraramonlo- 
platinoui  chloride. 


N*[H'(NH‘)*Pt'’].Cl> 

CblorMe  of  DlammopiaUMO> 
dianunonium. 


N’HWCl* 

Ulammmilo« 
platiolc  chloride. 

N^H'WCl' 

Tetrammoolo- 
pliitinic  chloride. 


N«[H*(Pt"Cl*)'].a*. 

Chloride  of  ChloropUtoto* 
dUmmontuin. 

NVH'»Pt'').a*. 

Chloride  of  Platino- 
tetremrooniuoi. 


In  like  manner,  dJammonio-platinic  oxidi%  N’H*rt'*0*,  may  be  formnlat«d 
as  oxide  of  ox^'platosammonium,  N*i^H*(Pt‘*0y'].0 ; diammunio-platiuie  oxynitraf^, 

N*H*  Pf'  I ( as  nitrate  of  oxyplatosodiammmonium,  N*[lI*(Pt'^0)'].(NO*)* ; 

((NO*)* 

Kaewsky  s octammonio-diplatinic-nitratoxychloridc,  N*H**.Pt*<  O',  as  nitrate  of  am- 

I Cl* 

mo-oxychloro-platino-tetpammonium,  N*[H“(NH*)*(Pt‘*0)'(Pt‘*Cl*)'](N0*)*,  &c., 

Gerhardfs  Theory.  Gerhardt  regards  tho  ammoniacal  platinum-oompounds  as 
salts  of  ammonia-bases  formed  bvtbo  substitution  of  oneortwo  equivalents  of  platinum 
for  hydrogen  in  a single  or  double  moleciJeof  ammonia,  NH*,  admitting,  however,  that 
platinum  may  enter  its  compounds  with  two  different  equivalent  weights,  name^  aa 
^atinotnm  « 98  7 =<  Pt,  aud  as  ^latinicxim  *a  49’3*')  ■>  pt.  This  ^ing  admitted, 
the  ammonio-platinous  com[v»unds  may  be  r»*garded  as  salts  of  platosamine  NH*Pt 
and  of  diplatosaniine  N’H‘Pt,  and  the  ammonio-plalinic  compounds  as  salts  of 
platinamine  Nllpt*  and  of  diplatinamtne  N’H*pt*:  thus 


J(N*H*Pt"Cl*) 

Dismtnonlo- 
platinout  chloride. 

i(N*H'»PtTl*)  = 

Tetraramonio- 
plotinou*  chloride. 

J(N»H*Pt‘'Cl<)  . 

Diamtnonlo* 
plsUok  chloride. 

j(S‘H'»pt'’a*)  = 

Tetrammonio- 
pUUoic  chloride. 


Tetremmonlo-plAtlnic 

Nitrato-chloridc. 

N*H«.:ft*(N0’)‘Cl*0 

OetMnmonl^^tiplalinir 

nitrstoxychloruliv 


Nim.HCl. 

llj-drochlorale  of 
Platoxainliie. 

N>H*Pt.Ha 

Hrdrochlorate  of 
DiplatoMmioe. 

NHpt*.2Ha. 

Dibfdrochlorate 
of  PUtiiMinint. 

N’H'i>l*.2HCl. 

llihydrochlorate  uf 
DipUiluamine. 


Chlorhydro*nUr»t« 
of  DipUtiasmiae. 

2[2N*H*pl’|H„%.].lPO 

SctqiiicMorbydroDiiriiu 
of  Dlplntiasmicie. 
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Tb«0e  formula,  hovoror,  as  well  as  those  based  on  the  anunoninm-type  (p.  678), 
most  bo  regarded  merely  as  numerical  expressions,  and  not  by  any  means  as  repre> 
sentatioos  of  the  rationail  constitution  of  the  compounds. 

>^ATXymf"H  ABItSi  OSOAVXO.  Mcthylamine  and  ethylamine  act  readily 
at  ordinary  tomperatures  on  platinous  chloride  suspended  in  water,  forming  compounds 
analogous  in  composition  ana  properties  to  IHagnus’s  green  salt  (p.  674).  The  methyl^ 

amine-»alt,  (CH*N)*Pt’Cl*  -■  Pt*'Cl*.(CH“N)*Pl"Cl*,  is  a chrome-green  powder;  the 

etkylamine^Mlt,  (C’H^)*1^’C1*,  is  chamois-coloured ; both  are  insoluble  in  water.  The 
metbylamine  salt  boiled  in  a sealed  flask  with  excess  of  methylamine,  gradually 
dissolres,  leaving  only  a small  quantity  of  a black  detonating  substance  analogous  to 
fulminating  platinum  (p.  676),  and  the  solution  eraporatM  to  a syrup,  ultimately 
solidifies  to  a crystalline  mass  of  the  salt  (CH*N)*Pt"Cl’,  analogous  to  tetnunmonio- 
platinous  chloride  (p.  678).  The  €ihylamine-aalt  (C*H’N)*.Pt'  Cl*,  prepared  in  like 
manner,  crystallises  in  splendid  colourless  prisms  containing  2 at.  water,  moderately 
soluble  in  water,  sparingly  so  in  alcohol.  This  salt  treated  with  sulphate  of  silver 
yields  chloride  of  silver,  and  tttrethylam7nonio-j)latinoiu  sulphate  (C*H’N)*.Pt*(SO*), 
in  colourless  crystals  of  considerable  size.  (Wurtz,  Ann.  Cm  Phys.  [3]  xzx.  443.) 

Ckinoline  heated  to  boiling  with  platinous  chloride  forms  a {»le  yellow  powtier, 
(C*H'N)*.Pt"CP,  which  is  nearly  insoluble  in  water,  but  dissolves  in  excess  of  chino* 
line,  forming  a solution  from  which  acids  throw  down  the  yellow  hydrochloraUf 
(C*H^N)*.PtXl*.2HCl:  this  latter,  when  boiled  with  chinoline,  is  reconverted  into  the 
original  substance.  (Or.  William^  Jahresb.  1858,  p.  357.) 

IHperidine  forms  under  similar  circumstances,  and  with  energetic  action,  a yellow 
compoand(OH‘'N)*Pt''Ci*,solublein  a large  quantity  of  boiling  water.  (Gr.  Williams.) 

PlLATXWM-B&ACaL  See  FLATunrif  (p.  666). 

V&ATZHITM-OU  or  Native  Platinum.  This  ore  is  usually  found  In  auriferous 
alluvial  sand  or  drif^,  in  thin  scales  or  irr^ular  grains  not  exceeding  the  size  of  a 
small  pea,  occasionally  however  in  larger  masses  or  nuggets ; one  of  these  weighing 
80(1  grammee  was  found  in  the  gold  mine  of  Condoto,  Peru;  and  in  the  mines  of 
Demidoff  in  the  Ural,  masses  have  been  found  weighing  6^,  9,  and  kilogrammes. 

Platinum-ore  is  composed  essentially  of  platinum,  indium,  osmium,  palladium, 
rhodium,  rutbeninm,  iron,  copper,  and  osmide  of  iridium,  with  which  also  are  associated 
chrome-iron,  titaniiarons  iron,  amall  sales  of  alloys  of  gold  and  silver,  small  hyacinths, 
and  small  quantities  of  mercury  and  sand. 

Analysts:  a.  From  Giroblagodat  in  the  Ural;  non-magnetic : a.  byBerielius 
(Pogg.  Ann.  xiii.  435,  527,  553);  6-  by  Claus,  Biitrdge  zur  Oesehichte  dtr  iVa/in- 
nutalU,  Borpat,  1854,  p.  60).— 5.  From  Nischne  Tagilsk:  a.  hy  Osann  {Patnmelsber^s 
MineraUhemie^ -a.  11);  6.  Very  dark  grey;  magnetic;  y.  Dork  grey,  non-m^etic 
grains  (Berielins). — c.  From  Barbacon,  Oregon:  larger  grains  (Berzelius). — 
d.  From  the  same  locality  (Clans). — e.  From  Ifomeo  : small  grains  (after  deduction 
of  3'8per  cent,  osmide  of  iridium  and  0'2  gold  (Bocking,  Ann.  Ch.  Pharm.xcvi.  243). 
— f.  From  the  same:  lamins  or  flat  grains  (af^  deduction  of  3*97  per  cent,  gold  and 
fl  SSinsolnble  matter,  containing  osmide  of  iridium  and  1*63  per  cent,  cupric  and  ferric 
oxides)  (Bleckerode,  Pogg.  A^.  ciii.  656). 
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Rhodium 
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Iridium 
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Palladium  . 
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0-20 

0-28 

0-30 

1*06 

100 

1-69 

Iron 

8-32 
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10*79 

11*04 
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5*31 
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11  12 

6-78 

CopiM'r 

0-46 

0-86 

1-30 

0 70 

6-20 
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0*64 

0-14 

0-39 

AdmUtares,  06iniri-) 
dium  &C.  { ' 
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1*96 

2-30 

0-72t 
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98-75 
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98-36 

100-00 

■ TtM  loM  coiuiita  partly  of  otmium. 
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Thr  following  tal>le  contains  the  results  of  analyses  of  platinum-ore  from  xiriou 
localities  by  Deville  and  Debray. 
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HCetliods  of  Analysis*  The  first  complete  method  of  analysing  platinum-on- w&s 
girt-n  by  Berzelius  in  1828  ; this  will  be  found  fully  descriljed  in  GnitlinB  Handhtook 
(ri.  2o9— 264).  Claus  in  18.34  {Bcitriigc  cur  Gmchirhte  dtr  PhtinmctalU)  proposed 
a simpler  and  in  wjme  res|>ect8  more  exact  method,  and  recently  another  metho<i  has 
bt'cn  devised  by  Deville  and  Debray  (Ann.  Ch.  Phys.  [3]  Iri.  385;  Jahresb, 
IS.'iO,  p.  243). 

Claus*  8 Methnd.  a.  Mechanical  j^rparation  of  the.  ore  and  solution  in  «»Vn»- 
muriatic  acid. — This  part  of  the  operation  is  performed  by  Claus  in  the  »ime  xnuuner 
as  by  Berzelius. 

The  ore,  after  being  freed  from  grains  of  foreign  matter  by  mechanicjil  separitloD, 
and  by  the  magnet,  is  treated  with  dilute  hydrochloric  acid,  which  dissolres  ferric 
oxide  and  metallic  iron.  It  is  then  heated  in  a tubulated  rt'tort  baring  a coolnl 
receiver  adapted  to  it,  wdth  concentrated  hydrochloric  acid,  to  which  strong  nitric  acid 
is  addcnl  from  time  to  time,  as  the  action  diminishes  in  intensity.  An  excess  of  nitric 
ncid  must  be  aroided,  because  it  would  decompose  the  ohloridi-  of  iridium,  and  cause 
the  separation  of  oxide  of  iridium  on  evaporation.  The  heat  is  continued  fill  the 
residue  in  the  retort  la'comes  syrupy  and  solidifies  on  cooling;  the  saline  mass  is 
diasolr<*d  in  a small  quantity  of  hot  water;  and  the  solution  is  cun-fully  decanted  from 
the  insoluble  residue.  The  di^tillate,  which  has  a yellowish  colour  arising  from  chloride 
of  platinum  which  has  spirted  over,  is  then  poured  npon  the  residue,  and  distilled 
again,  without  boiling,  whereupon  a colourIe>«  distillate  of  dilute  osmic  acid  is  obtruned. 
Sb  uid  the  residue  still  contain  any  soluble  matter,  it  roust  be  sgain  treated  in  the 
same  manner  with  aqua-regia. 

The  distillate  is  neutralised  with  ammonia  or  lime;  saturated  with  sulphydric  acid 
gas  in  a bottle  nearly  filled  with  it:  and  set  aside  for  some  dsvs  with  the  Wtle  closed 
fill  the  precipitate  settles  down;  after  which  the  watery  liquid  is  separated  from  the 
sulphide  of  osmium  by  decantation  and  filtering.  In  this  manner  the  quantity  of 
osmium  In  the  distillate  is  deterrainefl  (p.  244). 

$.  Separation  of  the  cthjr  metals. — The  mode  of  separation  is  founded : first,  on  the 
insolubility  of  cbloroplatinate  of  ammonium,  and  the  corresponding  salts  of  iridinm, 
osmium  aud  ruthenium,  also  of  chlororuthenite  of  ammonium,  in  SHl-ammoniac  solution ; 
.econdly,  on  the  solubility  of  chloriridito  of  ammonium  (iii.  318),  and  of  the  cor- 
responding rhoilium-salt  in  sal-ammoniac  solution  ; and  thinlly,  on  the  convertibility 
of  ehloriridate  of  ammonium  into  chloriridite  by  the  action  of  sulphydric  acid. 

The  solution  eontnining  the  platinum  &c.,  after  being  separated  from  the  resi^lac, 
is  evaporated  to  dryness  over  the  water-bath  in  a porcelain  basin,  and  heatetl  for  some 
time  in  a sand-bath  to  140^—150®  in  order  to  convert  the  tetrachloride  of  iridium  into 
trichloride.  A small  quantity  of  hydrochloric  acid  is  then  ad<led  ; the  whole  is  dissolved 
in  water,  and  mixed  with  a strong  solution  of  sal-ammoniac : and  the  resulting  pre- 
cipitate of  chloroplalinate  of  ammonium  is  eollecte4l  ou  a weiglirnl  filter,  washed  with 
dilute  sal-ammomac,  then  with  alcohol  of  0 80®  ; when  dried  and  weighed  it  gives  the 
quantity  of  platinum.  This  platinum  contains  merely  a small  quantity  of  iridium, 
from  which  it  may  bo  freed  by  solution  in  nitromuriatir  acid  containing  an  excess  of 
nitric  acid.  Thu  iridium  is  then  left  behind,  and  maybe  calcined  with  the  filter,  the 
rwluced  by  hydrogen  and  weighed. 

The  mother-liquors  from  which  the  cbloroplatinate  of  ammonium  has  sepamted.  are 
mixed  with  the  wash-waters,  and  exposed  to  the  action  of  a current  of  clilorine  till 
they  assume  the  brown-rod  c««loar  of  tetrachloride  of  iridium,  then  evaporated  to 
dryness  over  the  water-bath  ; and  the  dry  mass  reduced  to  fine  powder  is  treatcil  with 
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alcobol  of  80  per  cent  till  the  washing  become  quite  colonriees.  The  filtered  li'oaid 
contains  all  the  il!^)n  and  copper — which  rony  he  determined  by  the  ordinary  methoos — 
with  scarcely  any  traces  of  the  platinum-metals. 

The  residue  insoluble  in  alcohol  contains  all  the  platinnm-metals  except  osminm ; 
the  quantity  of  rutbeninm  in  it  is  howerer  too  small  to  be  eetimatod.  By  washing  it 
with  a dilute  solution  of  sal-ammoniac,  till  the  liquid,  which  is  red  at  first,  runs  off 
colourless,  the  rhodium  and  palladium  are  entirely  dissolyed,  while  platinum  and 
iridium  remain  behind  {A).  The  solution  is  eraporated  to  dryness  ; the  dry  residue 
is  calcined  in  a closed  platinum  crttcible,  then  reouced  by  hydrogen,  and  the  mixture 
of  rhodium  and  palladium  is  weighed.  The  two  metals  are  then  treated  with  nitro- 
muriatie  acid ; the  resulting  solution,  which  contains  all  the  palladium  together  with 
a little  rhodium,  is  eraponitod  nearly  to  dryneas,  mixed  with  a drop  of  caustic  soda- 
solution,  and  precipitated  with  cyanide  of  mercury;  and  the  precipitate,  after  washing, 
drying,  and  ignition,  is  reduced  with  hydrogen  and  weighed  as  palladinm.  The 
quantity  of  this  mcbil  dodneted  from  the  total  weight  of  the  two  metals,  gives  the  weight 
of  the  rhodium. 

The  residue  (A)  containing  platinum  and  iridium  is  heated  with  water  to  the  boiling 
point,  and  mixed  with  a (quantity  of  aqoeons  snlphydric  acid,  sufficient  to  convert  the 
tetraeliloride  of  iridium  into  trichloride.  The  liquid,  highly  concentrutod  but  not. 
filtered,  is  next  mixed  with  a strung  solution  of  sal-ammoniac,  whereby  all  the  platinum 
is  precipitated,  and  the  iridium  retained  in  solution.  The  liquid  is  filtered;  the  pre- 
cipitate washed  with  a strong  solution  of  sal-ammoniac;  the  filtrate  evaporated  to 
d^’ness;  the  salt  carefully  ignited ; and  the  iridium  weighed  after  reduction  in  a 
stream  of  hydn^en.  The  platinum-salt  is  likewise  ignited,  and  the  quantity  of 
platinum  which  remains  is  added  to  that  prerioualy  obtained.  To  prevent  lues,  it  is 
advisable  to  wrap  Up  the  saline  mixture,  which  contains  a large  quantity  of  sal- 
amrooniai^  in  filter-paper,  and  ignite  it  as  carefully  as  possible. 

• The  residue  insoluble  in  nitromuriatic  acid  is  disintegrated,  according  to  Wohler's 
method  (iii.  314),  by  mixing  it  with  chloride  of  sodium,  and  igniting  it  three  times 
in  a stream  of  moist  chlorine.  The  mass  is  then  digested  several  times  with  water, 
and  the  united  solutions,  which,  besides  a large  quantity  of  common  salt,  contain  all 
the  platinum-metals  (but  only  a small  quantity  of  palladium)  and  considerable 
quantities  of  iron  and  copper,  are  strongly  concentrated  and  treated  with  chlorine  to 
convert  the  trichloride  of  undium  into  tetrachloride.  A strong  solution  of  sal-ammoniac 
is  then  added,  which  after  a while  throws  down  the  whole  of  the  platinum,  iridium, 
ruthenium,  and  osmium,  while  rhodium,  palladium,  iron  and  copper  remain  in  solution. 
The  precipitate  is  washed  with  water  containing  sal-ammoniac,  then  dissolved  in 
boiling  water,  and  the  solution  is  kept  for  some  time  at  the  boiling  beat,  and  mixed  writh 
a few  <lrops  of  ammonia,  which  precipitates  osmium  and  ruthenium.  To  separate 
these  metals,  the  pn*cipitate  is  fused  in  a silver  crucible  with  a mixture  of  2 pts.  nitrate 
and  1 pL  hydrate  of  potassium,  and  the  fused  mass  is  treated  with  distilled  water, 
whereby  a solution  of  osmiate  and  rutheniate  of  potassihm  is  obtained.  The  mtheninm 
is  then  precipitated  as  trioxide  by  nitric  acid,  and  separated  firim  any  osmium  that  it 
may  still  contain  by  distillation  with  nitric  acid;  the  osmium  in  the  solution  is  like- 
wise separated  in  the  same  manner.  The  residue  containing  ruthenium  and  nitrate  of 
potassium  b treated  with  hydrochloric  acid,  and  the  liquid  is  concentrated  by  evapora- 
tion. On  cooling  it  deposits  crystals  of  nitre,  and  tlie  mother-liquor,  on  further  con- 
centration, deposits  chlororutbeniste  of  potassium,  from  which  the  rutbeninm  may  be 
senmted  in  the  metallic  state  (see  KrTUixiUM). 

The  solution  containing  the  platinum  and  iridium  is  treated  for  the  separation  of 
these  metals  in  the  manner  above  described.  See  also  Osmiridiuh  (p.  240). 

Drville  and  Bebray't  method, — I.  To  determine  the  sand  (quartz,  xircon, 
chrome-iron,  and  titaniferous  iron),  2 grammes  of  the  ore  are  fused  in  a small  earthen 
crucible,  with?  to  10  grammes  of  pure  granulated  silver  and  10  grammes  of  fused  borax; 
and  after  cooliug,  the  button  of  silver  which  contains  the  osmium,  platinum,  and  all 
the  other  metals,  is  detached,  and  digested  if  necessary,  with  weak  hydrofluoric  acid, 
to  remove  the  last  portions  of  borax, — then  dried,  heated  to  redness,  and  weighed. 
The  weight  of  tlie  button  deducted  from  the  sum  of  the  weights  of  the  ore  and  the 
silver  employed,  gives  the  quantity  of  sand  in  the  ore. 

2.  To  determine  the  Osmiridi um.—Two  grammes  of  the  ore  are  digested 
nt  70'^  with  nitromuriatic  acid  (composed  of  2 vols.  strong  hydrochloric  and  1 vol. 
strong  nitric  acid)  till  the  platinum  &c.  is  completely  dissolved,  renewing  the  nitro- 
murintic  acid  till  it  no  lorger  becomea  coloured  after  12  or  15  hours’  action.  The 
solution  is  very  carefully  decanted  from  the  residue  (any  spangles  of  osmiridium 
that  it  may  deposit  on  standing  being  collected  on  a filter  and  added  to  the  residue) ; 
and  this  residue  is  thoroughly  washi*d  by  decantation,  then  dried  and  weighed.  Tlie 
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difference  between  this  weight  and  that  of  the  land  prenoQ&ly  determined  gimi  tbi 
weight  of  the  oamiridiinn/ 

The*  rt'guline  mass  free  from  sand,  obtained  in  the  first  stage  of  the  procesa,  majaiso 
be  used  fur  the  estimation  of  the  osmiridium,  the  silrer  contained  in  it  being  diisolred 
out  bj  nitric  acid,  and  the  residue,  which  contains  the  oamiridium,  treated  in  the 
manner  just  described. 

3.  To  determine  the  platinum  and  iridium,  the  solntion  obtained  bj  treating  the 
ore  with  nitromuriatic  acid  is  evaporated  nearly  to  dryness  at  a gentle  heat;  the  residu 
is  treated  with  a small  quantity  of  water  (in  which  it  should  dissolve  completely),  then 
with  a Tolomo  of  nure  lUi'ohol  cqusi  to  twice  that  of  the  water;  a large  excess  of  pare 
cr^allised  chloriao  of  ammonium  is  added;  and  the  liquid  is  gently  warmed  till  the 
ml-ammoniot'  is  nearly  dissolved,  then  stirred,  and  left  at  rest  for  24  hours.  The 
resulting  precipitate  containing  the  platinum  and  iridium  (bat  not  the  wholf*)  is  col* 
lecUd  on  a filter,  washed  with  alcohol  of  76  per  cent,  then  dried  and  ignited  at  the  lovest 
possible  tempemture — strips  of  paper  moistened  with  oil  of  turpentine  being  repeatedly 
thrown  into  the  crucible  after  the  filter  has  been  burned,  in  order  to  reduce  the  oxide 
of  iridium  and  expel  the  last  traces  of  osmium, — and  finally  heated  to  whiteness  till  the 
weight  becomes  constant.  The  mixture  of  platinum  and  iridium  thus  obtained  is 
weighed  and  digested  at  40*^ — 60^,  with  nitromuriatic  acid  diluted  with  four  or  fi^e 
timee  its  weight  of  water,  the  liquid  being  renewed  frum  time  to  time  till  it  no  longer 
becuraes  coloured ; the  undissolved  portion  is  pure  iridium.  The  liquid  decanted  from 
the  above-mentioned  precipitate  (containing  platinum  and  iridium)  formed  by  the 
sal-ammoniac,  is  evaporatea  till  a great  part  of  the  sal-ammoniac  has  crystallised  oat, 
and  filtered  when  cold;  it  then  deposits  a small  additional  quantity  of  platinifennis 
chloriridiate  of  ammonium,  which  is  to  be  washed  with  solution  of  sal-ammoniac,  thru 
with  Hl(*ohol,  ami  treat<d  as  above. 

4.  The  alcoholic  liquid  fteed  from  platinum  and  iridium  by  precipitation  with  tal* 
ammoniac  still  contains  palladiom,  iron,  copper,  gold  and  rhodium.  It  is  freed  ftom 
alcohol  by  wanuing,  from  sal-ammoniac  by  digestion  with  excess  of  nitric  acid  (which 
resolves  this  salt  into  nitrogen  and  hydrochloric  acid),  then  evaporated  nearly  to  dry* 
nohs.  The  residue  is  completely  dried  in  a porcelain  crucible  which  can  be  covered, 
then  moistened  with  concentrated  aqueons  sulphide  of  ammonium,  carefully  and  com* 

Elctcly  dried  after  addition  of  2 or  3 pts.  of  pure  flowers  of  sulphur,  and  finally 
eatid  to  bright  rt'dncss,  the  porcelain  crucible  being  placed  within  a covered  earthen 
crucible,  so  that  lumps  of  charcoal  may  bo  placed  between  the  two,  and  ignited  from 
alx>ve  downwards.  The  weightd  contents  of  the  crucible,  consisting  of  reduced  palls* 
dium,  sulphide  of  iron,  Fe*S*,  sulphide  of  copper,  Cu*S,  and  metallic  gold  ainl  rhodium, 
are  digest<d  for  some  time  at  70°  with  rather  strong  nitric  acid,  which  diawh’cs 
pallmlium,  iron  and  copper;  the  solution  iscvuporuttd  to  dryness;  the  residue  heatM 
to  dull  redness  ; and  the  ignited  mass  treated  with  somewhat  dilute  hydrochloric  arid 
which  dissolves  the  iron  and  cop{>er  ais  ferric  and  cupric  chlorides,  leaving  palladium 
uudissolvcd.  On  evaporating  the  solution  to  dryness  at  100°,  and  treating  the  residue 
with  aqueous  ammonia,  the  copper  dissolves  as  cupric  chloride,  while  the  iron 
remains  os  ferric  oxide.  The  ammoniacal  solution  is  concentrated,  the  copper  converted 
into  nitrate  by  addition  of  nitric  acid  and  eraporation,  then  into  cupric  oxide  by 
igniting  the  n'sidue.  and  weighed  in  that  form.  Lastly,  the  portion  of  the  contents  ^ 
the  porcelain  crucible,  insoluble  in  nitric  acid,  consisting  of  gold  and  rhodium,  is 
digested  in  weak  nitromuriatic  acid,  which  dissolves  the  gold  and  leaves  the  rhodlunt 
It  is  by  this  method  that  the  analyses  of  platinum-ore,  the  results  of  which  ape  gi^rti 
at  page  680,  were  made.  For  the  commercial  assay  of  platinum-ores,  D6rille  sod 
Debrny  give  the  following  method. 

The  golil  is  extracted  by  repeatedly  treating  the  ore  with  small  quantities  of  me^ 
cury  and  weighed  after  distilling  off  the  mercury  from  the  liquid  amalgam.  This  pro* 
cess  makes  the  amount  of  gold  rather  too  small ; on  the  other  hand,  it  is  obtain^ 
slightly  in  excess  by  treating  tbo  ore  with  weak  nitromuriatic  acid,  evaporating,  and 
igniting  the  residue. 

The  sand  is  detennined  as  above  described  (p.  681). 

To  determine  the  p 1 at  i n u m,  50  gnns.  of  the  ore  are  fused  with  76  grms.  of  pure  lead, 
50  grms.  of  pure  well  crystallised  galena,  and  10  to  16  grms.  of  borax,  the  heat  being 
raistd  to  the  melting  point  of  silver  and  kept  at  that  temperature  till  no  more  grains 
of  platinum  con  be  perceived  on  stirring  the  fused  mass  with  a pipe*stem.  after  which 
the  heat  is  increased  and  60  grms.  of  litharge  are  gradually  added  in  proportion  as  it 
is  reduced.  The  whole  is  then  left  to  cool,  and  the  reguline  mass,  after  being  cleansed 
from  slag,  is  weighed.  The  mass,  weighing  about  200  grms.,  contains  the  platinam* 
metals  alloyed  with  lead,  also  the  osmidc  of  iridium  mixed  up  with  its  lower  parti 
while  the  iron  and  copper  have  passed  into  the  slag.  The  lowar  portion  of  thia  r^ilos 
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ii  next  Kawn  off ; the  tipper  (amounting  to  about  of  the  whole)  is  weighed  together 
with  the  shurings ; a portion  of  it,  amounting  to  ^th,  is  cu^>elled  with  an  exactly  weighed 
portion  of  siUer  (equ^  to  5 or  6 times  the  weight  of  platinum  supposed  to  be  present), 
and  if  necessary  with  an  additional  quantity  of  lead,  at  the  temperature  ret^uired  for  a 
gold  assay.  The  platinum  then  remains  alloyed  with  silver,  and  the  weight  of  the 
utter,  diminished  by  that  of  the  silver  added,  gives  the  weight  of  the  platinum,  and 
ten  times  this  weight  is  the  total  amount  of  platinum  in  the  portion  of  ore  taken  for  the 
assay.  This  result  is  however  aff^ted  with  a slight  error,  arising  from  the  small 
quantity  of  osmiridium  in  the  lower  part  of  the  rcgulus.  To  avoid  this  source  of  inac* 
curacy,  the  following  method  may  be  adopted. 

The  lower  part  (yV^)  ^ regains  is  nented  with  ten  times  its  weight  of  nitric  acid 
diluted  with  an  equal  ^umeof  water,  till  all  the  lead  is  dissolved,  ai^  nothing  is  left 
but  s fine  powder  consisting  of  platinum  and  osmiridium.  This  residue,  after 
being  carefully  washed  by  decantation,  first  with  acidulated,  then  with  pure  warm 
water,  is  dried  and  weighed,  then  treated  with  nitromuriatic  acid,  which  dissolves  out 
the  platinum  ; and  the  osmiridium  which  remains  undissolved  is  finally  washed,  dried, 
and  weighed.  Its  weight,  deducted  from  that  of  the  residue  insoluble  in  nitric  add, 
gives  the  weight  of  the  platinum. 

The  proportion  of  platinum  found  bj  the  assa^  must  however  be  diminished  by 
about  4 ptT  cent,  to  allow  for  the  palla^Uum,  rhodium,  and  iridium  which  exist  in  the 
ore  always  to  the  amount  of  4 to  6 per  cent.,  and  are  not  separated  by  the  process  just 
described. 

PlatiDum*residues. — For  the  analysis  of  the  matters  which  remain  undissolved 
when  platinum-ore  is  digested  in  nitromuriatic  acid  (insoluble  residues),  and  for  those 
obtained  by  precipitation  with  metallic  iron  from  the  solution  previously  freed  from 
platinum  and  palladium  (precipitated  residues),  Dcvillc  and  Debray  give  the  following 
methods. 

a.  The  iruciuhl^  residues  contain  all  the  platinum-metals,  but  consist  chiefly  of  osmi- 
ridium  and  sand  in  veiy  variable  proportions.  50  grms.  of  the  residue  are  introduced 
into  a crucible  together  with  150  to  200  gmis.  litharge  and  50  to  100  grms.  lead— the 
lead  at  the  bottom,  then  the  mixture  of  platinum-residue  and  litharge,  and  pure 
litharge  at  the  top— and  heated  to  redness  for  half-on-bour,  stirring  from  time  to  time 
with  an  earthenware  rod  ; after  which  the  crucible  is  loft  to  cool  and  the  reguline  mass 
is  freed  from  slog  (the  litharge  may  be  complcU'Iy  removed  by  a few  hours'  treatment 
with  hot  acetic  acid  and  subsequent  brushing).  This  mass  is  treated  with  dilute  nitric 
acid  at  100^  till  the  lead  is  completely  dissolved;  the  solution,  which  contains  lead  and 
palladium,  is  freed  from  lead  by  a slight  excess  of  sulphuric  acid,  then  evaporated 
nearly  to  dryness  at  a temperature  not  exceeding  120° ; the  residue  is  treated  with 
water;  and  frt>m  the  resulting  solution,  the  palladium  is  precipitattd  as  cyanide. 
The  residue  left  undissolvtKl  the  nitric  acid  is  thoroughly  washed  with  >x>iling 
water  slightly  acidulated  with  nitric  acid;  then  dried  and  weighed  (let  the  weight  be 
called  A);  treated  with  nitromuriatic  acid,  which  quickly  dissolves  the  platinum 
together  with  a little  iridium  and  rhodium;  and  the  weight  {B)  of  the  undissolved 
matter  is  determined  : this  is  o s m i r i d i u m.  The  nitromnriutic  acid  solution  contains 
chiefly  platinum,  the  quantity  of  which  is  nearly  eanal  to  A —B.  Its  weight  may 
be  more  exactly  determined,  together  with  that  of  tne  iridium,  by  precipitating  a 
finely  divided  mixture  of  the  two  metals  in  the  manner  given  at  page  681,  and  £s- 
solving  out  the  platinum  with  weak  nitromuriatic  acid.  The  rhodium  may  also  be 
deterroinid  by  tne  method  already  given  for  the  analysis  of  platinum-ores. 

fi.  The  precipitated  residues  are  analysed  nearly  in  the  same  manner,  a smaller 
quantity,  however,  viz.  10  gnus.,  being  t^eo,  and  fused  with  10  to  15  grms.  lead  and 
30  to  40  grms.  litharge.  The  resulting  metallic  mass  contains — besides  lead,  which 
must  be  carefully  precipitated  as  sulphste — palladium,  to  be  precipitated  as  (^anide 
in  the  manner  above  described,  and  rhodium,  which  may  bo  determined  by  evapo- 
rating the  filtered  liquid  to  diyness,  and  reducing  the  residue  with  addition  of  sulphur 
in  the  manner  descrH>ed  at  page  C82,  No.  4.  From  the  reeidne  insoluble  in  nitric  acid, 
the  platinum  is  dissolved  by  nitromuriatic  acid,  together  with  small  Quantities  of« 
iridium  and  rhodium,  to  be  determined  by  methods  already  detaib'U.  and  there 
then  remains  a residue  consisting  chiefly  of  i ridium  together  with  a small  quantify 
of  osmiridium  (which  was  probably  suspended  in  the  liquids  from  which  the  pre- 
cipitated residues  were  obtAioed).  The  slag,  consisting  chiefly  of  litharge,  contains  the 
iron  and  copper  which  were  present  in  the  precipitated  residues. 

The  following  are  the  results  of  the  analysis  of  several  platinum  residues  mado  by 
this  method. 
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Osmiridium  . 

12-36 

34  00 

2916 

92-60 

96- 10 

94-20 

26-60 

83-60 

60-10 

Palladium  . 

0T8 

0-02 

0-02 

0-02 

0-70 

. 

0-37 

Platinum  with  traces  of/ 

0-53 

■ • 

0-90 

0-78 

018 

0-86 

7-00 
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3-14 

Rhi.lium 

015 

0T3 

0-10 

0-20 

0-88 

0-20 

. , 

1-36 

Sand  . • . . 

80-79 

06ob 

69-82 

6-60 

3-50 

4-04 

66-60 

16-40 

86-03* 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Prteipitaied  Rtndtus. 

a. 

6. 

Palladium  . 

0-8 

Osmiridium 

3-3 

Platinum  . 

0-8 

Palladium  . 

13 

Khudium  . • . 

2-1 

Platinum  . 

0-6 

Hhodiura,  Iridium  and  Osmiridium  21-8 

Iridium  , . 

. 333 

Common  metals  . 

. 742 

Rhodium  . 

6-4 

Common  metals 

. 664 

100-0 

100-0 

a.  From  the  Kussian  mint : small  irregulAT  masses. 

b.  Black  powder  with  crystalline  scales. 


Anal^Mof  Osmirtdium  according  to  Beyille  and  Debmy. — The  sand  is  first 
dett*rmincd  the  method  already  given  (p.  681).  The  osmiridium  is  then  disinte- 
grated by  fusion  with  metallic  zinc  as  described  under  IsroirM  (iii.  315),  then  mixed 
with  6 pts.  of  l>arium*peroxide,  or  3 pts.  peroxide  and  1 pt  nitrate  of  barium,  and 
hoaUxl  moderately  for  un  hour  or  two  in  a silver  crucible  haring  a close-fitting  cover. 
The  mass  w hen  cold  is  detached  by  pressing  the  sides  of  the  crucible,  and  transferred 
to  a capacious  porcelain  dish,  in  which  it  is  mixed  with  hydrochloric  acid  and  a little 
nitric  acid  (care  being  taken  to  avoid  loss  by  spirting).  The  mixture  is  heated  to 
boiling  till  the  o«lour  of  osmieacid  has  entirely  disappeared,  then  evaporated  to  dry- 
ness slowly  and  at  a moderate  heat;  tho  residue  is  digested  witli  warm  water  and  a 
little  acid;  and  the  solution  is  decanted  from  a small  portion  of  silica  and  osmiridium, 
the  weight  of  the  latter  being  determined  and  allowed  for.  From  the  solution  the 
barium  is  precipitated  by  a quantity  of  titrated  sulphuric  acid,  equivalent  to  the  weight 
of  the  peroxide  and  nitrate  of  barium  used  (a  very  slight  excess,  however,  does  no  harm) ; 
the  filtrate  is  treated  with  sal-ammoniac  to  precipitate  the  iridium,  ruthenium  and 
platinum  ; this  precipitate  is  reduced  ; the  platinum  is  dissolved  out  of  it  by  dilute 
nitromuriatic  acid ; and  the  residue  is  fused  with  nitrate  and  hydrate  of  potassium, 
whereby  it  is  resolvid  into  iridium  which  remains  almost unattacked,  and  ruthenium 
which  aissolves.  The  rhodium  (together  with  any  iron  and  copper  that  may  be  pre- 
sent) remains  in  tho  liquid  from  which  tJie  iridium  &c.  has  been  precipitated  by  sal- 
nmmoniac,  and  U rwlueed  therefrom  by  the  method  already  described  (p.  682),  The 
osmium  is  estimated  by  loss,  a method  which  Derille  and  Debray  regarded  as  more 
trustworthy  than  the  collection  of  the  osmic  add  and  the  determination  of  the  osmium 
therefrom. 

The  composition  of  several  samples  of  the  mineral  as  determined  by  Deville  and 
Debray,  ana  others,  is  given  under  Jbidobmikb  (iii.  324). 

V&A.TZVUBK-mBSXl»inBS.  See  page  683. 

IPlkATlJM  ITK-SPOir OB.  Finely  divided  platinum,  obtained  by  igniting  chloro- 
platinate  of  ammonium  (p.  663). 

r&ATOSAMnril.  NH*Pt — The  ammonia-base  supposed  by  Gerbardt  to  exist 
in  the  ammonio-platinous  compounds.  See  Platucvm-bxsxs,  Ahxowiacal  (p.  678). 

PUTOSBTXTXiAlttZVa,  PXiATOaOpmsm,  Hypothetical  bases 
analogous  to  platosamine.  (Sec  Pi.atiicvm-ba6X8,  Obqakic^  p.  679.) 

* with  th«  comnoo  metaU  sod  espedaUj  lUTer. 
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FUtnwnutTB.  Natire  peroxidr  of  load,  PbO*,  from  Leadbilla,  Scotland. 

Vl*SOVAST.  FemiginotiB  spinel  (see  Spikki.). 

V&XimOClLASB.  3yn.  with  Waqnxkitb  (see  Pbosphatbs,  p.  569). 

VUVZAV.  See  Misptckrz.  (iii.  1026). 

BMGAUA  XiZCHEWOZl>S8.  One  of  the  algse  from  ▼hich  gclose  is  obtained 
(it  829). 

FMBSSCM>BflEKB.  3ya.  with  Plumdo-rbsikitb. 

PX.OMBZauV.  Syn.  with  Barboik  (i.  509). 

P&OMBZBRZTB*  A hydmted  silicate  of  calcium*  Ca"Si0*.2H*0,  formed  by  the 
action  of  a hot  mineral  spring  at  Plombi5res  on  an  old  Roman  mortar.  It  is  deposited 
as  a gelatinous  nodular  maas,  which  on  exposure  to  the  air  becomes  hard,  opaque  and 
snow-white.  (Daubr5e,  Ann.  &Iin.  [5]  xiii.  214.) 

P&nc.  See  Prunus. 

P&xrKSACIZXr.  The  acrid  principle  of  the  root  Plumhago  mropita.  It  is  ob> 
tained  b^  reptatedly  boiling  the  cthercHl  extract  of  the  root  with  water,  whence  it 
is  deposited  on  cooling,  and  may  be  purified  by  ciystallisatiun  from  alcohol  or 
ether-alcohoL  It  crysUulises  in  delicate  needles  or  prisms  often  grouped  in  tufts ; has 
a styptic  saccharine  taste,  with  acrid  biting  after-taste;  melts  very  easily,  and  partly 
volatilises  unaltered  when  heated.  It  is  ncutrul,  nearly  insoluble  in  cold,  more  soluble 
in  boiling  water,  very  soluble  in  alcohol  aifd  ether.  It  dissolves  with  yellow  colour  in 
strong  sulphuric  and  in  fuming  nitric  acid,  and  is  precipitated  by  water  in  yellow 
flocks.  Alkalis  change  the  colour  of  the  solution  to  a fine  cherry-red ; acids  restore 
the  ^'ellow  colour.  Basic  acetate  of  le:id  also  colours  it  red,  and  forms  a crimson 
precipitate.  (Dulong,  J.  Pharm.  xir.  441.) 

PAtnkCBAOO.  See  Carbon  (i.  758). 

PZtYrxSBTKTU.  See  LxAD-RAmcLxs,  ORGANIC  (iii.  561). 

PZiimcaZC  OCBSB.  Native  protoxide  of  lead  (see  Lrad,  iii.  549). 

PXinCBOCABCZTBa  An  isomorphous  mixture  of  the  cn  rlxinates  of  lead  and 
calcium,  Pb'*CO*.32Ca‘*CO’,  occurring  in  rhombohedral  forms  at  Leadliills,  and  in  the 
High  Pim  Mine,  Wanlockhead,  Lanarkshire. 

P&VMCBOBSSZBZTB.  Piomhgommtf  BMpummi.  GummUrHith. — A lead-mineral 
resembling  gum  arabic  in  colour  and  appearance,  found  at  Huelgoet  in  Brittany, 
at  Nussi5re  near  Beaqjou,  at  Roughten  Gill,  Cumlierland,  and  at  Mine  Ipi  Mutte, 
Missouri.  According  to  Berzelius,  it  is  a hydrated  aluminate  of  lead,  Pb"0.  A1*0*.6H  0 
orPb”Al*0*.6H*0.  Damour  and  DufWnoy,  on  the  other  hand,  found  in  it  about  8 per 
cent,  phosphoric  anhydride,  and  according  to  their  analysis  it  would  appear  to  be  a 

mixture  or  compound  of  phosphate  of  lead  with  hydrate  of  alumina,  Pb*P’0*.6AT*HK)\ 
(Dana,  ii.  431.) 

PXtmCBOBTZB.  Syn.  with  Boulanoeritb  (i.  651). 

p&mBOBZTB.  Syn.  with  Hbtkbomobpritb  (iii.  151). 

PMBUMATZe  TBOVeH.  See  Gasss.  Collbction  and  Prbservation  of 

(ii.  806). 

PMBUBKZC  ACX2>.  An  acid  existing,  aceonlingto  Verdeil(Compt.  rend,  xxxiii. 
604),  in  the  parenchyma  of  the  lungs  of  most  animals.  It  is  very  soluble  in  water, 
insoluble  in  cold  alcohol,  but  soluhle  in  boiling  alcohol,  whence  it  crystalbsts  in 
stellate  groups  of  shining  needles,  which  do  not  give  off  any  water  at  100^.  It  contains 
carbon,  hydrogen,  nitrogen,  oxygen,  and  sulphur,  forms  crystallisable  salts,  and  de- 
composes carbonates  (Gerh.  iii.  924). 

POXAJUBATZOB,  BZ.BCXRZCAXM  See  Elkctbicitt  (ii.  390,  429). 

POZ.ABZBATZOB',  BCAOVBTZC.  See  Magnetism  (iii.  757,  763). 

POZAJtZBATZOBT  OP  Z.ZOHT.  See  Liout  (iii  C52). 

POBBT*OZ3«a  A volatile  oil  obtained  from  the  herb  of  Mintha  Pul*gium  at 
flowering  time,  by  distillation  with  water,  and  having,  according  to  Kane,  the  composi- 
tion of  camphor,  C**H’*0.  It  is  yellowish,  has  an  aromatic  odour,  a specific  gravity  of 
0'9271  to  0'939;  boils  between  182*^  and  185^,  and  leaves  a small  quantity  of  solid 
matter  when  rectified.  (Handw.  d.  Chem.  vi.  615.) 

POUASfXTB*  A variety  of  native  peroxide  of  manganese  oceuriug  at  Platten  in 
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BobemU,  and,  together  with  pyroloaite,  at  Scbnoeberg  asd  Johanniabexg  in  Saxonj. 
It  crystalliaea,  like  pjrolusite,  in  trimctric  forma,  but  differa  from  it  in  the  proportiona 
of  ita  azoa,  and  in  clearing  distinctly  parallel  to  the  bmcbydiagonal  only,  wherew 
pyrolusite  cleaves  paruUel  to  all  three  azee.  It  iaalao  distinguiahed  by  greater  hardneaa. 

0.  e.  e.  »P  X »P.  Uardaeo. 

Pyroluaite  1 : 1066  : 0776  93«  40’  2*25 

Polianite  1 : P0613  ; 0 6317  92®  62'  6'5  to  7 

(Dana,  ii.  131 ; Handw,  vi.  616.) 

POUSira.  Vdlckel’s  name  for  one  of  the  compounds  obtained  by  heating  sulpha- 
cyanate  of  ammonium  (9.  r.)  above  300®.  Vulckel  regard.s  it  as  isomeric  with  melamine 
or  cyanuramido  (ii.  267) ; but,  according  to  Liebig,  it  is  identical  with  melun  (iit  865) 
(see  Handboox,  ix.  484). 

FOltZfiBXVO  POWBBSi.  Very  finely  divided  ferric  oxide,  used  for  polishing 
optical  glasses,  Daguerreotype  plates,  &c. 

POU8BZWO  8&ATB«  porous,  slaty,  fine-earthy  rock,  mostly 

of  yellowish-white  colour,  consisting  almost  entirely  of  the  siliceous  shells  of  infusoria 
(Ehrenberg).  That  occurring  on  the  Kritschelberg  near  Bilin,  in  Bohemia,  was 
found  by  Baumann  {Bammdsbrr^a  Mincralchemie,  p.  136)  to  contain  87’58  percent, 
silica,  2 04  alumina  and  ferric  oxide,  1*09  lime,  0 30  magnesia,  and  8 89  water.  In 
some  places  it  is  found  to  be  converted  into  a semi-opaline  substance. 

PO&&t73t«  A silicate  of  aluminium  and  ca>siura,  occurring,  together  with  Castor 
(p.  381),  in  the  island  of  Elba.  It  resembles  analdmo  iu  form;  is  colouriess  and 
transparent ; has  a conchoi'dal  fracture  with  vitnous  lustre  on  the  fractured  surface. 
Hardness  — 6’6.  Specific  gravity  — 2’900.  When  heated  it  gives  off  a little  water, 
and  becomes  transparent,  and  when  heated  on  platinum-wire  with  a little  fluoride  of 
ammonium,  and  then  moistened  with  hydrochloric  acid,  it  exhibits  in  the  spectroscope 
the  two  blue  lines  of  csesium,  together  with  the  sodium-lines.  Gives  by  analysis  44*03 
per  cent,  silica,  16'97  alumina,  0*68  ferric  oxide,  0*68  lime,  34*07  oxide  of  csesium, 
3*88  oxide  of  sodium,  and  2*40  water  » 101*71.  (F.  Pisani,  Bull.  Soc. Chim.  [*2]  i. 
456.) 

Pollux  was  discovered  by  Breithaupt,  and  imperfectly  analysed  by  Plattner  (with  a 
loss  of  7 per  cent.),  who  regarded  it  os  a silicate  of  aluminium,  potassium,  and  i^ium. 

PO^TADBXPHXTB*  A brownish-yellow  garnet  from  the  Franklin  fomaci^ 
New  Jersey,  containing,  according  to  Weber  {HammrUhfrg'a  MinrratcKemie,  p.  693), 
84*83  per  cent  silica,  1*12  alumina,  28*73  ferric  oxide,  8 82  manganous  oxide,  24*06 
lime,  and  1*42  magnesia  (s  98*97). 

PO&TAKOXTB.  A rose-coloured  mnular  variety  of  anorthite  from  Tunaborg  in 
Sweden,  containing,  according  to  A.  Erdmann  {BammeMtr^sMineralchtmiet^.  593): 
SIO*.  APO>.  Fe*0*.  Mn*0».  C»"0.  Ms”0.  Na»0.  K*0.  WO. 

46*12  35*64  0*14  0*30  6*88  0*26  0*67  6*93  4*92  = 99*86. 

PO&TBASXTB.  A sulpharseno-antiroonito  of  silver  and  copper,  occurring  in 
short  tabular  hexagonal  prisms,  oP  . oeP  . P,  having  the  principal  axis  = l*4l3Z 
Angle  P : P in  the  terminal  edges  — 1 29®  32' ; in  the  basal  edges  » 117°;  oP  : P « 
121°  30'.  The  terminal  planes  are  triangularly  striated  parallel  to  the  terminal 
edges.  Cleavage  basal,  imperfect  It  occurs  also  massive  and  disseminated.  Hardness 
= 2 — 3.  Specific  gravity  = 6*214.  Lustre  metallic.  Colour  iron-black ; thin  tabular 
crystals,  however,  appear  cherry-red  by  transmitted  light.  Streak  iron-black.  Opaque. 
Fracture  uneven. 

Analysts:  a.  from  Schemnitz;  b.  from  Freiberg (H.  Hose,  Pogg.  Ann.  xv.  67*3) ; 
e.  from  Cornwall  (Jay’s  Misccllantcus  ChtmictU  Btscarchts,  Gottingen,  1853,  p.  21); 
d.  Durango,  Mexico  (H.  Rose). 


s. 

Sb. 

A.. 

A(t. 

Cu. 

F«. 

Zo. 

a. 

16-83 

0-25 

6-23 

72-43 

3-04 

0-33 

0*69 

= 99-70 

b. 

16-35 

8-39 

1-17 

69-99 

4-11 

0-29 

- 100-30 

c. 

15-87 

6-46 

3-41 

72-01 

3-36 

0-34 

- 100-45 

d. 

17-04 

6-09 

3-74 

04-29 

9-93 

0-06 

- 100-15 

The  mineral  is  an  isomorphous  mixture  of  sulphur-salts  (Ag;  Cu)*(Sb;  As)S*  or 
(Ag«;  Cu»S)^Sb*S' ; As»S*),  in  which 

As  I Cu  Sb  • A» 

in  a and  5w9:l  inanl:40 

in  c B 10  r 1 in  6 » 9 : 2 

in  cf  » 4 ; 1 in  e and  rf  — 1 : 1 
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Stephanit^  and  iron  pyritos  occur  as  pseudomorphs  after  polybasite.  (Dana,  ii.  85.) 

FO&TCHXS8T-8JLlfT«  An  old  name  for  neutral  sulphate  of  potasnum ; also 
for  Bodio'potassic  tartrite. 

VOJbTOBXOXZXTX.  A silicate  found  in  gneiss  at  Krageroe,  Norway,  crystallised 
in  six-sided  prisms  of  about  120*^  with  flat  summits  ; also  moMive  and  rcniform. 
Hardness  * 3 — 3*5.  Lustre  greasy.  Colour  blue,  green,  brown,  and  red,  rarely 
white.  According  to  an  analyais  by  Dahl  {^Letmh.  JaJvrb.  1846^  p.  288),  it  contains 
62  per  cent,  silica,  37  alumina,  7 magnesia,  3 ferric  oxide,  together  with  lime  and 
water.  Schoerer  found  less  alumina  and  6 per  cent,  water. 

FO»cn&OZTB.  Syn.  with  SarRairor. 

ro&TCB&oan.  Syn.  with  Axsocuv  (L  60). 

VOXiTCBSOano  or  VOXiTCBXoaCATZC  ACZD.  Syn.  with  Alobtic  Acid 
(i.  148). 

ro&TCKABB.  See  Nioannc  (p.  57). 

VOXtTBTHTlbKBrzc  ABCOBOU.  See  Hthtlxxf.,  Htdratbs  of  (iL  576). 

VOBTaAXZO  ACZB  or  POBTOAX-ZB.  Syn.  with  SaNROiN. 

PO&TOAMAJUCW.  The  name  applied  by  Reinsch  (Buchn.  Repert.  xyii.  289) 
to  a crystalline  bitter  substance  which  remains,  t<^ther  with  wax  and  chlorophyll, 
when  the  alcoholic  extract  of  Pvlt/gala  amara  is  treated  with  ether. 

POZ.TOOirX7M  PAOOPTKtrM.  Buckwheat  (i.  685). 

POZiTOXiTCBSUO  AZiCOHOBS.  See  Qltcxbtl,  Htdbatbs  of  (ii.  894). 

POBTBAAZTB.  A crystalline  mixture  or  compound  of  Tarioos  sulphates  repre- 
sentc<l  by  the  formula  M*S0*.2H*0,  occurring  with  rftck-salt  iu  various  localities 
(Ischl,  Aussee,  HalUtadt,  Berchtesgraden,  Oraiind,  Stossfurtii,  Vic  in  the  dept,  of  the 
Meurthe,  6cc.),  in  rhombic  prisms  of  116®.  The  composition  varies  considerably,  as 
shown  by  the  following  analyses:  a.  from  Ischl  (Stromeyer,  Unirrauchungm^  i. 
144); — 6. from  HaUstadt(v.  Hauer,  Wien.  Akad.  Ber.  xi.  386); — c.  fromEbensce  (v. 
Hauer)  from  the  rock-salt  of  Stassforth  (Reichardt,  Jahresb.  1862,  p.  757). 


C«"SO'. 

Mg"  SO*. 

K*.so*. 

N.CI. 

Fe^O^ 

Ii:o. 

a. 

44-47 

20-03 

27-70 

0-19 

0*34 

5-95 

98-95 

b. 

S6  41 

11-04 

14-81 

12-16 

. , 

5-58  - 

100 

c. 

61-18 

13-33 

19-12 

0-28 

0*41 

606  - 

100-52 

d. 

43-44 

20-56 

26-22 

0-58  Mg’Cl* 

7-47  ■» 

98-27 

PO&T&AOTYZv-COMPOinnfeS.  See  Lactic  Acm  and  Lactic  Ethkbs 

(iii  461—464). 

POBTAXXBa  A variety  of  augite  from  Hoboken,  New  Jersey,  containing,  accord- 
ing to  Thomson  i.  495),  40'04  silica,  9‘42  alumina,  34*08  ferrous  oxide^ 

6'6  manganous  oxide,  11*54  lime,  and  0*40  water. 

PO&TZnntZ8M«  Bodies  are  said  to  be  polymeric  when  they  have  the  same 
percentage  composition,  but  different  molecular  weights;  the  olefines  OH^  for  ex- 
ample (see  IsnvBiusii,  iii.  415). 

POBTJCZOirzTZL  A mineral  occurring  at  Fredriksvam,  Norway,  in  trimetric 
crystals  sometimes  sn  inch  long,  imbedde<l  in  felspar  and  zircon-syenite.  Axes 
a:b:e  * 1:1*0308:0*7252.  Anglo  ocp : oeP  ==  91*44';  oP  : f»oo  - 144®  S'. 
Observed  combination  ocl^co  . oP  . 2^  . 4l*oo  . . Poo.  Cleavage  parallel  to 

osPoo  and  oP  in  traces.  The  crystals  are  usually  slender  and  longitudinally  striated 
Hardness  «»  6*6.  Specific  gravity  = 4*77 — 4*85.  Lustre  submetallie.  Colour  black. 
Streak  doric  brown.  Opaque.  Fracture  conchoiilal.  It  contains,  according  to 
Berselius  (Kongl  Vetensk.  Akad.  Forbandl.  1824,  ii.  339),  46*30  per  cent,  titanic 
oxide,  14*14  zirconia,  12*20  ferric  oxide,  2*70  manganic  oxide,  5*00  ceric  oxide, 
1 1 *50  yttria,  and  4*20  lime.  The  difficulty  of  separating  the  titanic  oxide  and  drooma 
renders  the  analysis  somewhat  uncertain. 

POATIffOXPSXSBC.  A body  is  said  to  be  polymonhom  when  it  crystallises  in 
two  or  more  forms  not  derivable  one  from  the  other  (see  Dxvobfhisw,  ii.  331). 

POXT8ZBZCXO  ACZSS.  See  SiucATXS. 

POBTSPBBXZra.  Brown  lead-ore  from  the  Sonnenwirbel  mine  near  Freiberg 
(p.  667). 

PO&TTBRBBBJras.  Hydrocarbons  polymtiric  with  oil  of  torpentino  (soo 
TXRXBEIfB). 
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VO&TTBUTB.  Se«  TrriLiHSDBiTS. 

FOBTTHXOVZO  ACZOS.  See  Sulphtb,  OxTasx*Acn>9  of. 

BOXiTXBSB.  Ad  old  u&mc  of  native  platioDm. 

BOKBHOBTX.  Ad  old  name  for  impare  zinc-oxide,  sublimed  in  the  roasting  of 
sincK>ree  and  in  the  melting  of  brass : also  called  NiJuium  aldum. 

BOWOAMZA*  The  seeds  of  Ponganiia  glabra  contain  27  per  cent  of  a daA* 
jelloa*  fat  oil,  having  a specific  gravity  of  0*945,  a poisonous  odour  and  bitter  taste, 
and  solidifying  at  S'*.  (Lepine,  J.  Pharm.  [3]  xi  16.) 

VOOWAKUTB.  A variety  of  scolecite  from  Poonah  in  Hindostan. 

The  buds  of  P&pulu*  nigra  and  P.  j>gramidaIU  contain  a 
colouring  matter  calle<l  cbrysinic  acid,  associated  with  salicin,  a volatile  oil,  and  a 
resinous  substance.  To  extract  the  chiy'stuic  acid,  the  alcoholic  extract  of  the  bods  is 
treated  with  basic  acetate  of  lead ; the  solution,  freed  from  Imd  by  snlphydric 
acid  and  filtered,  is  evaporated  to  dryness ; and  the  residue  is  treated  with  water  to 
remove  salicin,  then  fre^  from  resin  by  rtdissolving  it  in  alcohol,  and  precipitating  a 
second  time  with  basic  acetate  of  lead.  The  liquid,  if  left  to  itself,  after  being  fived  from 
lead,  deposits,  after  a while,  a white  powder  ooDslsting  of  chiysioic  acid,  wnich  may 
purified  by  recrystallisation  from  alcohoL 

Chrysiuic  acid,  C*'H*0*,  crj’stalUses  in  thin  fragile  lamins,  perfectly  white  if  pre- 
served from  contact  with  ammoniacal  vapours.  It  is  aithydmus,  Wars  a heat  of  200^ 
without  decomposing,  and  sublimes  in  flue  needles  at  a higher  temperature.  It  u 
nearly  insoluble  in  water,  soluble  in  boiling,  less  soluble  in  cold  alcohol,  soluble  in 
ether. 

Chiy'sinic  add  dissolves  with  a fine  yellow  colour  in  strong  sulphuric  acid  and  in 
alkalis;  baryta  and  lime  al^  colour  it  yellow,  but  do  nut  dit«K>lve  it  easily.  Kitrie 
acid  first  colours  it  yellow,  then  decomposes  it;  acetic  acid  and  hydrochloric  acid  Iiats 
no  action  upon  it.  With  iroo-milts  it  forms  a dirty-green  precipitate;  with  neatrJ 
leoibacetate,  no  precipitate;  with  the  basic  acetate  a sligm  precipitate,  soluble  in 
acetic  acid.  The  alcoholic  solution  of  the  acid  mixed  with  chloride  of  lime  becomes 
yellow  in  the  cold  and  red  when  heated. 

Chrg$inate  of  potaitium  ciystallises  in  slender  needles  ; the  arnmnnium-aalt  is  eb* 
taint'd  by  evaporation  in  spherical  masses.  The  harinm-saft,  is  obtainoi 

by  adding  a Wiling  alcoholic  solution  of  chiy’sinlc  acid  to  an  excess  of  baryta-water; 
and  is  deposited  on  cooling  us  a yellow  powder.  (J.  Piccard,  J.  pr.  Chem.  xciii  369; 
BulL  Soc.  Chim.  1865,  ii.  144.) 

BOBPT.  The  black  poppy  (Papatrr  somni/rrittn,  var.  n>gmm),  which  has  red 
flowers  and  black  seeds,  is  cultivated  chiefly  for  the  fat  oil  yielde<l  by  its  seeds;  fh® 
white  poppy  (P.  somn\ferum,  var.  album,  sometimes  regarded  as  a distinct  species  and 
called  P.  ofjicinaie\  having  white  flowers  and  scowls,  fur  the  production  of  opium. 

The  seeds  of  the  white  poppy  {Pavjt  blanc,  var.  it  yri/x  ouverta)  have  been  found  by 
8a  cc  (Ann.  Ch.  Phys.  [3]  xxvii.  473)  to  contain  (exclusive  of  3*03  per  cent  hype- 
soopic  moisture)  45T  per  cent,  expressed  oil,  9*6  fat  oil  extracted  by  ether,  together 
with  colouring  and  odoriferous  matters,  3*.>  volatile  substance,  23*3  pectous  substances. 
12*6  protein-compounds,  and  5 9 woody  fibre. 

The  elementary  composition  of  the  seed,  oil-cake,  and  oil,ot  the  w,httc  poppy  filtwed 
without  access  of  air,  were  found  to  be  as  follows : ( 


Seed. 

Olt-cake. 

Oll-cske  after 
sxhauktion  with 
ether. 

oo. 

Carbon 

62-23 

47-74 

42-27 

76-63 

H^drogeo  . 

9*20 

6-76 

6-04 

11-63 

Nitrogen 

3*69 

6-97 

7-04 

Oxygen  and  loss  . 

17-97 

28-94 

30-86 

11-74 

AsK  . 

7-00 

10  69 

13-20 

The  ash  of  the  seed  contained  0*82  K’O,  4*47  Na»0,  28*08  Ca'0, 4*33  ilg"0, 1*99  80’, 
4*84  SiO’,  17-66  CO*  37  81  P*0*. 

Wildenstein  (J.  pr.  Chem.  liv.  200)  has  examined  the  ash  of  the  seed  and  herb 
(i.  e.  st;dk«,  leaves,  and  cleansed  roots)  of  the  black  poppy,  wwn  on  the  weathered 
TaunuH  slate  nenr  Wieslioden.  The  dried  seed  yielded  6*12.  the  dried  herb  7*86  p«t 
cent  ash,  oontainiog — 
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K*0.  C»0.  MgO.  80».  SeO».  P»0».  Fe'PO<.  KCl.  N«C1. 

Sf«d  9 10  35*36  9-40  trace  1*92  3*24  30*98  0 81  7’15  1*94  - 99*99 

Herb  36*37  30*24  6-47  trtico  509  11*40  1*28  4*14  2*60  2*61  = 100*00 

The  air-dried  seeds  treated  with  nitric  acid  and  chlorate  of  potassium  gate  0*0828,  and 
the  air-dried  herb,  0 0594  per  cent,  sulphur. 

VOWT*OrL<  HuiU  fluile  de  Pavot. — A fat  drying  oil  obtained  by 

expression  from  the  seeds  of  the  black  poppy  {Pap<tt>eT  tomniftruin^  var.  nigrum').  It 
resembles  olive-oil  in  aspect  and  odour,  and  is  quite  free  from  the  narcotic  properties 
of  opium.  Specific  gravity  » 0*9249  at  —15^.  It  solidifies  at  — 18'^,  and  remains  solid 
for  a long  time  after  the  temperature  has  risen  to  — 2^.  It  dissolves  in  25  pts.  of  cold 
and  6 pta.  of  boiling  alcohol,  and  mixes  in  all  proportions  with  ether.  Contains, 
according  tuLefort,  77*20  per  cent,  carbon,  11*31  hydrogen,  and  11*49  oxygen;  seo 
also  Sacc's  analysis  of  the  oil  from  white  poppy  seeds  (p.  688). 

Poppy-oil  yields  substitution-products  with  chlorine  and  bromine.  The  chlorinated 
oil  has  a somewhat  deeper  yellow  colour  than  the  original  oil,  about  the  same  con- 
sistence as  castor  oil  and  a specific  gravity  of  1*070  at  3^.  It  contains  from  20*3  to 
20*4  per  cent,  chlorine.  The  brominatfd  oil  containing  36*6  to  36*7  per  cent,  bromine, 
has  a slight  yellowish  tinge,  and  the  same  consistence  as  the  preceding : specific  gravity 
<«  1*279  at  2®. 

Poppy-oil  is  used  as  an  article  of  diet  in  the  south  of  Germany  and  the  north  of 
Franco.  It  is  employed  in  painting  to  mix  with  light  colours,  for  which  purpose  it  is 
first  bleached  by  exposure  to  the  sun  in  shallow  vessels  containing  salt  water.  (Kor 
further  details,  see  Gmelin's  Handbook^  xvi.  312.) 

POPtruir,  ori?(nroy/stf/iWn,  C”n''(C^nH!))0’. — This  substance,  dis- 

covered in  1831  by  Brnconnot  (.rVnn.  Ch.  Phys.  [2]  xliv.  296),  and  investigated 
chiefly  by  Piria  (Ann.  Ch.  Phys.  [3]  xxxiv.  278  ; xliv.  366),  exists  in  the  bark,  leaves 
and  ruot  of  the  aspen  {Populus  tremula'). 

Preparation. — 1.  The  aqueous  decoction  of  the  bark  is  precipitated  with  basic  acetate 
of  lead  ; the  filtrate  is  free^l  from  lead  by  sulphuric  acid,  then  concentrated  and  boiled 
with  animal  charcoal ; and  the  salicin,  which  likewise  exists  in  the  bark,  is  left  to 
crystallise  out.  The  mother-liquor  yields  with  carbonate  of  {xttassium,  a white  precipi- 
tate of  populin  which  must  be  recrystalUsed  from  boiling  water  (Bracunnot). 
H erborger  (Buchn.  Repert.  Iv.  204),  after  precipitating  writh  basic  acetate  of  lead, 
removed  the  lead  by  passing  carbonic  acid  into  the  liquid,  and  evaporated  the  filtrate 
to  a s^rrup,  from  which  the  populin  crystallised.  From  the  decoction  of  the  root-bark, 
popuhn  crystallises  after  concentration  (even  without  precipitation  by  basic  acetate  of 
lcad)(V'an  de  Ghein). — 2,  The  leaves  of  the  aspt*n  are  boiled  with  water ; the  de- 
coction is  precipitated  hot  with  basic  acetate  of  lead  ; the  populin  carried  down  with, 
the  precipitate  is  dissolved  out  by  boiUng  water;  and  the  filtrate  is  evaporated  to  a 
syrup.  The  crystalline  mass  which  separates  is  press<‘d  betw*en  linen,  heated  to 
boiling  with  60  pts.  w*aterand  a Little  animal  charcoal,  audfilteriKi  at  the  boiling  beat; 
the  populin  crystallises  on  cooling.  (Braconnot.) 

Properiiet. — Crystallised  populin,  C •ll^O*.2H’0,  forms  white,  silky,  very  light 
needles,  which  give  off  part  of  their  water  between  35®  and  40®,  and  the  rest  (8*43 
per  cent,  in  all)  at  a tempemture  short  of  100®.  Anhydrous  populin  melts  at  180®  to 
a colourless  liquid  which  solidifies  to  a vitreous  mass  on  cooling.  Populin  has  a sweet 
taste.  It  turns  the  plane  of  polarisation  to  the  left,  to  an  extent  pr*iportional  to  the 
quantity  of  salicin  produced  by  its  decomposition  {infra).  (Biot  and  Pasteur, 
Compt,  rend,  xxxiv.  607.) 

Crystallised  populin  dissolves  in  about  2000  pta  of  cold  water  (Braconnot),  in 
1896  pts.  at  9®  (Piria)  and  in  70  pts.  boiling  water  (Braconnot).  The  cold  solu- 
tion deiwsits  populin  on  being  saturated  with  common  salt;  the  solution  saturated  at 
the  boiling  heat  deposits  it  on  cooliug.  It  dissolves  at  14®— 15®,  in  100  pts.  absolute 
aliohol  (Biot  and  Pasteur);  in  boiling  alcohol  more  abundantly  than  in  boiUng 
water,  scarcely  at  all  in  ether. 

Populin  dissolves  easily  and  without  decomposition  in  cold  acids,  not  too  concentrated, 
and  is  precipitated  partially  by  water,  otjmpletely  by  alkalis  (Braconnot,  Koninck). 
According  to  Koninck,  it  dia*olves  also  m aqueous  alkalU,  and  is  precipitated  by  acids. 

Aqueous  populin  does  not  precipitate  any  metallic  salt  (Braconnot).  It  crystal 
liscs  unaltered  from  solution  in  aqueous  metallic  salts,  but  may  be  made  to  com- 
bine with  oxide  of  had,  forming  a white  subbtanco  nearly  insolullc  in  waUr, 
(Koninck.) 

Populin  dissolves  easily  in  cold  conceutrated  acetic  acid,  and  is  precipitated  there- 
from partially  by  wratcr,  completely  by  alkalis.  (Braconnot.) 

Decompositions.— 1.  Fused  populin  heated  to  180®  gives  off  pungent  vapours  which, 
condense  in  needles ; at  220®  it  turns  brown,  but  is  obtained  unaltered  after  solution  in 
VouIV.  YY 
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aqueous  alcohol  (Piria).  When  subjected  to  dry  distillation,  it  eirells  up  and  yields 
empyreumatic  oil,  from  which  bensoic  add  crystallises  on  cooling  (Braconnot). — 

2.  It  bums  with  flame  and  an  empyreumatic  resinous  odour  (Braconnot).^ 

3.  Heated  with  sulphuric  add  and  add  chromate  of  potaesiumy  it  gices  off  large  quan« 
tities  of  salicylous  acid  (Piria). — 4.  By  solution  in  ni/rtc  acid  of  spedfic  gravity  1*30 
it  is  convertM  into  benzo-helicin,  which  crystaUiscs  after  standing  for  some  tiine. 
The  solution  at  the  same  time  is  coloured  yellow  by  nitric  peroxide  (Piria) : 

C*H«0*  + 0 - C**U»0*  + HK>. 

Weak  nitric  add  acts  upon  populin  only  at  the  boiling  heat,  salicylons  add  being 
given  off  from  the  add  solution ; ordinary  nitric  add  acts  violently,  producing  yellowish 
crystals,  probably  consisting  of  picric,  nitrobonzoic  and  oxalic  adds  (Piria). — 5.  W'ith 
strong  auiphuric  add  populin  forms  a deep  red  solution  wheaco  water  throws  down  a 
red  powder  (Braconnot’s  rutilin),  which,  after  the  sulphuric  add  has  been  removed, 
dissolves  in  water  with  red  colour,  and  is  repredpitated  by  adds  (Bracon  not).  Hoi 
oil  of  vitriol  carbonises  populin.  (Koninck.) 

By  boiling  with  dilute  adds,  populin  is  resolved  into  saligenin,  benaoie  add.  and 
glucose : 

C*H®0»  + 2IP0  - (THK)*  + C^*0*  + 

PoiwUo.  Saligeoia.  Beosok  Glucose. 

•cU. 

and  the  saligenin  is  converted  by  the  further  action  of  the  add  into  saliretin, 

M 2C^H*0*  — 2H*0.  Concentrated  pAospAorsc  acid  forms  aaliretin  even  in  the  cold. 
(Braconnot) 

6.  Populin  heated  to  100^  in  a sealed  tube  with  alcoholic  ammoniCy  yields  saUdn, 
benzamide  and  bensoic  ether.  Gaseous  ammonia  does  not  act  on  populin  at  1 5C9 
(Piria). — 7.  Heated  with  potai*ium^k1fdraiey  it  yields  oxalate  of  potassium  (Bracon- 
not).— 6.  Populin  boiled  with  hydrate  of  caldum  or  barium  yields  a benzoate  and 
salidn : 

C»n*0'  + H*0  - C7H*0*  + 

PopuUo.  Bsoioic  SsUcis. 

acid. 

100  pts.  crystallised  populin  yield  28*9  pts.  bensoic  add,  the  calculated  quanti^  being 
28*64  pts.  (Piria). — 9.  By  prolonged  TOiling  with  wat^,  putrid  casdUy  and  carbonate 
of  c^cium,  it  is  decomposed  with  formatioo  ox  saligenin,  Is^te  of  caldum  and  benzoate 
of  caldum.  (Piria.) 

Populin  is  not  altered  bv  chlorine  or  iodinty  or  by  boiling  with  phosphorus  and  water 
(Braconnot),  or  by  emulsin  (Piria). 

VOXenkAXV.  The  finest  kind  of  earthenware,  made  of  the  purest  and  whitest 
clay  or  kaolin  (see  Clat,  i.  1024),  and  agglutinated  by  the  addition  of  some  oomponsd 
such  as  powderod  felspar,  which  softens  and  fuses  at  the  temperature  at  which  the  ware 
is  fired,  whereby  the  mass  is  rendered  semi-transparent,  in  the  same  manner  as  paper 
that  has  imbil^  melted  wax  remains  translucent  after  the  latter  has  become  fixed. 
The  fracture  of  porcelain  is  vitreous  and  not  earthy,  and  the  broken  snrfoee  does  not 
adhere  to  the  tongue  like  that  of  common  earthenware ; it  also  possesses  much  greater 
solidity  and  strength,  and  power  of  resisting  sudden  changes  of  temperature. 

YOKCBX»AZM-CX.AT.  See  Clat  (i.  1024). 

roitCBl-An,  UA.VMnm’8.  See  Glass  (ii  844). 

rOKCBXiAW-SVAm.  Syn.  with  ScAPOLira. 

IPOKVBUTB*  The  native  alloy  of  gold  and  palladium  (p.  326.) 

rOKVRTmzo  AOXB.  C‘*H*NW  « C*H*(NO*)*0*?  (Erdmann,  J.  pr. 
Chem.  zxxvii.  403.*— Gm.  xvii.  183.) — An  acid  produced  by  the  action  of  nitric  acid 
on  euxanthone  (ii.  610) ; so  called  from  its  property  of  producing  a blood-red  colour 
with  carbonate  of  ammonium.  A solution  of  euxanthone  in  cold  nitric  acid  of  specific 
gravity  1*31,  becomes  warm  on  standing,  evolves  red  vapours,  and  on  cooling  deposits 
porpbyric  acid,  which  may  be  purified  by  solution  in  carbonate  of  ammonium  and 
precipitation  with  hydrochloric  acid.  It  is  then  obtained  as  a yellow,  crystalline 
powaer,  or  in  very  small  rtNldish-yellow  crystals  becoming  electric  when  rubb^. 

According  to  the  mean  of  Erdmann’s  analyses,  it  contains  43*63  per  cent,  carbon, 
1*46  hydrogen,  1182  nitrogen.  The  above  formula,  proposed  by  Oerbardt,  which  repre- 
aents  it  as  dinitro-euxanthone,  reouires  46*4«5  C,  1*51  H,  10*62  N,  and  42*42  0. 

Porphyric  acid  is  slightly  soluble,  with  rod  colour,  in  pure  water,  insoluble  in  acidu- 
lated water,  very  slightly  soluble  in  cold,  more  soluble  in  boiling  alcokoL 

Whe.n  boiled  with  nitric  acid  it  yields  oxypicric  and  oxalic  acids. 

The  porphyrates  explode  when  heated.  The  acid  dissolves  in  carbonate  of  am* 
monium  forming  a blood-red  neutral  ammonium-salty  C‘*H*(NH*XNO*)*0*,  sparingly 
soluble  with  yellowish  colour  in  water.  At  130®  it  gives  off  water  and  ammoiua,  leaving 
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a len  Bolnble  acid  $qIU  which  crystalliBM  in  pale  red  feathery  crystals.  The  solution  of 
this  salt  forms  with  chloride  of  barium,  chloride  of  calcium,  neutral  acetate  of  lead,  and 
pitmto  of  silver,  red,  and  for  the  most  part  crystalline  precipitates  which  dissolve  in  a 
large  quantity  of  water.  The  add  ammonium^salt  throws  down  from  nitrate  of  silver 
pale  orange^coloured  crystalline  scales.  From  cupric  sulphate  the  neutral  ammonium- 
salt  predpitatee  black-red  flocks  which  become  granular  on  standing  or  more  quickly 
when  heated. 

Ozjporplijiio  aeld*  This  name  is  given  by  Erdmann  to  an  add  obtained, 
together  with  ox^icnc  acid,  by  the  action  of  l»oiling  nitric  acid  on  euxantbone.  It 
forms  yellow  microscopic  crystals,  and  differs  from  porphyric  acid  in  forming  with 
ammonia  s salt  which  is  more  soluble  in  carbonate  of  ammonium  than  the  porphyrate, 
and  does  not  change  colour  from  dark  red  to  pale  red  when  heated.  The  add  gives  by 
analysis  (mean)  4276  per  cent,  carbon,  138  hydrogen,  11*95  nitrogen  and  43*91 
oxygen,  a composition  diflering  but  little  from  lhatof  porphyric  acid:  hence  Laurent 
(Compt.  chim.  1849,  p.  384)  r^arded  the  two  as  probably  identicaL 

FOKVHTR1T&  The  name  given  by  Streng  to  the  meluphyr-porphyry  (iii.  867) 
of  the  southern  range  of  the  Hai^  (For  analyses  see  Jahrcsbericht,  1858,  p.  760  ; 
1861,  p.  1057). 

PO&PBTSOSCZV*  A neutral  substance  said  by  Merck  to  exist  in  some  kinds 
of  opinm  (p.  208).  The  same  body  is  said  by  O.  Gibb  (Phorm.  J.  Trans.  [2]  i.  464) 
to  exist  in  Sanguinaria  Cunadentu  (see  Sanouinaria). 

POBPBTBT.  A rock  consisting  of  a more  or  less  compact  fclspathic  base  with 
crystals  of  felspar  (often  orthoclase  or  oligoclase)  and  other  minerals  imbedded  in  it. 
It  may  be  green  with  blotches  of  pale  green  or  white,  or  red  with  white  blotcbce 
or  specks,  besides  other  shades  of  colour;  the  blotches  of  a polished  surface  are  the 
felspar  crystals.  The  name  is  derived  from  vop^vpo,  purple,  on  account  of  the  brownish 
or  bluish-red  colour  of  certain  varieties  used  by  the  ancients  for  statuary.  The  several 
varieties  of  porphyry  are  named  according  to  the  nature  of  the  crystals  which  occur 
most  abundantly  m them  e,g»  felspar-porphyry,  quarts-porpbyry  &c. 
Eurite-porpbyry  has  a base  compcMKKi  of  felspar  or  a fioe-grainea  mixture  of 
felspar  and  quartz,  enclosing  crystals  of  various  minerals.  Augitic  porphyry  has 
a basaltic  base  enclosing  crystals  of  augito.  Granitic,  syenitic,  greenstone, 
trachyte  porphyry,  &c.,  consist  of  a gronulo-crystalline  base,  intermixed  with  the 
constituents  of  granite,  syenito,  &c.,  and  larger  crystals  of  felspar. 

90BV0ISS*0X^  Mteritchvfeinthran. — Obtained  by  heating  the  belly-blubber 
of  the  porpoise  {Ddpkinua  Phocand)  with  water.  It  has  a density  of  0*937  at  16°,  and 
in  the  fresh  state,  a pale  yellow  colour,  an  odour  of  sardines,  and  does  not  redden 
litmus ; but  on  exposure  to  air  and  light,  it  loses  its  odour,  becomes  first  dariter,  then 
nearly  colourless  and  acquires  an  acid  reaction,  from  liberation  of  valerianic  acid.  It 
consists  of  olein,  maigarin  [palmitin],  and  valerin.  With  3 pis.  of  boiling  alcohol  of 
specific  gravity  0*821 , it  forms  a solution  which  becomes  turbid  us  soon  as  it  is  removed 
from  the  fire : with  1 pt.  of  alcohol  a more  stable  solution  is  formed,  capable  of  taking 
up  any  further  quantity  of  the  oil.  (Chovreul,  RecKerehes,  p.  287  i Berthelot,  Ann. 
Ck  Phys.  [3]  xli.  253.) 

VOBPOBZJro.  An  Italian  glass  resembling  hiematinone  (iii.  3)  in  appearance, 
but,  according  to  Pettenkofer,  different  from  it  in  composition. 

rOBTBB.  See  Bkkb  (L  529,  633). 

POBTZTB.  White  radiate  masses  from  the  gabbro  of  Tuscany,  cloaviug  parallel 
to  the  sides  of  a prism  of  120®.  Specific  gravity  =*  2*4.  Swells  up  before  the  blow- 
pipe, and  fuses  to  a white  enamel.  Gelatinises  with  acids  in  the  cold.  Contains, 
according  to  Bechi  (Sill.  Am.  J.  [2]  xiv.  63),  58*12  per  cent,  silica,  27’6  alumina, 
4*87  magnesia,  1*76  lime,  0*16  soda,  0*10  potash,  7'92  water,  and  appears  to  haTO  been 
formed  by  the  decomposition  of  a zeolite. 

caasSB7.  A cement  BO  called  because  it  has  the  colour  of  Portland 
stone.  It  is  made  by  mixing  the  argillaceous  sand  of  the  Thames  with  chalk.  (Sec 
tee’s  Dictionary  of  ArU,  ^e.  iii.  471.) 

romTUurs  STOira.  An  oolitic  limestone  immediately  underlying  the  Pur  beck 
strata ; so  called  from  its  developement  in  the  island  of  Portlmid. 

VOBTVOAUO-OX&.  Kssentiul  oil  of  orange-pccL  (See  Citrus,  i.  1002.) 

POTAMOOBTOW.  The  composition  of  the  fennel-leaved  pond-weed  {Potam^ion 
pectmo/us)  hAs  been  determined  by  Herv6  Margou  (Jahresb.  1861,  p.  735),  with  the 
following  results: 

t Y 2 


Digitizea  oy  Googic 


692 


POTASH— POTASSIUM. 


Combuitlblc  matter 

without  Nitrogeu.  Nitrogen.  Silica. 

a.  61 8 2'6  60 

h.  69*6  1*9  141 


Phoephork  Other  mineral 
l.iine.  anhjdride.  cooatiiumita. 

121  10  16-6 
0-8  . . 137 


Cloez  (Compt.  rend.  Irii.  354  ; Jahrpsb.  1863,  p.  699)  find*  that  gas  erolred  from 
Potamogeton  per/o^iatwn  under  the  influenco  of  sunshine  and  in  water  continuaUj 
renewed,  consists  wholly  of  oxyp‘n  and  nitrogen  without  any  trace  of  combustible  gas, 
the  composition  varying  from  46‘08  per  cent,  oxygen  in  the  first  to  38*6  per  cent,  on 
the  twentieth  day.  The  same  plant  growing  in  ordinary  aerated  water  slightly  charged 
with  carbonic  acid,  but  not  renewed,  gave  out  gas  also  consisting  wholly  of  oxygen  and 
nitrogen,  and  containing  70*10  per  cent,  oxygen  on  the  first,  87*62  on  the  third  and 
90*87  per  cent,  on  the  fifth  day. 

VOTABB.  This  term  is  applied  sometimes  to  the  hydrate,  sometimes  to  the 
anhydrous  oxide  of  potassium,  occasionally  also  to  the  crude  carbonate ; it  is  best  bow*- 
over  to  restrict  it  to  the  hydrate,  cither  in  the  solid  state  or  in  aqueous  solntion. 

yOTASKBB.  Crude  carbonate  of  potassium,  obtained  by  lixiviating  the  ashes  of 
land-pluots  and  boiling  down  the  solution  in  iron  pots. 

BOTABB*ZtZBCB.  A mixture  of  hydrate  of  potassium  and  quicklime,  prepared  by 
evaporating  a mixture  of  caustic  potash-ley  and  lime  in  an  iron  pot,  coining  the 
residue  in  a crucible,  and  rubbing  it  to  fine  powder  in  a warm  mortar.  It  acts  on 
organic  bodies  at  high  temperatures  in  the  same  manner  as  pure  hydrate  of  potassium, 
but  is  more  convenient,  because  it  is  less  fusible  and  does  not  act  so  strongly  on  glass 
vessels.  It  is  however  not  so  much  used  as  the  analogous  mixture  of  lime  and  soda. 


POTA88  or  POTASS  A.  Hydrate  of  potassium  (p.  700). 

POTASSirmC.  SymM  K.  AUmic  Weight  39*1. — This  element  is  very  widely  dif- 
fusi-d  in  nature.  In  the  mineral  kingdom  it  occurs  as  silicate,  together  with  earthj 
tnilicut<^,  in  felspar,  mica,  &c. ; as  sulphate,  combined  with  sulohate  of  aluminium,  in 
alum  stone;  as  chloride,  bromide  and  iodide  in  sea-water  ana  salt-deposits;  and  as 
nitrate  in  various  soils  in  tropical  countries.  Potassium-salts  enter  also  into  the  bodies 
of  plants  and  animals,  being  taken  up  by  plants  from  the  soil,  entering  into  almost 
every  |Mirt  of  the  vegetable  structure,  and  being  thence  transfem^  to  the  animal  body, 
where  they  are  found  as  essential  constituents  of  many  organs  and  fluids,  flesh  and 
milk  for  example. 

The  vegetable  kingdom  is  the  chief  source  from  which  potassium-compounds  are 
pn‘pared.  The  potassium  in  plants  exists  in  combination,  partly  with  inorganic,  partly 
with  organic  acids,  tartaric,  oxalic,  citric,  malic,  &c.;  and  when  a plant  is  burnt, 
the  inorganic  potassium-salts  contained  in  it,  the  sulphate,  chloride,  &c.,  remain  in  the 
ash  as  such,  whilst  the  organic  salts  are  converted  into  carbonate,  and  from  this  the 
other  salts  of  potassium,  as  well  as  the  hydrate,  or  caustic  potash,  may  be  prepared. 
Potassium-salts  are  likewise  obtained  from  the  ashes  of  marine  plants,  from  sevwater 
and  brine-springs,  from  felspar  and  other  potassic  minerals,  and  from  the  washings 
of  sheep's  wool.  (See  Porassins-aALTS,  Manutacturs  op. 

l^cyiration  of  the  Metal. — Potassium  was  first  isolated  by  Davy  (in  1807),  who 
obtained  it  by  the  electrolysis  of  the  hydrate.  When  a piece  of  this  substance,  slightly 
moistened  by  exposure  to  the  air,  to  give  it  sufficient  condneung  power,  is  placed  on  a 
platinum-capaulo  connected  with  tho  negative  pole  of  a powerful  voltaic  battery  (Davy 
used  from  100  to  200  pairs  of  Wollaston’s  cunstructiun,  six  inches  sqnareX  ^^d  touched 
by  a platinum  wire  proceeding  from  the  positive  pole,  it  liquefies  and  is  decompoeed. 
globules  of  potassium  appearing  on  the  capsule  and  taking  fire,  unless  they  are  quickly 
removed  ana  immersed  in  rock-oiL 

An  easier  method  of  obtaining  potassium  by  electrolysis  is  that  given  by  Matt  h les- 
sen (Chem.  Soc.  Qil  J.  viii.  30).  A mixture  of  1 aL  chloride  of  potassium  and  1 aL. 
chloride  of  calcium  (which  mixture  is  used  because  it  melts  at  a much  lower  tempera- 
ture than  chloride  of  potassium  alone)  is  melted  in  a small  porcelain  crucible  over  a 
lamp,  and  subjected  to  the  action  of  a Bunsen's  battery  of  six  elements  with  carbon 
poles,  the  heat  being  so  regulated  that  a solid  crust  forms  round  tho  negative  carbon 
pole,  while  tho  mixture  remains  fused  and  allows  the  free  evolution  of  chlorine  at  the 
positive  pole.  When  the  decomposition  has  been  continued  in  this  manner  for  about 
twenty  minutes,  and  the  cooled  crucible  is  opened  under  rock-oil,  a large  qoantity  of 
potassium,  almost  chemically  pure,  is  genor^ly  obtained.  If  the  same  experiment  be 
repeated  at  a white  beat  over  a charcoal  fire  with  an  iron  wire  as  negative  pole,  small 
globules  of  potassium  are  seen  burning  on  the  surface ; and  these  are  found  to  be 
^most  pure.  (Matthiessen.) 

For  preparing  pota«?ium  in  large  quantities  however,  it  is  necessary  to  resort  to  other 
methods.  Qay-Lussac  and  Tbemord,  soon  after  Davy’s  discovery  of  the  metal,  showed 


Digitized  by  Google 


POTASSIUM. 


693 


that  it  might  be  obtained  in  ^aUr  abnndance  by  decomposing  bydmte  of  polaasium 
arith  metallic  iron  at  a white  heat.  Iron  tamings  were  heated  to  whiteness  in  a 
carved  guo-barrel  covered  with  a clay  late,  and  melted  hydrate  of  potassium  was 
allowed  to  pass  slowly  over  the  ignited  iron.  Decomposition  then  ensued,  the  iron 
talcing  ap  the  oxygen  of  the  hydrate,  while  the  potassinm  and  hydrogen  were  set  free, 
the  potassinm  passing  over  in  the  state  of  vapoor  and  being  condensed  in  a cooled 
copper  receiver. 

A still  more  prodactive  method  consists  in  decomposing  carbonate  of  potassium  with 
charcoal  at  a high  temperature.  This  method,  first  suggested  by  C uraudaa  (Ann. 
Chim.  Ixvi.  97),  was  brought  into  an  available  form  by  Brunner  (Bibb  Univ.  xxii. 
36b  and  has  been  still  further  improved  by  Maresca  and  Donni  (Ann.  Ch.  Phys. 
[3]  XXXV.  1<7).  An  intimate  mixture  of  charcoal  and  carbonate  of  potassium  is  pre- 
pared by  igniting  about  6 lbs.  of  crude  tartar  (acid  tartrate  of  potassium)  in  a covered 
iron  cracible  till  it  ceases  to  emit  vapours.  The  porous  mixture  thus  obtained  is 
rapidly  cooled  by  the  application  of  cold  water  to  the  outside  of  the  cracible,  and  the 
charrtsl  mass,  broken  into  lumps  about  the  sixe  of  a hazel-nut,  is  quickly  introduced 
into  a wrought-iron  bottle  (generally  one  of  the  bottles  in  which  mercniy  is  evaporated). 
The  bottle  is  then  introduced  into  a furnace  a (Jta.  739),  and  placed  horizontally  on 
supports  of  fire-brick,  /,  /.  A wrought-iron  tube  a,  four  inches  long,  serves  to  convey 

Fig.  739.  Fig.  740. 


the  vapours  of  potassium  into  a receiver  r,  formed  of  two  pieces  of  wrought  iron,  a,  b 
(Jig.  740),  which  are  fitted  closely  to  each  other  so  os  to  form  a shallow  box  only  a 
quarter  of  an  inch  deep,  and  are  kept  together  by  clamp-screws.  The  iron  plate  should 
bo  1th  of  an  inch  thick,  12  inches  long,  and  4 inches  wide.  The  receiver  is  open  at 
both  ends,  the  socket  fitting  upon  the  neck  of  the  iron  bottle.  The  object  of  giving  the 
receiver  this  flattened  form  is  to  ensure  the  rapid  cooling  of  the  potassium,  and  thus 
to  withdraw  it  from  the  action  of  the  carbonic  oxide,  which  is  disengaged  during  the 
entire  process,  and  has  a strong  tendency  to  unite  with  the  potassium,  forming  a 
dangerously  explosive  compound.*  Before  connecting  the  receiver  with  the  tube  d,  the 
fire  is  slowly  raised  till  the  iron  bottle  attains  a dull  red  beat  Powdered  vitrefled 
borax  is  then  sprinkled  upon  it,  which  melts  and  forms  a coating,  serving  to  protect  the 
iron  from  oxidwon.  The  heat  is  then  to  be  nrged  until  it  is  very  intense,  care  being 
taken  to  raise  it  as  equally  as  possible  throughout  cv'ry  part  of  the  furnace.  When  a 
full  reddish-white  heat  is  attained,  vapours  of  potassium  begin  to  appear  and  burn  with 
a bright  flame.  The  receiver  is  then  adjusted  to  the  end  of  the  tube,  which  must  not 
project  more  than  a quarter  of  an  inch  through  the  iron  plate  forming  the  front  wall  of 
the  furnace ; otherwise  the  tube  is  liable  to  ^ obstruetea  by  the  accumulation  of  solid 
potassium,  or  of  the  explosive  compound  above  mentioned  Should  any  obstruction 
occur,  it  must  bo  removed  by  thrusting  in  an  iron  bar,  and  if  this  fail,  the  fire  must  be 
immediately  withdrawn  by  removing  the  ban  from  the  furnace,  with  the  exception  of 
two  which  support  the  iron  bottle.  The  receiver  is  kept  cool  by  the  application  of  a 
wet  cloth  to  its  outside.  When  the  operation  is  complete,  the  receiver  with  the  potas- 
sium is  removed  and  immediately  plunged  into  a vessel  of  rectified  Persian  naphtha 
provided  with  a cover,  and  kept  cool  by  immersion  in  water.  When  the  apparatus  is 
sufficiently  cooled,  the  potassium  is  detached  and  preserved  nnder  naphtha. 

* In  Brunner's  orlsinal  process,  rnpper  receivers  were  used  of  ^Undrlcsl  form  and  much  lareer 
dimensions  than  those  above  dcecribM  (tee  Graham's  EUvtnUt  of  Ckemittrif.  tod  ed.  i.  axl ).  But 
with  these  receivers  the  condensation  of  the  potassium  is  found  lobe  very  uncertain  ; and  when  the  iron 
connectine  tuba  is  kept  red-hot  throushout  Its  whole  length,  as  It  should  beto  prevent  obstruction,  the 
whole  of  the  meui  somotimes  escapes  la  the  foim  of  vapour,  not  a particle  condensing  in  the  receiver. 
(Mnrescaand  Dood4.) 
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To  obtain  the  miiziinQiii  piodneo  of  potAssimn,  it  U neeoMary  that  the  mixtnro  of 
potSBiric  carbonate  and  charcoal  ahonld  contain  1 at.  of  the  carbonate  to  2 at,  carboa, 
each  a mixture  when  heated  being  wholly  conrertod  into  potaanom  and  carbonk 
oxide : 

K*CO*  + C*  - K*  + SCO. 


To  aecertain  whether  this  is  the  ease,  the  bnmt  tartar  mast  be  analysed,  and  any  de* 
riation  from  the  required  proportions  must  be  rectified  by  mixing  samples  of  tartar  of 
dififerent  qaalitiee.  But  cren  when  the  right  proportions  are  attaint,  the  qaantitj 
of  crude  potassium  obtained  docs  not  exce^  one-fourth  of  the  weight  of  the  charge, 
whereas  if  the  process  could  be  carried  on  withont  loss,  the  yield  shoold  be  about  one- 
half,  us  162  pts.  of  the  mixture  of  carbonate  and  charcoal  contain  78  pt«.of  potaseiunu 
Ktihuemann  (Jahresb.  1864,  p.  180)  rt'coraniends  the  addition  of  chalk  to  the  burnt 
tartar,  in  such  proportion  that  the  mixture  may  contain  100  pts.  potaasic  carbonate  to 
20  pts.  carbon  and  13*5  to  14  pts.  calcic  carbonate. 

The  potassium  obtained  by  this  process  is  not  pure,  but  always  contaminated  with 
compounds  containing  carbon  and  oxygon.  To  remove  these,  it  must  be  distilled  a 
second  time  in  an  iron  rctcu’t,  and  this  {nccaution  is  essential,  as  if  the  crude  potasaiain 
is  exposed  to  the  air,  and  even  if  it  is  preserved  under  naphtha,  a black  detonating 
com|)ound  is  quickly  formed,  which  explodes  violently  on  the  slightest  friction.  The 
purified  metal  amounts  to  about  two-thirds  of  the  quantity  operated  on.  A third  dis- 
tilbition  may  be  necetisary  if  the  potassiom  is  required  to  be  perfectly  pure.  A little 
impure  potassium  always  remains  in  the  tube  attached  to  the  retort ; and  to  prevent 
the  possibility  of  its  forming  the  detonating  compound  above  mentioned,  the  tube 
should  be  detached  as  soon  as  it  is  cold  and  immersed  in  water. 

Prt>pcrtie3. — Potaasium  is  a blnish-white  metal  of  specific  gravity  0’865,  being  the 
lightest  of  all  the  metals  except  lithium,  and  capable  of  floating  easily  on  water.  At 
OMt  is  brittle  and  has  a ciystalUne  fmcitire ; it  becomes  malleable  at  a slightly  higher 
temperature,  soft  at  15*^,  pasty  at  a few  degrees  higher,  and  completely  fluid  at  62*5'^. 
In  the  soft  state  it  may  be  cut  with  a knife,  and  two  clean  surfaces  of  the  metal  may 
be  welded  together  like  white-hot  iron.  At  a red  heat  it  may  be  distilled,  yielding  a 
beautiful  green  vapour.  When  freshly  cut  it  possesses  considerable  lustre,  but  instantly 
tarnishes  from  oxidation  when  expos^  to  the  air ; indeed  it  is  so  greedy  of  oxygen  that 
it  can  only  be  preserved  in  the  metallic  state  by  immersing  it  in  mineral  naphtha  or 
enclosing  it  in  u sealed  tube.  AVhen  a few  grammes  of  the  metal  are  melted  in  a sealed 
tube  filltKl  with  coal-gas,  then  left  to  cool  till  a few  solid  points  appear  on  the  surface, 
the  remaining  liquid  portion  poured  off  by  suddenly  inclining  the  tubi%  the  solidified 
portion  remains  in  shining  octahedral  crystals  belonging  to  the  dimetric  system,  and 
having  the  angle  P : P » 52°  in  the  Umninal,  and  about  76^  in  the  basal  edges. 
(C.  £.  Long,  Chom.  Soc.  Qu.  J.  xiii.  122.) 

Potassium  wlien  halted  in  the  air  to  its  point  of  volatilisation,  bursts  into  flame 
and  burns  rapidly  with  a \iolet  light  When  thrown  upon  water,  it  dtNX>m{>oses  the 
water  with  great  violence,  dispWiog  half  the  hydrogen  and  forming  hydrate  uf 
potassium : 

2H*0  2KHO  + H*. 


The  escaping  hydrogen  carries  with  it  a small  portion  of  the  volatilised  metal,  and 
takes  Art)  from  the  heat  evolved,  burning  with  a beautiful  rose-red  flame,  while  the 
molted  metal  floats  about  on  the  water,  and  finally  disappears  with  an  explosive  burst 
of  steam  as  the  globule  of  melted  potash  becomes  cool  enough  to  come  into  contact 
with  the  water.  Potassium  likewise  decomposes  nearly  all  gases  contAining  oxygen, 
when  heated  in  contact  with  them ; and  at  high  temperatures  removes  oxygen  from 
almost  all  bodies  containing  that  element.  On  the  otm^r  band  it  is  separated  from  its 
hydrated  oxide  when  very  strongly  heated  in  contact  with  iron  or  charcoal,  the  decom- 
position being  doubtless  greatly  facilitated  by  the  volatility  of  the  pota^um.  (See 
Chxmicxl  Atfixitt,  i.  859.) 

Potassium  absorbs  hydrogen  at  a heat  short  of  redness,  and  is  conveited  into  a 
greyish  hydride  (perhaps  HKO,  from  which  however  the  hydrogen  is  expelled  at  a 
stronger  heat — Potassium  unites  directly  with  chiorine,  bromine,  iodine,  tulpkur,  $eU- 
nium  and  tellurium,  burning  vividly  when  heated  in  contact  with  them,— It  also  com- 
bines with  pho9pkoru$,  the  combination  being  attended  with  evolution  of  light  and 
heat  when  the  two  bodies  are  heated  together  in  nitrogen  gas;  under  mineral  naphtha 
it  takes  place  without  visible  combustion.— When  moderately  heated  in  rar5onic  oxide 
gas,  or  when  its  vapour  is  allowed  to  condense  slowly  in  an  atmosphere  of  that  gas,  it 
absorbs  the  carbonic  oxide,  forming  the  black  mass  above  mentioned  (p.  693),  from 
which  the  metal  cannot  be  recovered. 


Potaasium  is  a monatomic  metal,  belonging  to  the  group  which  includes  the  other 
alkali-metals,  escsium,  rubidium,  lithium,  and  sodium,  togothcp  with  silver.  With 
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cUorin<\  brominr,  iodino  and  fluorine,  it  forma  the  compounda  KCI,  KBr,  &e. ; with 
chlorine  also  a aubchloride,  K’Cl ; with  ozjgen  it  forma  a protoxide,  K’O,  the  correa- 
pondinp;  hydrate,  KHO,  a dioxide,  K*0’,  and  a tetroxide,  K*0‘;  with  sulphur,  a 
protosulphido,  K*S,  a sulphydrate,  KHS,  and  several  polysulphides. 

VOTAMZinc,  AA&OTS  OT.  Potassium  forms  alloys  with  most  other  metals, 
the  oombination  being  generally  eATcctcd  by  fusing  the  two  metals  together,  Anti- 
monide,  arsenide  and  bismuthide  of  potassium  arc  produced  either  in  this 
manner  or  by  heating  the  respMtivo  metals  with  cream  of  tartar.  These  compounds, 
when  distillM  with  the  alcoholic  iodides,  yield  the  arsenide,  tcc.,  of  the  corresponding 
alcohol-radicles  (i.  339,  397,  696).  The  arsenide  and  antimonide  decompose  water, 
with  evolution  of  arsonel  ted  and  antimonetted  hydrogen. 

An  alloy  of  potassium  and  sodium  containing  76'5  per  cent,  of  the  former,  is  pro- 
duced by  heating  hydrate  of  potassium  with  sodium  in  a tube  containing  caontchin  to 
the  boiling  point  of  the  liquid.  It  is  fluid  at  ordinary  temperatures  and  takes  Are  in 
contact  with  water  (Gr.  Williams,  R6p.  Chim.  pure,  iii.  177).  Wanklyn  (loe.  cit.) 
obtained  an  alloy  of  these  metals,  also  liquid  at  ordinary  temperatures,  by  beating 
acetate  of  potassium  with  scslium. 

The  other  alloys  of  potassium,  some  of  which  are  described  under  the  respective 
metals,  are  of  no  particular  importance.  Respecting  the  amalgam  of  potassium,  see 
Mbbcubt  (iii.  889). 

VOTASazirM,  AMZSBS  of,  Monopotatiamide,  KH’N,  is  formed  when 
potassium  is  gently  heated  in  ammonia-gas.  It  is  an  olive-green  substance,  exhibiting 
a brown  colour  by  transmitted  light  when  in  very  thin  scues;  is  a non-conductor  of 
electricity,  melts  at  a little  above  100°,  and  when  heated  in  a close  vessed,  is  resolved, 
at  a temperature  a little  below  redness,  into  ammonia  and  tripotoasamide ; 3KII’R  = 
2H*N  e K’N.  At  a dull  red  heat  the  ammonia  is  partly  resolved  into  hydrogen  and 
nitrogen.  When  heated  to  fusion  in  the  air  or  in  oxf/gen  gat,  it  bums  rapidly  and  is 
converted  into  hydrate  of  potassium,  with  evolution  of  nitrogen.  With  toater  it  forms 
ammonia  and  hydrate  of  potassium ; 

KH*N  + HK)  - II'N  + HKO. 

Adds  andalcobols  act  upon  it  in  a similar  manner  (Gay-Lussac  and  Tbinard,  He- 
ckerehtt pkytico-chimiquet,i.  337 ; H,  Davy,  PbiL Trans.  1809,  pp.  40 and 460).  With 
ankgdrout  alcohol  it  yields  ammonia  and  ethylate  of  potassium  ; 

KH*N  + C*H*.H.O  - + CTI*.KO. 

Similarly  with  phenol.  When  wanned  with  an  ethereal  solution  of  acetic  anhydride,  it 
forms  acetamide  and  acetate  of  potassium: 

(CTI*0)>0  + KH*N  - 

Laetide  dissolved  in  ether  acts  slowly  on  it,  ammonia  being  set  free  and  lactate  of 
potossiam  formed.  An  ethereal  solution  of  luecinic  anhydride  has  no  action  upon  it. 
With  compound  ethers  it  yields  ammonia  and  resinous  products  ; with  beneoate  and 
acetate  of  ethyl  it  yields  also  the  corresponding  potassium-salts;  with  oxalate  of  ethyl 
it  forms  oxalate  and  oxamate  of  potassium.  Sulphate  of  ethyl  and  oxalate  of  methyl 
do  not  act  upon  it.  With  chloride  of  hentoyl  dissolved  in  oinhydroos  ether  it  forms 
benzamide  and  dibenzamide,  according  to  the  equation  : 

3C’H*Oa  + 3KH*K  - + SKO  + H*N. 

When  the  amide  is  brought  into  direct  contact  with  chloride  of  benzoyl  without  the 
intervention  of  ether,  a very  violent  action  takes  place,  sometimes  attends  with  inflam- 
mation, and  a number  of  secondary  products  are  formed,  including  hydrochloric  acid, 
benzoic  acid  and  benzoic  cyanide.  (Baumert  and  Landolt,  Ann.  Ch.  Fharm.  cxi. 
1 ; Jahresb.  1869,  p.  126.) 

Tripotateamide  or  Nitride  of  Potaieium,  K*}!,  obtained  by  heating  mono- 
potassamide  without  access  of  air,  is  a greenish-black  infusible  substance,  whiui,  when 
very  strongly  heated  without  access  of  air,  is  resolved  into  potassium  and  nitrogen.  On 
exposure  to  the  air,  it  generally  takes  fire  spontaneously,  burning  with  a dark-red 
flame.  YTith  voter  it  effervesces  violently,  yielding  ammonia  and  hydrate  of  potassium ; 
K’N  + 3IPO  II’N  + 3KHO.  It  unites  with  tulphur  or  phoephortu  when 
heated,  forming  a highly  inflammable  mixture,  which  in  contact  with  water  gives  off 
sulphydric  acid  or  phuephoretted  hydrogen  as  well  as  ammonia.  (Gay-Lussac 
'ind  Th6nard,  Davy.) 

FOTAS8ZVX,  AXTZXOVZ9B  OF.  Sec  AjmKOICT  (i.  317)- 
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POTASSXITM,  AMZ3TXBS  OF.  See  PoTASsa'H,  Ali^)TS  OT  (p.  69.5).  The 
wmpound  K*As  ia  formed  by  heatiog  potassium  in  arsenetted  hydrogen.  It  is  a chest- 
nut-brown jK)wder,  which  is  decomposed  by  water,  pving  off  an«netted  hydix^en,  und 
forming  hydnite  of  potassium ; K*As  + 311*0  **  m*As  + 3KHO.  Alloys  contaiD- 
ing  larger  proportions  of  arsenic  likewise  yield  solid  arsenide  of  bydre^oo  (L  37 1 ). 

FOTASSZVaif  BORXBS  OF  f Potassium  and  boron  when  heated  together, 
unite  without  inflammation,  forming  a grey  metallic  mass,  which  conducts  eh*ctnd^, 
and  is  decompwied  by  contact  with  water,  yielding  potash  and  hydride  o(  boron  (Davy). 
According  to  Gay-Lussac  and  Thcman),  the  product  obtained  as  above  is  only  a 
mechanic^  mixture  of  boron  and  potassium. 

FOTAS8ZUW,  8XOBCXBB  OF.  KPr. — Potassium  and  bromine  unite  directly, 
with  violent  inflammation  and  detonation.  The  bromide  is  also  formed  by  heating 
potassium  in  hydrobromic  acid  gas,  and  by  the  action  of  bromine  on  fused  iodide  of 
potassium.  It  may  be  prepared : 1.  By  neutralising  hydrobromic  acid  with  potash.— 

2.  By  d»*coraposing  bromide  of  iron  with  an  equivalent  quantity  of  potassic  carlx)nate. — 

3.  Together  with  the  hromate,  by  adding  bromine  to  a solution  of  caustic  pohiah  till 
the  liquid  acquires  a slight  permanent  yellow  colour.  The  bromate  may  then  be 
decomposed  by  passing  a current  ofsulpbydric  acid  through  the  solution,  the  excess  of 
the  gas  expelled  by  gentle  he:itiiig,  the  liquid  filtered  from  the  deposited  sulphur,  and 
evaporated  till  it  yields  ciy'stals  of  the  bromide  (Lowig). — F.  Klein  (.\nn.  Cb. 
Phurm.  cxxriii,  237)  prepares  the  salt  by  decomposing  bromide  of  calcium  (obtained 
by  triturating  1 pt.  amorphous  phosphorus  with  12‘6  pis.  bromine  und  water,  and 
slightly  supersatunitiiig  the  r«*sulling  aqueous  hydrobromic  acid  with  milk  of  lime) 
with  sulphate  of  potassium  (13  pts.),  leaving  the  mixture  to  itself  for  12  hours,  then 
evaporating  the  filtrate  and  wash-water,  lidding  carbonate  of  potassium  as  long  as  tur- 
bidity ensues,  and  evaporating  the  filten^d  liquid  to  the  crystallising  point. 

Bromide  of  potassium  crystallises  in  very  brilliant  cul>es,  sometimes  elongated  into 
prisms  or  flattened  to  plates.  It  has  a specific  gravity  of  2 690  (Schroder,  Jahresb. 
1869,  p.  12);  tastes  sharp;  decrepitates  in  the  fire,  and  melts  without  dt'composition. 
It  dissolves  more  abundantly  in  hot  than  in  cold  wattr,  and  is  slightly  soluble  in  alcohol. 
It  is  decomposed  at  a rod  heat  by  chlorine.  With  aqueous  ht/pocklorous  acid,  it  yields 
bromate  ami  chloride  of  potassium,  bromine  and  chlorine  being  sot  free.  When  fused 
with  chlorate  of  potassium,  it  is  converted  into  bromate.  According  to  Hem  pel 
(Ann.  Ch.  Pharm.  evii.  160),  it  is  not  decompose<l  in  neutral  solution  by  permanganate 
of  potaeeium,  even  at  the  boiling  beat ; but  on  addition  of  sulphuric  acid,  bromine  is  set 
free  even  in  the  cold,  and  after  boiling  for  a few  minutes  the  decomposition  is  complete, 
the  liquid  no  longer  containing  any  bromine. 

FOTABSme.  CAKBXBB  OF  f Charcoal  which  has  bten  heated  to  redness  in 
contact  withpotass^’um,  effervesces  afterwards  in  contact  with  water:  hence  the  charcoal 
appears  to  have  taken  up  a portion  of  the  potassium,  as  the  metal,  if  heat<‘d  alone, 
would  volatilise  entirely.  (Davy.) 

POTABSXXmC,  CABB03CXBB  OF.  KCO.— Potassium  unites  directly  with 

carbonic  oxide,  as  first  observed  by  Liebig  (Ann.Ch.  Pharm.  xi.  182).  According  to 
Brodie  (Chem.  Soc.  Qu.  J.  xii.  269),  pure  potassium  heated  to  about  80*^  in  carbonic 
oxide  free  from  air,  is  at  first  slowly  converted  into  an  arborescent  group  of  dull  grey 
crystals  ; but  if  the  passage  of  the  gas  be  further  continued,  a more  raj)id  absorption 
takes  place,  even  at  a lower  temperature,  and  the  grey  crystals  are  converted  into  a dark 
red  compound  K*C*0*.  The  grey  substance,  which  cannot  be  obtained  pure,  appears 
to  consist  of  K*CO.  The  dark  red  compound  may  be  preserved  under  mineral  naphtha, 
but  is  decomposed  with  extreme  violence  by  water,  and  even  in  the  dry  state,  sometimes 
explodes  from  causes  which  hare  not  been  mjulo  out  On  carefully  adding  it  to  anhy- 
drous a'cohol,  great  heat  is  evolved,  part  of  the  substance,  containing  ^ths  of  the  entire 
quantity  of  potassium,  dissolves,  without  evolution  of  gas,  and  the  rest  separates  as 
rhodizonate  of  potassium,  probably  thus : 

SK^C'O*  - 2K^O  + K-C>»0». 

CArlM>xlde  of  Rhudixonate  of 

Potatsium.  P()ta>»ium. 

Hence  the  carboxide  may  be  regarded  as  a compound  of  protoxide  and  rbodizonate,  or 
as  a basic  rhodizonate  oi  pota.vsium  (see  Buodizonic  Acid). 

The  black  explosive  substance  formed  in  the  pn'parafion  of  potassium,  by  heating 
carbonate  of  potas.tilum  with  charcoal,  appears  to  consist  of  one  or  both  of  the  com- 
pounds jiLst  aescribed.  According  to  Kiihncmann  (Jahresb.  1864,  p.  180),  when 
potassium  is  intensely  heated  in  carbonic  oxide  ^as,  there  are  fonm*d:  first,  a grey 
mixture  of  oxide  of  potassium  aiul  free  carbon,  which  separalos  as  the  apparatus  cools 
from  a white  to  a red  heat ; and  secondly  a black  red  b^y,  which  soparabes  at  a tem- 
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peratnre  below  doll  redness,  both  compounds  being  formed  without  access  of  water  or 
moist  air.  When  the  vapours  which  escape  from  the  receiver  in  the  preparation  of 
potassium  arc  passed,  first  into  a l>ottle  partly  filled  with  naphtha,  and  thence  into  an 
empty  bottle,  the  grey  Bubstance  collects  chiefly  in  the  floret  bottle,  the  red  in  the 
second,  part  of  it  however  escaping  uncondensed,  and  imparting  a rod  colour  to  water 
into  which  it  is  passed.  The  red  substance  dissolves  in  water  without  evolution  of 
gas,  forming  a solution  which  exhibits  all  the  reactions  of  rhodizonate  of  potassium. 
The  explosion  of  the  grey  substance  is  attributed  by  Kiihnemann  either  to  the 
heating  of  the  mass  by  absorption  of  water,  or  to  the  formation  of  peroxide  of  potassium 
(from  the  protoxide  present)  and  its  action  on  the  free  carbon. 

VOTASSrvK.  CKXO&ZBB  OF.  KCl.  Digestive  Salt  Sal  digestivum. 
Sylvii.  Sal  febrifugum  Sylvii. — PoUissium  takes  fire  in  chlorine  gas  at  ordinal^ 
temperatures,  burning  with  a red  flame  and  producing  chloride  of  potassium.  This 
salt  is  also  formed  by  passing  chlorine  over  rea-hot  hydrate  or  iodid**  of  potassium  ; by 
gently  heating  potassium  in  hydrochloric  acid  gas;  by  dissolving  hydrate  or  carbonate 
of  potassium  in  aqueous  hydrochloric  acid  ; and  by  the  action  of  potassium  on  fused 
chloride  of  magnesium  and  other  metallic  chlorides.  It  occurs  native,  sometimes  pure 
but  more  abundantly  mixed  or  combined  with  other  cldoridds.  Pure  chloride  of 
potassium,  or  sylvine,  is  found  in  cubic  crystals  about  the  fumaroles  of  Vesuvius,  also  in 
thin  layers  in  the  salt<beds  of  Stassfurth  near  Magdeburg.  In  the  same  locality  there 
occurs  above  the  rock-salt,  a de|x>sit  of  chloride  of  potassium  and  magnesium,  or  car- 
KCl. Mg"CP. 611*0,  forming  a laver  between  60  and  70  feet  thick,  interspersed 
with  layers  of  rock-salt  and  kiescrile,  Mg"SOMPO.  This  deposit  is  worked  for  the 
extraction  of  the  potassium-chloride.  On  dissolving  the  camallite  in  warm  water, 
and  leaving  the  solution  to  cool,  the  greater  part  of  the  chloride  of  potassium  separates 
out,  while  the  whole  of  the  chloride  of  magnesium  remains  in  solution.  The  method 
of  recovering  the  remainder  of  the  potassium-chloride  from  the  mother- liquor,  will  bo 
described  hereafter  (p.  718).  Chloride  of  potassium  occurs  also  with  the  chlorides  of 
sodium,  magnesium,  calcium,  and  other  salts,  in  sea-water  and  brine-springs,  and  is 
obtained  as  a byo-product  in  the  pre^Miration  of  chlorate  of  potassium,  tho  purification 
of  saltpetre,  and  in  several  oilier  manufacturing  operations  (see  Potxs.sivm-sai.T8, 
Makvfactvre  op,  p.  716). 

Chloride  of  potassium  crystallises  in  cubes  often  prismatically  elongated;  rarely 
(from  solution  containing  free  potash)  in  octahedrons.  tSpecific  gravity  ^ 1*836 
(Kirwan),  1*9153  (Kursten),  1*945  (Kopp),  1*998  (Schroder),  1 986  (Schiff), 
it  tastes  like  common  salt;  is  not  acted  on  by  the  air;  decrepitates  when  heated;  melts 
at  a low  red  heat ; volatilises  unchanged  at  a higher  temperature.  It  is  somewhat 
more  volatile  than  chloride  of  sodium  ; in  a covered  crucible  it  may  be  kept  in  a stato 
of  fusion  without  loss ; but  in  open  vessels  it  volatilisos  gradually  in  tho  constantly 
renewed  current  of  air.  (H.  Rose.) 

Chloride  of  potassium  is  more  soluble  in  wxter  than  common  salt,  and  produces  a 
much  greater  degree  of  cold  in  dissolving  than  the  latter,  but  less  than  sal-ammoniac. 
One  part  dissolves  at  17‘5^  In  3*008  parts  of  water,  forming  a solution  of  specific 
gravity  1*1635  (K  arsten) : it  dissolves  at  ll’fi^in  2*89  parts,  at  13*8^  in  2*87  parts, 
and  at  15*6®,  in  2*85  ports  of  water  (Kopp)  ; 100  parts  of  water  at  0°  dissolve  29*23 


Solutions  containing  various  percentages  of  chloride  of  potassium  have  the  following 
specific  gravities:  According  to  Schiff  (Ann.  Ch.  Pha^  cviL  293;  Jahreeb.  1859, 
p,  39): 

Percentage  2*75  5*50  8*25  11*00  16*50  24*75 

Specific  gravity  at  15®  1*017  1*0360  1*0529  1*0730  1*1115  M729 

According  to  Gerlaoh  (Jahresb.  1859,  p.  43) : 

Percentage  6 10  15  20  24*9 

Specific  gravity  at  15®  1*0325  1*0651  1 1004  M361  M733 

Respecting  the  expansion  by  heat  of  solutions  of  potassium-chloride  of  various 
strengths, see  Kremers  (Pogg.  Ann.  Ch.  l*harm.  394;  Jahresb.  1857,  p.  68);  respecting 
the  tension  of  aqueous  vajxiani  given  off  from  its  solutions,  see  Wu  liner  (Pogg.  Ann. 
ciii.  529  ; Jahn^sb.  1859,  p.  44). 

Chloride  of  potassium  is  but  slightly  soluble  in  strong  alcohol.  According  to 
Schiff  (Ann.  Ch.  Pharm.  cxviii.  362;  Jahresb.  1861,  p.  87X  100  pu.  of  spirit  of 
various  strengths  are  capable  of  dissolving  at  16®,  tho  following  quantities  of  potassiom- 
chloride : 
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QuaotU^  of  abeolate  alcohol 
in  lOO  pta.  of  spirit 
Quantity  of  KCl  in  100  pta. 
of  saturated  solution. 


0 

10 

20 

30 

24  6 

19-8 

14-7 

10-7 

40  50  60  80 

7*7  5-0  2-8  0-45 


100  pta.  of  wood-spirit  containing  40  per  cent,  methylie  alcohol  are  capable  of  diasolr- 
ing,  at  the  same  temperature,  9*2  pta.  of  potaa8iam*cbIoride. 

Chloride  of  potassium  U deooroposod  by  su/sAunc,  nitric  or  tartaric  acid,  with 
separation  of  hydrochloric  acid  und  formation  of  sulphate,  &c.  of  potassium.  According 
to  haumhauer(Jabre8b.  1859,  p.  128),  I at  chloride  of  potassium  in  aqueous  solution 
is  completely  conrerted  into  nitrate  by  2 at.  nitric  acid. 

Chloride  of  potassium  absorbs  the  vapour  of  sulphuric  anhydride^  forming  a hard 

translucent  mass  consisting  of  KCl.SO*  or  ^ (analogous  to  Williamson's 

chlorhydrosulphuric  acid  ^ | q),  which  is  instantly  decomposed  by  water.  With 

chrt>mic  anhydride  it  forms  a similar  compound  KG.CrO*,  which  is  also  decomposed  by 
water;  it  is  obtained  in  needles  when  a solution  of  acid  potassium-chromate  in  hydro* 
chloric  acid  is  alIowe<l  to  crystallise. 

Chloride  of  potassium  unites  with  most  other  metallic  chlorides,  forming  crystallis* 
able  double  salts ; these  are  described  with  the  chlorides  of  the  several  metala 
Chloride  of  potassium  and  magnesium  occurs,  as  already  observed,  in  the  suit  deposit  of 
Stassfurth  (see  also  PoTASSitiM-sALTs,  MAjctrFACTraK  of,  p.  717). — Kremersite,  a min- 
eral occurring  in  red  octahedrons  about  the  fumaroles  of  Vesuvius,  consists  of  cldoride 
of  potassium  mixed  or  combined  with  the  chlorides  of  sodium,  ammonium  and  iron. 

Hemickloride  or  Bubchloride  of  Petassium,  K*C1. — Produced  by  melting 
the  ordinary  chloride  with  potassium  in  a stream  of  hydrogen.  It  is  a dark  blue  com- 
pound, which  is  decomposca  by  water,  with  evolution  of  hydrogen  and  formation  of 
potassic  chloride  and  hydrate: 

K»C1  + H*0  - Ka  + KHO  + H 


(II.  Rose,  Fogg.  Ann.  cxx.  1).  A blue  compound,  probably  identical  with  the  above, 
U formed  when  potassium  is  heated  with  chloride  of  phenyl. 


VOTAMXiniC,  OTAirzoa  or.  See  CvAinDBS  (ii.  268). 


90TA88Xtr»C,  BBTSCTZOSr  AJTB  B8TX1CATXOV  OX*.  1.  Rsactions 
f n f As  (f  ry  teay.— ^Potassium-compounds  impart  a violet  colour  to  the  outer  blow- 
pipe flame.  Alcoholic  solutions  of  potassium-salts  bum  with  a viclet  flame.  The  colour 
)s  not  perceptible  to  the  naked  eye  in  presence  of  sodium  (or  lithium) ; but  if  a thick 

Slate  of  dark  blue  glass  be  interposed  between  the  eye  and  the  flame,  the  yellow  sodium 
ome  is  completely  cut  off,  and  the  potassium-flame  then  becomes  distinctly  visible,  of 
a rich  roddisli-violet  colour.  In  this  manner  a very  small  qnaotity  of  potassium  may 
be  detected  in  preseneo  of  a large  amount  of  sodiom.  In  the  spectroscope,  potassinm- 
salts  exhibit  a spectrum  very  much  like  the  ordinary  solar  spectrum,  but  characterised 
by  a bright  lino  near  the  red,  and  a fainter  line  near  the  violet  extremity. 

The  normal  sulphate,  carbonate,  phosphate,  arsenate  and  borate  of  potassium,  are 
not  decomposed  by  heat.  The  chloride,  bromide,  iodide  and  hydrate  volatilise  without 
decomposition  at  very  high  temperatures.  Host  other  potassium-salts  are  decomposed 
by  heat. 

2.  Rsactions  tfi  Solution. — All  potassium-salts  are  soluble  in  water,  and  most 
of  them  easily  soluble.  The  normal  potassium-salts  of  strong  acids,  e.g.  KCl,  KNO*, 
K*SO*,  C^K^O*,  &c.,  ore  neutral  to  test-paper,  and  the  corresponding  acid  salts,  e.g, 
KHSO\  CHKO*,  &C.,  bavo  an  acid  reaction;  bnt  in  the  case  of  the  weaker  adds,  the 
alkaline  reaction  of  the  potash  predominates  in  the  normal,  and  even  in  the  acid  salts ; 
thus  the  normal  and  acid  carbonates,  K*CO*  and  KCHO*,  have  an  alkaline  reaction ; so 
likewise  have  all  the  borates,  excepting  the  pentaborate,  which  is  neutral 

(i.  645). 

Solutions  of  potassium-salts,  if  not  too  dilute,  form  with  ^aiinic  chloride  a yellow 
crystalline  precipitate  of  chloroplatinute  of  potassium,  K’PtCP,  slightly  soluble  in 
water,  insoluble  m alcohol  and  in  acids.  If  very  little  potassium  be  present,  the  solu- 
tion must  bo  saturated  with  hydrochloric  acid,  platinic  chloride  ^ded,  the  wholo 
evaporated  to  dr3rnes8,  and  the  residue  treated  with  alcohol,  which  leaves  the  chloropla- 
tinate  undissolvi^ 

Concentrated  potassium-solutions  form  with  tartaric  acid  (or  better,  with  acid 
tartrate  of  sodiuni)  a white  crystalline  pn'cipitateof  acid  tartrate  of  potassium,  soluble 
in  about  180  pts.  of  cold  water,  readily  soluble  in  odds  or  in  alkaline  solutions,  insolublo 
in  alcohoL  lu  dilute  m^uoous  solutions,  tho  formation  of  the  precipitate  is  greatly 
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facilitat«d  by  addition  of  alcohol,  alao  by  agitating  the  solution  or  ecrutching  tho  aides 
of  tho  test-tube  «rith  a glass  rod. 

HydroJiMmiicic  acid  forms  in  solutions  of  potassium-salts,  a white,  gelatinous  pre- 
cipitate of  potassic  silicofluoridc. — PtrcMloric  acid  forms  a precipitate  of  perchlorate, 
insoluble  in  alcohoL  When  a concentrated  solution  of  aluninium^tidphaU  is  added 
to  a concentrated  solution  of  a potasaium-ealt,  octahedral  cryst^  of  alum  are  deposited 
on  eraporaling  the  solution. 

In  mixed  solutions,  potassium  must  be  looked  for  in  the  liquid  which  remains  alter 
the  removal  of  all  the  metals  which  are  precipitublo  by  sulpnydric  acid,  solpbidu  of 
ainmonium,  and  carbonate  of  ammonium,  and  of  magnesium  by  baryta-water.  It  may 
then  be  detected  by  its  reactions  with  pLatinic  cblondo  and  tartaric  acid;  also  by  eva- 
porating the  solution  to  dryness,  and  examining  tho  colour  and  spectrum  of  the  flamo 
as  aboTH  described. 

3.  E$timation  and  Separation. — Potassium,  when  it  occurs  iu  a compound  not 
containing  any  other  metal  or  any  fixed  acid,  may  be  estimated  directly  either  as 
sulphate  or  as  chloride.  All  potassium-salts  containing  volatile  adds  arc  decomposed 
by  nesting  them  with  sulphuric  acid,  tho  excess  of  which  may  afterwards  be  expc*Ued 
by  a stronger  heat,  and  the  quantity  of  potassium  or  potash  calculated  from  the  weight 
of  the  residual  neutral  sulphate.  It  is  difficult,  however,  to  expel  the  last  traces  of  free 
sulphuric  acid  by  mere  ignition  ; but  they  may  bo  completely  driven  off  by  dropping  a 
lump  of  carbonate  of  ammonia  into  the  crucible,  and  repeating  the  ignition  with  the 
cover  on ; the  sulphuric  acid  then  diffuses  into  the  atmosphere  of  ammonia  in  the 
crucible,  and  a perfectly  neutral  sulphate  remains,  containmg  41'62  per  cent,  potas- 
sium, or  54‘06  per  cent,  of  potassic  oxide,  K’O. 

In  Intimating  potassium  os  chloride,  the  only  precaution  to  be  observed,  is  to  ignite 
the  chloride  in  a covered  crucible,  as,  when  strongly  heated  in  contact  with  the  air,  a 
portion  of  it  volatilises.  The  chloride  cuntains  62*4  per  cent,  potassium,  equivalent  to 
6319  K*0. 

The  reparation  of  potassium  from  cU  metals,  excepting  the  other  alkali-metals,  is 
effected  by  tho  reagents  abovo  mentioned.  From  sodium  and  lithium  it  is  separa- 
ted by  ehuotide  of  ^atinum^  adding  alcohol  to  complete  the  precipitation  of  the  chloro- 
platinate  of  pot^sium.  The  precipitate  is  then  collected  on  a weighed  filter,  washed 
with  alcohol  and  dried  at  100^.  It  contains  10  04  per  cent,  potassium,  equivalent  to 
19-31  K*0. 

Precipitation  with  chloride  of  platinum  serves  also  to  separata  potassium  from  all 
other  metals  which  do  not  form  insoluble  chlorides,  and  from  all  non-metallic  elements. 

From  csesium  and  rubidium,  potassium  may  be  separated  by  the  greater  solubi- 
lity of  its  chloroplatinata  in  water  (L  1114),  or  according  to  Redtenbacber  (BulL 
Scic  Chim.  1865,  ii.  201),  by  the  difference  of  solubility  of  the  alums  of  the  three 
metals,  100  pts.  water  at  17^  dissolving  13*5  pts.  of  potaasium-alum,  but  only  2*27 
pts.  of  rubidium-alum  and  0*619  pts.  of  csesium-alum. 

The  amount  of  hydrate  or  of  carbonate  of  potassium  in  a solntion  not  containing  any 
other  alkali,  or  in  commercial  potashes,  may  be  estimated  by  alkalimetry  ^i.  117,  263\ 
and  the  same  method  may  be  applied  to  tho  commercial  valuation  of  organic  potassium- 
salts,  tartan  for  example,  after  they  have  been  converted  into  carbonate  by  ignition. 

For  the  estimation  of  potassium  in  silicates,  see  Silicates. 

4.  Atomic  Weight  of  Po/assfum.— The  method  of  determining  the  atomie 
weight  of  this  element,  in  connection  with  those  of  chlorine  and  silver,  has  been 
already  described  under  Cttlorimk  (i.  906).  The  experiments  of  Marignac  give  K * 
30'12 ; those  of  Stas  give  K «-  39*14. 

FOTASSZintf,  r&VOKZ2>B  or.  KF. — Produced  by  dissolving  potassium  or 
the  hydrate  or  carbonate  in  hydrofluoric  acid,  evaporating,  and  heating  strongly  to 
expel  the  excess  of  acid.  It  is  deliquescent,  very  soluble  in  water,  and  crystallises  from 
an  aqueous  solution  evaporated  under  40^,  in  colourless  cubes  often  lengthened  into 
prisms,  or  exhibiting  square,  pyramidally  excavated  &ces.  Specific  graiity  » 2*464 
(Hod eke r).  It  melts  below  a red  best,  has  a sharp,  saline  taste  and  olk^ine  reac- 
tion, and  is  decomposed  by  strung  sulphuric  acid,  even  at  ordinary  h^mperatures.  It 
is  insoluble  in  alcohol,  and  is  precipitated  thi  reby  from  tho  aqueous  solution  in  long, 
thread-like,  radiating  crystals  containing  KF.211H).  (H.  Rose,  Pogg.  Ann.  Iv.  664.) 

Fluoride  of  potassium  forms  definite  cr^stalliaablo  compounds  with  many  other 
fluorides.  The  fluoride  of  boron  and  ■potassium,  KBF*,  has  been  already  described 
(i.  634).  Silico’fluoride  of  potassium  be  described  under  Siliciux. 

Fluoride  of  Potassium  and  Hydrogen,  KHF*  or  KF.HF,  is  obtained  by  leaving  a 
solution  of  potassium-fluoride  containing  excess  of  hvdrufiuoric  acid  to  evaporate  in  a 
platinum-disn,  in  rectangular  four-sided  tables  with  truncated  lateral  ettges,  or  by 
Very  slow  evaporation  in  a deeper  vesacl,  in  cubes  (Borselius).  AcMiding  to 
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Marignac  (PbiL  Mag.  [4]  xv.  157),  it  forms  quadratic  tables.  W.  Gibbs  (BoIL 
8oc.  Cairn.  1865,  ii.  359)  n-eommf'nds  tbis  salt  as  acoDTonienC  reageut  for  decomposing 
refractory  silicates  and  other  minerals ; beryl,  eolumbite,  chromc^iron,  and  caasiterite, 
arc  easily  disintegrated  and  decomj>osed  by  fusion  with  ib 

Tbo  compounds  of  poUasiuro-fluonde  with  the  fluorides  of  other  metals  are  described 
under  the  sereral  metals. 

POTABSms,  HT1>RATB  OF.  KUO  or  KK).H^O.  Poiask.  Caustic  PoiasA. 
Potassa.  yeartable  Alkali.  Pjlanzmlau^cnsalz. — This  compound  may  be  produced  by 
dissolving  anhydrous  protoxide  of  potassium,  K*0,  or  the  peroxide,  K’O*,  in  water,  the 
excess  of  oxygen  being  given  off  in  the  latter  case.  This  indeed  appears  to  be  the  only 
means  of  obtaining  the  liydrate  absolutely  pure.  But  it  is  generally  prepared  fur  use  by 
decomposing  carbonate  of  potassium  in  dilute  solution  with  slaked  lime.  Jo  an  iron  res- 
sel  provided  with  a closely-fitting  cover,  1 pt.  of  carbonate  of  potassium  is  heated  with 
12  pta.  of  water  till  it  boils;  and  slaked  lime — prepared  by  mixing  2 pts.  of  quicklime 
with  9 pts.  of  warm  water,  and  keeping  it  in  a coverr-d  pan  till  it  is  reduced  to  a soft 
powder — is  then  added  by  degrees.  After  each  addition  of  lime,  the  mixture  is  boiled 
for  a few  minutes  in  order  that  the  carbonate  of  calcium  may  become  dense,  and  fall 
reailily  to  the  bottom.  When  all  the  lime  has  been  added,  the  whole  is  boiled  for  a 
quarter  of  an  hour,  with  the  cover  on,  and  left  fur  the  lime,  &c.  to  settle  down.  The 
caustic  solution — which  should  no  longer  effervesce  when  poured  into  hydrochloric  acid, 
or  give  any,  or  very  little  cloudiness  with  lime  water  (if  otherwise,  longer  boiling,  and 
peimps,  also,  an  addition  of  milk  of  lime,  is  requisite) — is  then  drawn  off  into  sU^pered 
bottles  by  a siphon  first  filled  with  water.  The  residue  is  once  or  twice  boiled  for  half 
an  hour  with  a small  quantity  of  water,  and  the  remaining  portion  of  potash  separated 
by  subsidence  and  decantation.  The  rest  of  the  lime  is  aeposited  in  the  stoppertd 
buttles.  The  decanted  solution  is  first  rapidly  concentrated  in  covered  iron  pots ; and 
if  it  becomes  turbid,  set  aside  in  stoppered  vessels,  and  then  decanted ; and  lastly, 
rapidly  boiled  down  in  a silver  basin,  till  the  oily  hydrate  which  remains  begins  to 
evaporate  as  a whole  in  white  clouds. 

To  ensure  the  complete  separation  of  the  carbonic  acid  from  the  potash,  it  is 
necessary  to  use  a considerable  quantity  of  water.  W’hen  only  4 pts.  of  water  are  used 
to  1 pt.  carbonate  of  potassium,  no  decomposition  takes  place;  and  a concentrated  solu- 
tion of  caustic  potash  withdraws  the  acid  from  carbonate  of  calcium  (Liebig).  The 
lime  may  also  be  mixed  with  the  solution  of  potas^ic  carbonate  at  ordinary  tempera- 
tures, and  the  liquid  set  aside  in  stopporod  vi^els;  but  then  the  decomposition  pro- 
ceeds more  slowly,  and  frequent  shaking  is  'required;  the  carbonate  of  calcium  is  also 
loss  dense  than  when  the  liquid  is  boiled,  and  consequently  the  decantation  is  more 
difiicult.  Moreover  carbonate  of  potassium  almost  always  contains  silica,  which  is  not 
precipitated  at  ordinary  temperatures,  but  completely  by  sufficient  boiling ; fur  it  then 
forms  an  insoluble  compound  with  the  excess  of  lime  and  the  potash.  Any  alumina 
that  may  be  present  is  separated  in  the  same  way.  As  the  alkaline  solution  absorbs 
carbonic  add  from  the  atmosphere  veir  greedily,  the  air  must  be  kept  from  it  as  much 
as  possible.  A portion  of  carMnic  acid  is  always  reabsorbed  during  evaporation,  unless 
this  process  is  performed  in  a silver  vessel  fitted  with  a head.  When  toe  caustic  solu- 
tion is  evaporated  down  to  an  oily  consistence,  the  greater  part  of  the  carbonate 
separates  in  solid  particles,  which  float  on  the  surface,  and  can  then  be  taken  off  by 
means  of  a spatula.  If  crude  potash  or  pearl-ash  is  used  instead  of  pure  carl>onate  of 
potassium,  the  hydrate  of  potassium  produced  contains  Uio  chloride  and  sulphate 
present  in  the  original  substance.  Uence,  to  obtain  pure  hydrate  of  potassium,  it  is  best 
to  use  the  pure  neutral  carbonate  obtained  by  igniting  cream  of  tartar,  or  the  cn-stal- 
Used  acid  carbonate,  and  decompose  it  with  lime  obtained  by  igniting  black  marble. 

According  to  Berthollet's  plan,  however,  tolerably  pure  hydrate  of  potassium — the 
Potanae  a Calcool — may  be  obtained  from  impure  carbonate.  The  caustic  solution, 
obtained  as  above,  is  evaporated  to  the  thickness  of  s^Tup,  shaken  in  close  vessels  with 
one-third  of  its  volume  of  alcohol,  and  the  mixture  left  to  settle.  Two  strata  are 
thereby  formed,  the  lower  of  which  is  an  aqueous  solution  of  chloride,  carbonate,  and 
sulphate  of  potassium,  toother  with  a portion  of  caustic  potash,  and  rests  on  a precipi- 
tate which  may  contain  lime,  oxide  of  iron,  and  sulphate  of  potassium,  while  the  upper 
stratum  is  a solution  of  caustic  potash  with  some  chloride  of  potassium  in  alcohol. 
This  is  poured  off,  and  freed  from  the  greater  part  of  the  spirit,  by  distillation  in  a 
silver  vessel  furnished  with  a still-head,  and  boiled  down  in  a silver  basin  till  the 
hydrate  begins  to  sublime.  The  resinous  matter  produced  by  the  decomposition  of  the 
alcohol,  and  found  floating  on  the  surface,  is  then  removed,  and  the  hydrate  is  poured 
out  on  plates.  It  is  free  from  sulphate  of  potassium,  but  contains  chloride,  and  traces 
of  carbonate  and  acetate. 

Pur©  hydrate  of  potassium  m.ny  also  be  prepared:  a.  By  decomposing  the  sulphate 
with  baryta-water,  added  in  just  sufficient  quantity,  or  better  in  slight  excess,  ns  on 
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eraporating  tho  decanted  solution,  the  small  excess  of  baryta  is  precipitated  by  tlie 
carlx>nic  acid  of  the  air.  (Schubert,  J.  pr.  Chcm.  xxri.  117.) 

$.  By  decomposing  pure  nitrate  of  potassium  urith  metallic  copper  at  a red-heat : 
1 pt.  of  saltpetre  and  2 or  3 pts.  of  thin  copper  plate  cut  into  small  pieces,  arc  arranged 
in  alternate  thin  layers  in  a covered  copper  crucible,  and  exposed  for  half  an  hour  to 
a moderate  red-heat.  The  cooled  mass  is  then  treated  with  water,  the  liquid  left  to 
stand  in  a tall  covered  cylindrical  vessel  till  the  oxide  of  copper  has  completely  settled 
down,  and  the  pure  solution  of  potash  is  then  decanted  with  a siphon.  With  the 
above  proportions  of  saltpetre  and  copper,  part  of  tho  latter  is  converted  only  into  sub* 
oxide.  It  may,  therefore,  be  used  for  a second  preparation  of  potash  by  mixing  I pt.  of 
it  with  1 pt.  of  saltpetre  and  1 pt.  of  metallic  copper.  Iron  may  also  bi-  used  to  decom- 
pose the  saltpetre ; but  the  potash  thereby  obtained  is  contaminated  with  small  quan- 
tities of  carl>onic  acid,  silica,  &c.  (W o b ler,  Ann.  Ch.  Fharm.  Ixxxvii.  373.) 

K.  Schulze  (/eitsebr.  Ch.  Pbarm.  1861,  p.  109)  heats  a mixture  of  1 pt.  pure 
nitrate  of  potassium  and  1 pt.  pure  ferric  oxide  (prepared  from  ferrous  oxalate)  to  low 
redness  in  a covered  copper  crucible  into  which  hydrogen  gas  is  passed  by  a tube 
reaching  nearly  to  the  bottom.  The  nitric  acid  is  easily  decompose^  and  at  the  end 
of  the  experiment  the  potash  is  found  mixed  with  the  ferric  oxide,  from  which  it 
may  be  dissolved  out  by  water. 

Hydrate  of  potassium  prepared  by  the  ordinary  method  from  tho  carbonate  may 
contain  the  following  impurities: — Carbonate  of  ca/cybm,  originating  from  imperfect 
decantation. — Oxide  of  tron,  when  the  caustic  solution  is  evaporated  in  an  iron  vessel 
to  such  an  extent  that  it  begins  to  act  upon  the  iron.  These,  tegether  with  other  in- 
soluble substances  accidentally  present,  remain  behind  when  the  potash  is  dissolved  in 
water. — Peroxide  of  ^iaesium.  Formed  in  small  quantity,  towartls  the  end  of  the 
evaporation,  when  conducted  in  the  air.  It  is  owing  to  the  presence  of  this  substance 
that  the  hydrate,  when  dissolved  in  water,  gives  off  oxygen  gas, — Carbonate  of 
The  solution  effervesces  with  acids. — Sulphate  of  Chloride  of  bi^ium,  with 

excess  of  dilute  hydrochloric  acid,  gives  a precipitate. — Chloride  of  poiasaium.  A pre- 
cipitate produced  even  when  the  liquid  is  very  dilute,  with  a solution  of  silver,  nitric 
acid  being  added  in  excess. — titrate  of  ‘poiaseium.  Gives  the  reactions  of  the  nitrates 
(p.  83). — A few  oxides  of  the  heavi/  metals.  The  solution,  supersaturated  with  acetic 
acid,  gives  a precipitate  with  sulphydric  acid  or  sulphide  of  ammonium. 

Properties. — Hydrate  of  potassium,  after  fusion,  is  a white,  hard,  brittle  substance, 
having  a specific  gravity  of  2*1  (Dal  ton),  and  often  a fibrous  texture.  It  melts  below 
redness,  forming  an  oily  liquid  clear  as  water,  and  volatilises  at  a full  red  heat  in  white 
pungent  vapours.  It  rapidly  absorbs  moisture  and  carbonic  acid  from  the  air;  dissolves 
m about  hidf  its  weight  of  water,  evolving  great  heat,  and  is  almost  equally  soluble  in 
alcohol.  It  has  a peculiar  nauseous  odour,  and  an  acrid  taste,  and  acts  as  u |)owerful 
cautery,  quickly  destroying  both  animal  and  vc^table  matters : beneo  its  solution 
cannot  be  filtered  except  through  glass  or  sand,  and  is  always  best  clarified  by  subsi- 
dcDce  and  decantation.  The  solution  should  be  kept  in  glass  bottles  free  from  lead,  as 
it  gradually  corrodes  lead-glass,  dissolving  out  the  oxide  of  lead.  It  also  attacks 
vessels  of  green  glass  or  pori'elain  when  Ideated  in  them. 

A hot  eoDceutrated  solution  of  caustic  potash  deposits  on  cooling,  transparent, 
colourless,  verj  acute  rbomlx>he<lruDs  of  a hvevate  containing  KH0.2H’0  or  K*0.6H*0. 

The  following  tables  give  approximately  the  proportion  of  potassic  oxide,  K*0, 
contained  in  100  pts.  by  weight  of  solutions  of  different  densitiea. 


Dalton 

(SysfcOT,  it 

293). 

Tiinncrmann  (N.  Tr.  xviiL  % 6 ; 

at  16°). 

Spedfle 

K*0  per 

Dofling 

Specific 

K*0  per 

Specific 

K«Oper 

grt.iij. 

Ca'lU. 

puiDt. 

grarlly. 

cent. 

grsTlty. 

cent. 

2-40 

39-9 

129-5° 

1-3300 

28-290 

1-1437 

14-145 

1*3131 

27168 

1-1308 

13-013 

2-20 

36-8 

123-9 

1-2966 

26027 

1-1182 

11-882 

1-42 

34*4 

118-3 

1-2805 

24-895 

1-1059 

10-750 

1-39 

32-4 

115  6 

1-2648 

23  764 

1-0938 

9-619 

1*36 

29-4 

112-2 

1-2493 

22*032 

1-0819 

8-487 

1-33 

26-3 

109-4 

1-2342 

21-500 

1-0703 

7-355 

1-28 

23  4 

106-6 

1-2268 

20  935 

1-0589 

6 224 

1-23 

19’5 

104*4 

1-2122 

19-803 

1 0478 

6-002 

119 

16-2 

103-3 

1-1979 

18-671 

1 0369 

3-961 

115 

13  0 

101-7 

1-1839 

17-540 

1*0260 

2-829 

11 

9-5 

101-1 

1-1702 

16-408 

1-0153 

1-697 

1*0 

4-7 

100*5 

1-1568 

15-277 

1-0050 

0-5658 
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The  Liquor  Potassa  of  the  pbarmacopaeUi  coutaina  nearly  6 por  cent,  of  Uie  aolid 
hydrate,  aHO,  and  has  a density  of  1*058.  The  strong  solution,  of  specific  gravity 
about  1*25,  us^  for  absorbing  carbonic  acid  in  organic  analysis,  may  be  prepared  by 
dissolving  1 pt  of  the  hydrate  in  3 pts.  of  water. 

Hfoctions, — Hydrate  of  potassium,  when  heated  alone,  does  not  decompose  at  any 
temperature,  but  when  heated  with  silicic,  boric,  pboephoric,  tungstic,  turtaric,  stannic, 
or  any  non-volatile  acid  oxide,  it  gives  off  water  and  is  converted  into  a potassium* 
salt  of  the  acid.  Heated  with  potassium,  it  gives  off  hydrogen  and  is  converted  into 
the  anhydrous  oxide:  KHO  K oi  K*0  + H.  When  moderately  heated  with 
sodium  under  a liquid  not  containing  oxygen,  it  yields  an  alloy  of  potassium  and 
sodium  (p.  696).  In  contact  with  iron  at  a white  heat,  it  is  completely  decomposed, 
giving  off  hydrogen  and  potassium  and  forming  oxide  of  iron. 

Potash  possesses  inanemincutd<>greethe  characteristic  properties  of  an  alkali  (L  117\ 
viz.,  solubility  in  water;  the  power  of  neutralising  acids  and  decomposing  metallic 
salts ; a caustic  or  corrosive  action  ou  organic  substances ; and  a peculiar  action  on 
Testable  colours,  turning  reddened  litmus  blue,  turmeric  brown,  and  syrup  of  vii^eis 
or  infusion  of  rod  cabbage,  green.  Aqueous  potash  decomposes  most  metallic  salts, 
precipitating  from  their  solutions  all  those  metals  which  form  insoluble  oxides  or 
hydrates.  The  precipitates  formed  by  it  in  solutions  of  aluminium,  glueinum,  chro- 
mium, zinc  and  lead,  are  soluble  in  excess  of  the  alkali ; the  rest  are  insoluble.  [For 
the  special  reactions,  see  the  several  metals.] 

At  high  temperatures,  it  acts  with  great  energy  on  nearly  all  substances,  taking 
up  any  acid  that  may  exist  ready  formed  in  the  substance,  and  giving  rise,  by  oxidation, 
or  by  a splitting  up  of  the  original  compound,  to  the  formation  of  acids  which  did  not 
previously  exisL  Thus  it  doouroposes  many  silicates,  forming  silicate  of  potassium  and 
separating  the  bases : hence  it  destroys  glaM  or  porcelain  vessels  in  which  it  is  fused. 
Hany  metals  are  oxidised  by  fusion  with  it,  and  oxides  are  raised  to  a higher  state  of 
oxidation;  in  this  manner  antimony  and  arsenic,  and  even  iron  and  platinum  (p.  665), 
ore  converted  into  acid  oxides  which  unite  with  the  potash ; and  chromic  oxide,  the 
oxides  of  manganese,  &c.,  are  converted  into  chromate  and  manganate,  of 
potassium. 

Organic  compounds  (carbon-compounds)  either  unite  directly  with  potash  or  are 
decomposed  by  it,  in  some  cases  by  contact  with  its  aqueous  or  alcobouc  solution  at 
ordinary  or  at  higher  temporntures,  in  others  by  fusion  with  the  hydrate.  The  modtw 
of  action  of  potash  (and  of  fixed  alkalis  in  general)  on  organic  compounds  may  be 
classified  us  follows : — 1.  Direct  combination. — 2.  Double  decomposition. — 3.  Oxida- 
tion with  elimination  of  hydrogen. — 4.  Conrersion  of  the  organic  compound  into  an 
isomer. 

1.  The  instances  of  direct  comhination  of  potash  with  organic  bodies  are  but  few.  Car- 
bonic oxide  and  carbonic  anhydride  are  absorb^  by  it,  producing  in  the  first 
case,  formate  of  potassium,  CHKO*,  and  in  the  second,  the  acia  carbonate,  CHKO*. 
I satin  dissolves  in  aqueous  potash,  forming  isatato  of  potossinm,  C'H*NO*  * KHO 
■i  C*H*KNO*;  similarly  with  chlor-  and  brom-isatin.  Benzil,  C'*H**0*  and  cou- 
marin,  C^H*0*,  are  converted  by  boiling  with  aqueous  potash  into  benzilate  and 
coumarateof  potassium,  C'*H'’KO*  and  C^H’KO*  respectively;  and  camphor, 
strongly  heated  with  potash-lime  in  a scaled  tube,  is  converted  into  camphoUte  of 
potaasium,  C^H'*K0*.  The  acids  corresponding  to  these  potassium-salts  consist  of 
the  original  compound  + HK). 

2.  Double  Decompoaition. — Organic  acids  (and  indeed  all  acids)  are  converted  by 
aqueous  potash  into  potassium-saJts  with  elimination  of  water:  e.^.,  CH^O*  + KHO 
» C*H*KO*  + HK).  Some  alcohoU  (as  phenol^  yield  similar  compound^  with  aqueous 
potash  ; solid  potash  acts  also  on  other  alcohols  and  on  aldehydes,  but  in  a different 
manner. 

Some  acids  when  fused  with  potash  at  about  200^  are  resolved  into  two  otheis, 
thus: 

C«H*0*  + 2KHO  - C»H>KO*  + C*HKO*  + 2HK). 

Tartsric  AceUU.  Acid 

acid.  oaslaio. 


+ 3KHO 

Muck 

acid. 


2C»H*KO*  + C»HKO«  + 3H»0. 

Aceute.  Add 

oxalate. 


Compound  ethers  are  converted  by  alcoholic  potash  into  alcohols  and  potaminm- 
salts  of  the  corresponding  acids,  and  glycerides  boiled  with  aqueous  potash  are 
resolved  into  glycerin  and  potassium-salts  of  the  fat  acids,  or  soaps. 

Chlorides,  bromides,  and  iodides  of  alcoholic  and  acid  radicles  are  converted 
by  potash  into  chloride,  bromide  and  iodide  of  potassium  on  the  one  and  aloubols 
or  potaseium-sjdts  of  the  acids  on  the  other : e.g. : 
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Cm*Cl  + KHO 

Chlorld*  of 
rthjl. 

C'H*oa  + 2KHO 

Chloride  of 
bensoyl. 


KCl  + (C*H*)HO 

Bihjrlic 

alcohol. 

KCI  + C»H*KO>  + H*0. 

Benioate  of 
potauium. 


Tho  chlondes  and  bromidfs  of  diatomic  alcohol-radicles  (ethylene,  amylene,  &c.) 
are  resolved  under  tho  influence  of  alcoholic  potash  into  hydrochloric  acid  and  alde- 
hydic  chlorides ; t.g. : 

C’H'a*  - HCl  + C»H*C1. 


A m i d e s ( nitrides  of  acid-radicles)  are  for  the  most  part  attacked  by  boiling  potash, 
giving  oflT ammonia  and  yielding  potassium-salts  of  the  corresponding  acids ; e.g.  : 

(m'O.H’.N  + KHO  - H»N  + C’H*KO«. 

Beoiamide.  Bensoatc  of 

potMMium. 


Alcoholic  cyanides  boiled  with  potash  give  off  ammonia  and  are  converted  into 
potassium-salts  of  fatty  acids ; e.^. : 

C»H».CN  + KHO  + H»0  = NH»  + C*H»KO*. 


3.  Oxidation  with  eimlution  of  hydrogen, 
alcoholsand  aldehydes;  thus: 

CTI^O  + KHO 

Bcfiioic 

hydride. 

C«H’*0  -h  KHO  » 

Cuminol. 

C»H>*0  + KHO  « 

Amyllc 

alcohol. 


This  reaction  takes  place  especially  with 


Cm*KO*  + IP. 

Bctifoete  of 
poca»ilum. 

C'»H"KO*  -I-  H*. 
Cuminaie  of 
pocuaium. 

OH»KO*  + 2H* 

Valerate  of 
potaaalum. 


Common  alcohol  and  aldehyde  are  in  like  manner  converted  into  acetic  acid  when 
dropped  upon  potash-lime. 

When  toe  salts  produced  in  these  reactions  are  heated  to  a temperature  higlier  than 
that  at  which  they  aro  formed,  secondary  products  are  obtained ; thus  acetate  of  potas> 
sium  may  be  resolved  into  corbouato  and  marsh-gas:  C*H*KO*  + KHO  CK*0*  CH* ; 
formate  of  potassium  into  oxalate  and  hydrogen:  2CHKO*  C’KK)*  + H*;  tho 
oxalate  into  carbonate  and  hydrogen  : C*K*0*  + 2KHO  — 2CK*0*  + H*  &c. 

Compound  ethers  also  yield  oxidised  products  when  they  are  fused  with  potash-lime 
instead  of  being  treated  with  alcoholic  potash  (Dumas  and  Stas,  Ann.  Ch.  Phya. 
Ixxiii.  151).  They  then  give  off  hydrogen  and  yield  two  kinds  of  products,  tho  first 
derived  from  the  acid,  tho  second  from  the  alcohol,  as  if  the  alkali  had  oxidised  the 
acid  and  alcohol  separately.  In  this  manner,  ethylic  oxalate  yields  acetic  acid  derived 
from  the  alcohol,  and  car^nic  acid  from  the  oxalic  acid. 

Like  most  oxidising  agents,  potash  often  splits  up  organic  bodies,  especially  at  rerjr 
high  temperatures,  t^ng  from  them  the  carbon  and  oxygen  necessary  to  convert  it 
into  carbonate.  Highly  oxidised  bodies,  such  as  fixed  acids,  and  fixed  neutral  sub- 
stances (sugar,  gum,  starch,  woody  fibre,  &c.)  are  easily  attacked  by  fused  potash, 
often  yielding  carbonate  and  oxalate  of  potassium,  and  giving  off  hydr^en  gas.  Some 
acids  are  rt^solved  by  this  mode  of  oxidation  into  two  other  acids : thus  succinic  acid 
yields  oxalic  and  acetic  acids : 


+ 2KHO 

Sticcinie 

scld. 


CTTKO*  -I-  C’HKO*  + 3H» 

AceUtc.  Acid 

oxaUis. 


The  adds  of  the  acrylic  or  oleic  series  fused  with  potash  yield  acetic  add  and 
another  fatty  acid ; e.g. : 

a*n**0*  + 2KHO  - CTlTtO*  + C'*H«KO*  + H*, 

Okie  acid.  AecUte.  Palnluta. 

Asotised  bodies  (indigo,  eaffeine,  quinine,  dfc.)  subjected  to  this  mode  of  oxida- 
tion with  alkaline  hvdratea  give  off  ammonia  or  other  volatile  alkalis;  such  as  methyla- 
mine,  aniline,  chinoline,  &c.  All  nitrogenous  organic  bodies  heat^  to  low  redness 
with  hydrate  of  potassium,  yield  cyanide  of  potasaium ; but  when  heated  to  fall  redness 
with  potash-lime  (or  soda-lime)  they  all,  excepting  nitro-compounds,  give  off  the 
whole  of  their  nitrogen  in  the  form  of  ammonia.  (S^  Analysis,  Oboanic,  L 244.) 

Organic  bodies  containing  sulphur,  yield  by  fusion  with  potash,  either  sulphide, 
eulphito  or  sulphate  of  potassium. 
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4.  A few  organic  bodies  andei^  isomnic  or  pofj/meric  iranfi/ormatumt  hy  contact 
with  cauhtic  potash;  thus  furfurumido  is  convertc<i  into  furfurine;  bydrobenzamido 
into  amarine;  bitter  almund  oil,  C'11*0,  into  benzoin, 

3POTAS8rUK(  BT3>RZ1>B  07 1 Potassium  heated  not  quite  to  redness  in 
pure  hydrogen  gas,  absorbs  about  one-fourth  os  much  of  the  gas  as  it  would  have  evolved 
by  contact  with  water,  and  is  converted  into  a grey  powder.  ?HK‘,  without  metallic 
lustr<‘  and  infusible  below  a red  heat  (Gay-Lussac  and  Tli6nard).  See  G^elins 
HanJljook,  iii,  17. 

VOTABSrOlttt  Z09U>B  07.  KI. — Potassium  unites  with  solid  iodine  (under 
slight  pressure,  even  at  ordinal^  temperatures)  and  takes  fire  spontaneously  in  its 
vapour,  burning  with  a violet  flame.  The  iodide  may  bo  prepared  by  neutralising 
hydriodic  acid  with  potash  or  potassic  carbonate ; by  the  action  of  iodine  on  aqu^)us 
potash  or  sulphide  of  potassium ; or  by  decomposing  other  metallic  iodides,  those  of 
zinc  and  iron  for  example,  with  carbonate  of  potassium. 

a.  When  iodine  is  added  to  a solution  of  caustic  potash  till  the  liquid  begins  to 
assume  a brown  tint,  iodide  ,and  iodote  of  potassium  are  formed,  according  to  the 
equation : 

3P  + 6KH0  « 6KI  + KIO>  + 3H*0. 

On  evaporating  the  solution  and  gently  igniting  the  residue,  the  iodate  is  decomposed 
into  iodide  and  oxygen,  and  the  remaining  iodide  fuses.  Can*  must  be  taken  not  to 
allow  the  temperature  to  rise  too  high,  as  the  iodide  volatilises  at  a red  heat. 

$,  A solution  of  ferrous  iodide  is  prepared  by  digesting  2 pts.  of  iodine  and  1 pt.  of 
iron  in  a stoppered  vessel  with  10  pts.  of  water  (iii.  390) ; the  solution  is  decanted  after 
a while  from  the  excess  of  iron  ; and  a quantity  of  iodine  is  added  equal  to  a third  of 
that  which  it  already  contains.  The  solution  is  then  boiled  and  carbonate  of  potaasiom 
is  added  by  small  quantities  as  long  as  effervescence  ensues  and  a precipitate  is  formed. 
The  solution  filtered  from  this  precipitate,  which  consi.sts  of  ferroeo-ferric  oxide  and  ia 
very  dense,  yields  on  evaporation,  ciy'stals  of  iodide  of  potassium.  The  precipitate 
however  is  found  to  retain  a portion  of  the  potassium-iodide  with  great  obrtinacy,  so 
that  it  cannot  easily  be  removed  by  washing.  To  obviate  this  inconvenience  D i eta 
(N.  Jahrb.  Phann.  xviiL  205)  ignites  the  iron  precipitate  previously  to  washing. 

y.  Liebig  (Ann.  Ch.  Pharm.  exxi.  222)  recommends,  as  the  best  mode  of  obtaining 
pure  iodide  of  potassium,  the  decomposition  of  iodide  of  calcium  by  sulphate  of 
potassium.  To  prepare  the  calcium-iodide,  an  ounce  of  amorphous  phosphorus  is 
drenched  with  30  oz.  of  hot  water,  and  fine  pulverised  iodine  is  gradually  added,  with 
constant  stirring,  as  long  as  it  dissolves  without  colour  (the  quantity  thus  dissolved 
being  13^  oz.).  The  colourless  liquid  is  then  decanted  from  the  slight  deposit ; the 
latter  is  washed;  the  united  clear  liquids  are  mixed  to  alkaline  reaction,  with  milk  of 
lime  prepared  from  8 oz.  of  lime;  the  solution  is  strained  off*;  and  the  residue,  con- 
sisting of  phosphate,  phosphite,  and  excess  of  hydrate  of  calcium,  is  wasbo<i  The  solu- 
tion of  calcium-iodide  thus  obtained  is  mixed  with  a hot  solution  of  9 oz.  crystalUs<-d 
potassium-sulphate  in  about  48  oz.  water;  the  liquid,  after  standing  for  six  hours,  ia 
strained  from  the  separated  sulphate  of  calcium ; the  residue  is  washed  and  pressed ; 
the  liquid  evaporated  down  to  a litre  and  mixed  with  carbonate  of  potassium  to  pre- 
cipitate the  remaining  portion  of  calcium;  and  the  solution,  after  the  gelatinous 
precipitate  has  become  dense,  is  hltered,  washed,  and  evaporated  to  the  crystallising 
point.  This  process  ^nelds  13^  oz.  of  crystallised  potassium-iodide,  and  by  evaporation 
of  the  mother-liquor,  3^  oz.  of  perfectly  pure  pulverulent  iodide.  Acccording  to 
W.  Squi  re  (Juhresb.  1862,  p.  71),  iodide  of  potassium  thus  prepared  often  has  a reddish 
colour  [from  presence  of  pnoephorus?]  and  is  difficult  to  crystallise;  but  may  be 
rendered  colourless  and  easily  crystallisable  by  previous  fusion.  [For  other  modes  of 
preparation,  see  GmrJtns  Handbook,  iii.  45.] 

Iodide  of  potassium,  when  pure,  dissolves  in  six  times  its  weight  of  alcohol  (specific 
gravity  0*83),  and  does  not  effem^sce  or  turn  brown  on  addition  of  hydrochloric  acid  ; 
eflfervoscence  would  indicate  the  presence  of  carbonate,  and  the  production  of  a brown 
colour,  that  of  iodate  of  |K)tassium,  tbo  brown  colour  arising  from  separation  of  iodine 
by  the  mutual  action  of  iodic  and  bydriodic  acids  (iiL  300). 

Iodide  of  potassium  eiystallises  in  cubes,  sometimes  elongated ; rarely  in  octahedrons. 
The  crystals  are  sometimes  transparent,  sometimes  semi-opaque.  Spt>oific  gravity  » 
2-9084  (Karsten):  3*001  (Boullay);  2850  (Sebiff);  3079  (Sch  roder).  It  is 
not  deliquescent,  has  a sharp  taste,  and  turns  reddened  litmus-paper  slightly  blue.  It 
melts  below  a heat,  and  when  exposed  to  the  air,  volatilises  undecomposed  at  a 
moderate  red  heat. 

Iodide  of  potassium  is  very  soluble  in  water,  and  in  dissolving  produces  a consider- 
able fall  of  temperature,  sometimes  amounting  to  24®.  It  dissolves  in  0*735  pt.  water 
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ftt  12*6®  and  in  0709  pt  at  16®  (Baup);  in  0 7 pt  at  18®  and  in  about  0*46  pt.  at 
120®  (Gay-Lusaa  c).  A aaturat^  solution  boils  at  120®  (Baup).  The  foUo«ring 
table  exhibits  the  expansion  by  heat  of  aqueous  solutions  of  potassium-iodide  of  rarious 
degrees  of  concentration,  as  determined  by  Kremers  (Pogg.  Ann.  cTui.  115 ; Jahresb. 
1859,  p.  49): 

Volumes  of  Jgueous  Iodide  of  Potassium  at  different  temperatures  (vol.  at  19  5®  » 1). 


QiuDtity  of  •«!(  in  100  pti. 
water. 

383 

Ml 

93-6 

135*6 

Specific  fntUjet  19*5^. 

M856 

1*3445 

1 5144 

1*68)3 

0® 

0-99422 

0-99231 

0-99127 

? 

19  5 

1 00000 

100000 

1 ooooo 

1-00000 

40 

1 00843 

1*00959 

1 01016 

101022 

60 

P01856 

1 02017 

1*02090 

1 02085 

80 

1 03039 

103195 

1-03247 

1 03022 

100 

1 04 388 

1 04500 

1-04487 

1-04376 

Iodide  of  potassium  dissolves  at  12'5®  in  6 5 pts.  alcohol  of  speciflc  gravity  0*85, 
and  at  I3'5®  in  39 — 40  pts.  of  absolute  alcohol;  hot  alcohol  dissolves  a much  larger 
amount,  and  deposits  it  lu  neetlles  on  cooling. 

Chloriw,  with  the  aid  of  heat,  decomposes  iodide  of  potassium  into  chloride  of 
poNissium  and  iodine.  From  a solution  in  2 pts.  of  water,  chlorine  gas  throws  down 
iodine  at  first ; but  this  disappears  again  when  more  chlorine  is  addeii,  a compound  of 
trichloride  of  iodine  with  chloride  of  potassium  being  formed,  which  colours  the  liquid 
yellow,  and  yields  an  abundant  crt)p  of  crjstals.  (Filhul.) 

The  brownish-yellow  colour  produced  by  chlorine  is  visible  in  a diluted  solution  to 
the  extent  of  1 pt.  of  iodide  of  {x>tu]isium  in  3000  pts.  of  water  ; the  same  reaction  is 
produced  by  sulphuric  and  nitric  acid,  in  a solution  of  1 pt  in  6000  pts.  of  water. 
(See  loDiDKs,  hi.  287.) 

Iodide  of  potassium  evaporateil  with  nitric  acid,  is  entirely  converted  into  nitrate 
(Serullas).  When  it  is  healed  with  nitrate  of  ammonium,  iodine  is  abundantly 
evolved,  with  production  of  a brown  colour.  It  is  easily  decomposed  by  nitrous  ot'id, 
which  sets  the  ioilino  free.  On  tulding  nitrite  of  |x>ta8sium  to  a solution  of  the 
ixiide  acidulated  with  hydrooblorie  acid  and  mixed  with  starch-paste,  a dark-blue 
colour  is  produced,  instantly  in  strong  solutions,  after  a few  seconds  in  very  dilute 
solutions  (D.  S.  Price,  Chem.  Soc.  Qu.  J.  iv.  155).— By  fusion  with  chlorate  of  pt>tas^ 
siitm,  the  io<lide  is  <x>nverted  into  io^late  ; heated  with  nitrate  of  potassium  or  nitrate 
of  birium,  it  yields  a small  quantity  of  iodate  of  potassium  or  barium,  tt^ether  with 

Feroxide  of  barium  in  somewhat  larger  quantity  (O.  Henry,  J.  Pharm.  xviii.  345). 

n the  vapour  of  sulphuric  anhi/dride^  it  turns  re<ldi8h-brown,  and  produces  sulphate 
of  potassium,  sulphurous  anhydride  and  iodine  (H.  Hose,  Pogg.  xxxviii.  121) ; 

2KI  + 2.SO*  » K*SO*  -t-  SO*  + I*. 

When  distilled  with  dilute  sulphuric  acid,  it  yields,  first  hydriodic  scid,  then,  on 
further  concentration,  iodine  which  dissolves  in  the  hydric»dic  H4Md,  and  sulphurous 
anhydride  w'hich  passes  over  with  the  water  and  iodine,  and  is  converted  into  sulphu- 
ric acid.  Hcat»*d  witli  peroxide  o'  manffanese  and  sulphuric  acid,  it  gives  iodine  only, 
no  MuiphuruuH  acid.  A mixture  of  equal  part-*  of  iodide  of  potassium,  common  salt, 
nitre,  and  sulphuric  acid,  yields  chloride  of  iodine  as  the  priiici|>ai  product  (Snubei- 
rnn).  Sttam  pn.Hsed  over  iodide  of  potiissium  heate-d  to  re<ln*  s-\  caus**s  the  evolution 
of  a large  quantity  of  hydrioilic  acid  gas  ; the  nsidue  is  alkaline  (Schindler,  Mag. 
Pharm.  xxxi.  33).  A mixture  of  iodide  of  potassium  and  sal-ammoniac  yields,  when 
he.itetl,  free  iodine,  and  iodide  of  ammonium,  whilst  irwiide  and  chloride  of  potassium 
remain  behind.  The  mixture  remains  unaltered  in  dry  air,  but  in  moist  air,  slowly 
absorbs  water  and  l»ocon)es  brown  through  the  decomposition  of  the  iodide  ofammonium. 

A concentmted  solution  o(  ferrieyavide  of  ^lotassium  s^^pumtes  iodine  from  iodide  of 
potasaium;  a dilute  solution  does  not ; and  the  iodine  eeparate<l  in  the  former  case  is  taken 
upngain  on  diluting  the  liquid,  the  reaction  r»*pre».eDted  by  the  equation  2K*Fc"’Cy*  •+• 
2K1  — 2K*Fe"Cy“  + I*,  taking  place  one  way  or  the  other  acconling  to  the  strength 
of  the  solutions.  (C.  Moh  r,  Ann.  t‘h.  Pharm.  cv.  57 ; Jahresb.  1858,  p.  99.) 

Iodide  of  potassium  is  much  ush]  in  medicine;  it  is  not  poisonous  even  in  doses  of 
si'veral  drachms.  Its  solution  is  also  employed  as  a vehicle  fur  iodine  itself,  20  grs. 
of  iodine  and  30  grs.  of  the  iodide  being  usually  dissolved  together  in  an  ounce  of 
water.  The  solution  t!ms  obtaiue»i,  which  has  a dark-brnwn  colour,  is  sometimes 
Vol.  IV.  Z Z 
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Buppo«ed  to  contaio  a di*iodide  of  potamniim ; but  aa  the  excess  of  iodine  is  easilj 
removed  from  it  by  sulphide  of  carbon,  this  view  is  not  very  probable. 

Iodide  of  potassium  unites  with  many  other  metallic  iodides,  forming  double  salts  ; 
these  are  descril>ed  un<ler  the  respective  metals.  A compound  of  iodide  and  ferriej'a- 
nide  of  potassium,  KI.R^Fe^Cy*,  is  ol>tnined  as  u golden-yellow  crystalline  powdt-r  by 
the  action  of  iodine  on  a warm  solution  of  the  ferroc^*auide.  (Preuss,  Ann.  Ch. 
Pharm.  xxix.  323.) 

VOTASBZUBf,  WlTKZPll  OT,  Tripotassamide,  K*N  (p.  695). 

VOTASBZTTK,  OXZl>BB  07.  Pota-Hsium  forms  three  oxides,  a protoxide 
K*0,  a dioxide  K*0’,  and  a letroxide  KH)‘.  A grey  subozide  is  said  also  to  l>e 
formed  during  the  gradual  oxidation  of  tlie  metal  in  dry  air,  but  it  is  probably  only  a 
mixture  of  the  protoxide  with  potaasium. 

Protoxide  of  Pottmgittm  or  Anhf/droug  Potash^  K*0,  is  formed  : 1.  When  potHS- 
aium  in  thin  sli(H*8  is  expostnl  at  ordinary  temjH*nitures  to  air  free  from  raoistun*  and 
carbonic  anhydride. — 2.  Hy  heating  potas.Hium  with  rariou-s  metallic  oxides,  also  with 
carl>onic,  l>oric,  silicic,  sulplturic  anhydride,  &c. — 3.  By  heating  1 at.  potaasium  with  1 at. 
of  the  hydrate  : — 

2KH0  + K*  - 2K-0  + IP. 

Protoxide  of  {>otasA)um  is  white,  very  deliquescent  and  caustic ; combines  energetically 
with  water,  becoming  incandescent  when  moistened  with  it ; melts  at  a red  heat  and 
Tolatilis.>8  at  very  high  tompenitnn*s. 

Trtroxide  or  Peroxide  of  Potaeeium,  K’O*. — This  oxide  is  obtained,  mixed 
however  with  variable  quantities  of  the  pmloxide,  when  j»ota»siuni  is  burnt  in  dry  air 
or  oxygon  gas.  Ony-Lussuc  and  Th^nanl,  who  examined  tlie  peroxide  thus  fonm>d,  as- 
signed to  it  tlio  comjK>sition  K*0*,  but  their  determinations  did  not  agree  well  with 
one  another.  To  obtain  a definite  product,  it  is  necoKsary  to  exp«»e  perfectly  pure  and 
clean  potassium  to  a moilerate  heat,  first  in  a current  of  dry  air,  then  in  tfiy  oxvgi*n 
gu.s  ; if  the  metal  is  at  once  exjaised  to  the  action  of  pure  oxygen,  great  heat  is  evo]v<*d, 
and  the  peroxide  melts  and  attacks  the  glass  ve.isel. 

Tetroxide  of  potaasium  is  a chrome-yellow  jx)w<ler  which  cakes  togetherat  al)Out  280^. 
It  absorbs  moisture  rapidly  from  the  air,  and  is  deeompose<l  by  V'atrr,  giving  off 
2 at.  oxygen,  and  forming  a solution  of  dioxide  of  potassium,  K*0*.  When  heat<*d  in 
a silver  Imat  in  an  atmosphen*  of  nitn^en,  it  is  reduced  to  protoxide,  oxide  of  silver 
being  also  formed  and  2 at.  oxygen  given  off  ns  gas : — 

K’O*  + Ag*  = K*0  + Ag»0  0*. 

When  heated  with  sulphur^  it  deflagrates  violently;  but  when  sulphur-vapour  is 
passed  over  the  tetroxide  gently  heated  in  an  atmosphere  of  nitrogen,  a portion  of  it 
(in  one  experiment  nearly  the  whole)  is  converted  info  sulphnte  of  potassium  KO*S; 
generally  however  the  excess  of  sulphur  exerts  a reducing  action,  forming  eulphuroiia 
anhydride  and  sulphide  of  potassium.  The  tetroxide  gently  hcattni  in  u stream  of  cirr- 
AonicoxiV/c,  yields  carlvonate  of  polas.sium  and  2 at.  oxygen,  k'-O*  + CO  «■  CK  O*  + O*. 
With  carUmic  anhydride,  a similar  action  takes  place,  witli  evolution  of  3 at.  oxygen. 
With  nitric  oxide,  it  forma  nitrate  and  nitrite  of  potassium,  together  with  nitric  peroxide: 
K*0*  -f  3N0  - KXO*  + KN*0»  + NO* 

Nitrous  oxide  does  not  act  upon  it  (-\.  Vernon  llarcourt,  Chem.  Soc.  Qn.  J, 
xiv.  267.) 

Dioxide  of  Potassium,  K*0-,  is  form^^d  at  a certain  stage  in  the  preparation  of  the 
tetroxide,  but  has  not  b*>en  obtained  in  perfectly  definite  fonn.  Bycarcfully  regulating 
the  heat  and  the  supply  of  air,  ne.irly  the  whole  of  the  potassium  may  bie  converted 
into  a white  oxide  exhibiting  nearly  the  ct>mjH>silion  of  the  dioxide;  but  bt'fore  the 
metal  has  quite  disappeared,  some  jxirtions  of  it  are  always  converted  into  the  yellow 
tetroxide.  An  aqueous  solution  of  the  dioxide  is  form»  d,  us  already  observed,  by  the 
action  of  water  on  the  tetroxide.  (llarcourt.) 

POTABBZUMt  PBOSPBZSZS  OP« — Potassium  and  phosphonis  unite  when 
heated  together  in  nitrogen  gas,  the  combination  being  attended  with  evolution  of  light 
and  heat.  Under  naphtha  the  action  takes  place  without  combustion,  merely  causing 
the  liquid  to  boiL  To  obbiin  the  pure  phosphide,  jiotassium  must  l>e  heated  with 
excess  of  pho.sphonis  in  a stream  of  hydrogen  till  flame  is  pnxiucKi.  and  further  till  the 
mass  of  phosphonis  is  volMtilisevl  (H.  Hose,  i’ogg.  Ann.  xii.  547).  It  is  a copper- 
red,  crystalline  substance  Ixaviug  a metallic  lustre.  It  bums  rapidly  when  heat^  in 
the  air,  forming  phosphate  of  piitassium,  and  is  decompostsl  by  watt»r,  yielding  hypo- 
T»hosphiteof  {potassium,  phosphor«ft<\l  hydrogen  gas,  and  solid  phospliido  of  hydre^en. 
(H.  itose..) 
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FOT&SSIUM*  BKImMU n>Bg  OF. — Compounds  of  fiolenium  and  potassium  in 
vanous  proportions  are  obtained:  1.  By  direct  combination.  2.  By  igniting  selenite 
or  selenafe  of  potissium  with  hydrogen  or  charcoal.  3.  By  fusing  s<’lenium  with 
hydrate  or  carbonate  of  potassium, selenite  of  potassium  being formetl at  the  samelime. 
The  pn^ucts  thus  formed  are  grey  or  brown  masses  which  dissolve  in  water,  forming 
a solution  from  which  acids  eliminate  gaseous  selcnide  of  hydrogen,  and  precipitate 
selenium  if  that  element  is  in  excess.  A solution  of  sclenide  of  potassium  may  al.so  be 
formed  by  boiling  selenium  for  a long  time  in  aqueous  potash.  All  the  solutions  of 
potassium-selenide  have  a hepatic  taste,  and  on  exposure  to  the  air,  deposit  selenium 
in  the  form  of  a red  powder. 

POTASSlUaC,  aXUCXOK  OP. — The  two  eleraenta,  when  heated  top;ether,  unite 
without  pfireptihle  incandefiwnec.  The  eonijiomid  containing  a larger  pro|iortlon  of 
potassium  than  silicium  is  dark  greyish-brown,  and  di»?iolv<‘s  entirely  in  water,  with 
evolution  of  hydrogen  gas,  yielding  silicate  of  pota.ssium  ; the  eom{xaiml  with  more  eili- 
cium  than  j>otii.ssium— obtained  by  decomposing  fluoride  of  silicium  with  potassium,  and 
also  by  strungly  igniting  the  first  compound— leaves  a residue  of  silicium  when  digested 
in  water.  ^Vhen  va]>our  of  potassium  is  poased  over  ignited  silica,  silicate  and  silicido 
of  potassium  are  produced,  and  dissolve  in  water  without  leaving  any  residue.  But  if 
the  greater  part  of  the  jiotassium  be  previously  expelkd  at  a strong  red  heat,  and  the 
remaining  viireoua  miis.s  digested  in  water  and  then  in  hydrofluoric  acid,  u small  quantity 
of  silicium  is  left  behind. 

POTASSZITM,  BXZilCOPXiirOJtnB  OP.  K»SiF«  - 2KF.SiF*.-Obtained  by 
adding  hydrofluosilicic  acid  to  a potnasium-tmlt.  as  a transparent  gelatinous  prt*cipilate, 
which  drie.s  up  to  a white  earthy  powder.  It  is  one  of  the  least  soluble  of  the  sa'U  of 
potassium  ; consequently  hydrofluosilicic  acid  is  sometimes  used  to  separate  potas.sium 
from  its  solutions,  as  in  the  pre|>aration  of  chloric  acid  from  chlorate  of  potjtssium. 

POTiLSBXUAX,  StTXPHZBES  OP.  Potassium  heated  in  sulphur-vaj^oup 
readily  takes  fire  and  burns  with  great  brilliancy.  It  unites  with  sulphur  in  five  dif- 
fenmt  proportions,  viz.  K^,  K^S\  K*S‘,  and  K’.S». 

Protosulphi^e,  K*S,  — It  is  doubtful  whether  tliis  compound  hasla'cn  obtained  in  tlio 
pure  state.  It  is  commonly  said  to  be  prialuced  by  heating  sulphate  of  potassium  iu  a 
current  of  dry  hydn»gen,  or  by  igniting  the  same  salt  in  a eovertd  ves.sel  with  finely 
divided  charcoal ; but  according  to  Bauer  (J.  pr.  Chem.  Ixxv.  246  ; Jahresb.  IfifiS,  p. 
116),  one  of  the  higher  sulpliides  is  always  formed  at  the  same  time,  together  with 
oxide  of  potassium.  Thepro*luct  has  a reJdish-yeUow  colour,  ia  delique.soent,  and  acts 
as  a caustic  on  the  skin.  When  sulphate  of  putassiutn  is  heated  in  a covered  crucible 
^*th  excess  of  lamp-black,  a mixture  of  sulphide  of  potassium  and  finely  divided  carbon 
is  obtained,  which  takes  fire  spontaneously  on  coming  in  contact  with  the  air.  The 
protosulphide  might  perhaps  be  obtained  pure  by  heating  1 at,  sulphydxute  of  potassium, 
KHS,  with  1 at.  of  the  metal. 

When  sulphydric  acid  gas  is  passed  to  saturation  into  a solution  of  caustic  potash,  a 
solution  of  the  sulphydr.ite  is  obtained,  which  is  colourless  at  first,  but  if  oxpos*d  !o 
the  air,  quickly  al>sorb.s  oxyg«*n,  and  turns  yellow  in  consequence  of  the  formation  of 
di.HuIphuie:  2KHS  ■■  K'S*  + 11*0.  If  a solution  of  potash  be  divided  info 

two  wual  parts,  and  one  half  l>e  satunited  with  sulphydric  acid,  and  then  mixed  with 
the  other,  a soIutioQ  is  formed  which  may  contain  protosulphide  of  potassium : KHS 
+ KHO  as  K*S  -f  11*0;  but  it  is  also  pos.sible  that  the  hydrate  and  the  sulphydrate 
may  mix  without  niutual  decompewition.  The  solution  when  mixt'd  with  one  of  the 
stronger  acids,  gives  off  sulphydric  acid  without  deposition  of  sulphur,  a reaction  which 
is  con.sistent  with  either  view  of  its  consititution. 

Digul pkide  of  Potassium,  K*S’.  is  formal,  ns  already  observed,  on  exposing  a 
solution  of  the  Hiilpliydratc  to  the  air  till  it  begins  to  show  turbidity.  By  evaporsition 
in  a vacuum,  it  is  obtained  as  an  omnge-coloured,  easily  fusible  substance. 

The  trisnlphids,  K*S*, is  obtaim*d  by  passing  the  va|»ourof  carbonic  disulphide otct 
iguitiHl  carbonate  of  potassium  as  long  as  gas  continues  to  escape  : 

2K*CO«  + SOS*  - 2K*S*  4 4CO  4-  CO*; 

also,  together  with  sulphate  of  pot.-ussiiim— forming  one  of  the  mixtures  called  frVr  of 
sulphur — by  melting  6U  pts.  (4  at.)  eurl>ontite  of  potiissium  with  40  pis.  (10  ut.)8ulphur 
(p.  708): 

4K*C0*  + . K*S0*  4-  3K-S*  4-  4CO«. 

The  ttfrasulphids,  K*H',  is  formed  by  inducing  sulphate  of  potassium  with  the 
vapour  of  cjirlionie  disulphide. 

The  pentasulphidf,  K*S*  is  forme<l  bv  loiling  a solution  of  any  of  the  preee^linjr 
sulphides  w'ith  excess  of  sulphur  till  it  is  salurated,  or  hy  fusing  either  of  them  in  the 
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drj  sUite  with  sulphur.  The  excess  of  sulpliur  then  sepamtet  and  floats  abore  the  daric 
liver-brown  penta.Ha)phido. 

All  the  ^utphidrs  of  pota.«iMum  are  brown  or  yellow-brown  solids,  having  an  alkaline 
reaction  to  ti*«t  paper,  and  smelling  more  or  less  distinctly  of  sulphydric  acid.  Adda 
decompose  them,  with  evolution  of  sulphydric  acid  gas,  attended,  in  the  case  of  all  but 
the  prot<jsul  hide,  with  the  precipitation  of  white,  finely  divided  sulphur  (milk  of 
sulphur).  On  adding  the  penta«nlphide  to  an  excess  of  hydrochloric  acid  of  speafie 
gravity  about  1*1,  persulphide  of  hvdr«>gen,  H*S*iiii.  204),  is  separated  as  an  oily  liquid. 
'J  he  solutions  of  the  higher  Mulphiaes  be'’ome  t‘«dourless  on  exposure  to  the  air.  the 
sulphide  bt  ing  oxidised  to  hyposulphite  and  the  excess  of  sulphur  separated.  When 
u Solution  of  caustic  («t8sb  is  boiled  with  sulphur,  a di^compositiun  ensues  similar  to 
that  wh  ch  oc.urs  when  hydrate  of  p»»l«sfcium  and  sulphur  are  fused  together;  a deep 
reddish  liquid  is  then  funned  contuinmg  hyposulphite  of  potassium  and  one  of  the 
higher  sulphides : r,g. 

6KHO  + .S'*  = K S-II  O*  + 2K*S*  + 2U*0. 

Xiwr  of  Sulphury  Hipnr  BiJphuris  BaHuum  b.  alc^ilinum,  which  is  prepared  by 
g»-ntly  heating  sulphur  with  carfiouate  of  potassium  in  closed  vessels,  f.g.  in  covered 
earthen  or  cast-iron  crucibles,— but  fn*est  from  impurity,  in  gla.ss  fla.sks, — consists  of 
trisulphide,  pentu-sulphide  and  intcmKHliate  sulphides  of  potassium,  according  to  the 
projM)rtions  einploycil,  mixed  with  sulphate  and  often  at  the  same  time  with  carbonate 
of  potassium.  pts.  (4  at.)  earlx>nate  of  |x>tassium  and  4U  pta.  (10  at.)  sulphur  yield 
a mixtup*  of  1 at.  sulpiiate  and  3 at.  sulphide  of  potassium  (p.  707).  When  less 
sulphur  is  used  and  a lower  heat  applied,  the  pro<luot  likewise  contains  undecomposed 
carbonate  of  potassium  ; if  the  heat  bt'  stronger,  the  trisulphide  changes  to  (he  disulphide, 
and  a larger  quantity  of  potussic  carlmnate  is  decomposed.  I>astly.  if  the  amount  of 
sulphur  exeetsls  10  at,  the  excess  converts  the  disulphide  into  t«  tra-  or  penta-sul- 
phide  of  |x>tassium.  4 at.  carl’onate  of  |x>taxsiuni  require  16  at.  of  sulphur  to  form 
|M‘ntasulphide.  Consequently,  for  CD  pts.  carlK>nate  of  potassium,  40  pts.  of  sulphur 
is  the  smallest  quantity  that  can  W used,  and  this  produces  tri-sulphide  of  potassium  ; 
64  pts.  is  the  largest,  petita-siilphide  being  ppxlure*!;  any  excess  of  sulphur  beyond 
this  Volatilises  without  entering  into  combination.  In  the  common  i>roportion  of  2 pts. 
of  carbumite  of  |>otu»sium  to  I pt.  of  sulphur,  the  quantity  of  sul|^iiur  is  therefore  loo 
small. 

90TAB8ZUHX,  SXr^PHOCABBOlVATS  OF.  See  Svlphocarbonxtbs. 

FOTAaSZtTM,  SUXFHOCTAITATS  OF.  See  Siji.phoctanatk9. 

FOTASBZiniK,  SZn.PHOMOZ.TBDATS  OF.  See  Molybdenum,  SuLPBmES 
OF  ^iii.  1044.) 

FOTASSZOM,  STTZiPHOPBOSPHATB  and  BOBPaOPKOSPHZTB  OF. 

See  rHo>i'Ho«UH.  Sulphides  of  (pp.  603,  604). 

POTASaZOM;,  SVX.PHOTmrOSTATB  and  BOXPBOVAITABATB  OF. 

See  Tunostkn  and  Vanadium,  Sri.PiiiPEs  ok. 

POTAB8IUMC,  St;x.PBYl>SlATE  OF.  KIIS  or  Formed,  with 

liberation  of  1 at.  hydre^en.  when  1 at.  potassium  is  heated  in  1 at.  sulphydric  acid  gas 
e.g.  when  200  c.  c.  of  the  gas  are  decompo«ieti  by  a quantity  of  |x>tMssium  ca|*able  of 
evolving  lOO  c.c.  of  hydrogen  fr«)m  water  ; 211^  + K*  » 2KH.S  + H*  (Oay  • Lussac 
and  Th^nard);  also  by  fiassing  sulphydric  acid  gas  over  carbonate  of  potassium 
at  a low*  red  heat  as  long  a.«  water  and  carbonic  anhydride  cootiuuc  to  pats  off 
(Berzelius) : 

K®CO»  + 2H*S  = 2KHS  + CO*  + H*0. 

It  is  white  if  nir  has  been  exclude<l  during  its  preparation,  ycllownsb  in  the  contrary 
case;  crystalline  ; black  wlien  melted.  It  U decomposed  by  dilute  acids,  with  evolution 
of  sulphydric  acid  If  heate«i  with  1 at.  potassium,  it  would  probably  yield  the  pure 
protosulplii'le : 2KI1S  + K*  ■*  2K*S  -f  H*.  The  same  compound  it  obtained  in 
tolution  by  saturating  aqueous  putush  with  sulphydric  acid  (p.  707). 

FOTAB6ZYnMt»  T£BX*17KX2>S  OF.  Formed  by  heating  tellurium  with  potas- 
sium in  an  atriM  f-phere  of  hydrogen;  by  heating  telluric  oxide  with  2 pts.  hydrate 
of  potassium  and  1 pt.  charcoal;  and  by  pas.‘>ing  the  current  of  a powerful  voltaic 
battery  through  a solution  of  potash  with  tellurium  for  the  negative  pole.  The  com- 
pound obtained  by  the  first  method  is  <lark  copper-coloured,  brittle,  has  a crystalline 
fracture,  and  duea  not  melt  b«‘Iow  a red  heat ; that  obtained  by  the  second  has  the  colour 
of  nickel,  wiiile  the  third  yieUU  a »trel-gr<*y,  brittle  compound  much  more  fusible  than 
pure  tellurium.  Telluridt*  <if  poDissium  diss(»lv<*s  in  water,  forming  a purple  solution 
which  becomes  colourless  and  de|»fwiis  t«  llurinm  on  cxjx>«ure  to  tlie  air,  ami  givrw  oft 
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of  hj'flropen  when  treated  with  acidM.  A s-niilar  solution,  but  containing  also 
U'iiurile  of  (>otassium.  is  formed  by  Ixnling  tellurium  in  aqueous  [fotusb.  ^llerzol  iu«.) 

POTiLSSXITM-STKYXH  C'^lOK,  and  FOTaSSZUM-MCEXH VX«,  CH'K,  uro 
<ibtaiue<|  tu  combination  with  zinc  ethyl  and  ziiic-tni-thyl,  by  treating  tb'>ae  compouiubi 
v ilh  |H>tussium  ; they  arc  not  known  in  the  separate  state.  'Ibeir  reactions  are 
precisely  analogous  to  those  of  the  corresponding  Mxiuiin-couqiounds  f. ). 

POT.fiLBSIin»-SAX.TS.  MAlWrACTOTBS  OF.  The  sources  of  potHSsium 
have  lieen  already  eniimemted.  Formerly  nearly  all  the  potash  used  in  the  arts  and 
HMnufiictur«*8  was  olnained  from  the  ashea  of  land-plants ; but  of  late  ye;ips  the  in- 
cn-asing  d«*maml  for  {>utasli  for  tlie  pr«'paration  of  various  compcmnds  in  which  it  has 
not  yet  been  found  ^K»»>ible  to  replace  llmt  alkali  by  soda,  namely  the  chloraleH, 
prusNiates,  ohromales,  &c.,  and  more  espcH'iiilly  of  salt|S'tre  fur  the  manufacture  of 
gUD|>owder  -also  as  a manure  for  the  cultivation  of  various  plants  (vine,  beet,  eereals, 
— has  led  to  the  invention  of  several  processes  by  wliicii  {sitassium  stills  may  I’O 
obtaini'd,  either  diri'Ctly  from  mineral  Kinrccs,  or  from  the  waste  priwiuots  of  manu- 
facturing .operations.  It  must  be  ob»ervt*vl,  however,  that  the  incineration  of  laud 
plants  has  the  advantage  of  yielding  the  alkali  in  the  form  of  carbonate,  which  may 
easily  he  converted  into  the  other  salts  by  neutrulisatiun  with  the  resj>ecttve  acids,  or 
into  caustic  potash  by  boiling  with  lime  ip.  700),  and  thus  at  unee  rendered  available 
for  the  manufacture  of  soap,  and  the  various  other  jmr{K>ses  for  which  a caustic  alkali 
is  required,  whereas  the  other  sources  yield  the  potassium  for  the  most  part  in  the  form 
of  chloride  or  sulphate,  that  is  to  say  in  a form  rt'sembling  the  crude  material  in  l/i 
Blanc's  prod's*  for  the  preparatiou  of  sdla,  amin*quirii»g  a ci*mplicated  series  of  opiTa- 
tions  to  convert  it  into  carl>onule  or  caustic  alkali.  For  some  pur[>o'^K  however,  the 
preparation  of  nitrate  of  potassium  for  example,  the  chloride  of  [K)ta''sium  is  at  once  avail- 
able, without  previous  conversion  into  carbonate. 

The  sources  from  which  potassiuru-salis  are  at  present  obtained  are  the  following: 

T.  The  ashes  of  Land  plants.  IV.  Felsj»ar  and  other  Silicates. 

II.  The  ashes  of  Marine  plants.  V.  The  Wool  of  Sheep. 

III.  Sea-water,  Brine-springs,  and  Saline  deposits. 


I.  MAXuFAcrmB  of  Cabhokatk  of  PoTAKsirM  from  thb  Asms  of  TiimuB 
AND  OF  IjAnii  Plants  in  oenckal. 


The  ashes  obtained  from  plants  of  difTcrent  specii's  exhibit  very  great  diversities 
of  quantity  and  composition;  but  the  chief  cou.stituents  are  always  the  carboimtes, 
chlorides,  sulphates,  pno.Hphates,and  silicates  of  (x^tas^ium,  sodium,  calcium,  magnesium, 
and  iron  : the  carbonates,  which  generally  constitute  by  bir  the  larger  projiortioii  of  the 
ash,  are  produced  by  the  decomposition  of  oiyanic  salts  of  the  several  bases  (see  Ask 
OP  Oboanic  Boniiw,  i.  416).  The  following  tables  will  give  an  idea  of  the  great  differ- 
ences in  the  total  amount  of  ash  and  the  proportion  of  potash  yielded  by  various  plants : 


Boss:  Analytufrom  1,000 

Pine  wood 

Beech  „ ........ 

Ash  „ ........ 

Oak  

Film  ,,  ........ 

Willow,, 

Vines 

Ferns 

Wormwood 

Fumitory  ........ 

A b b e D e and  B 1 e n g i n i : Analyses  from  1, 

Dahlia  with  blossoms  and  leaves  .... 

„ stems  after  flowering  time  .... 

,,  bulbs 

„ branches  

Acacia-branchea 

Graije-stema 

Vine 

Skins  of  pressed  grapes 

Stems  of  a cluster  of  grapes  • • . . . 

Grape-stones 


Aih. 

Potuh  (K>0). 

3-40 

0-45 

6-80 

I 27 

12  20 

0-74 

13  50 

1-50 

23-50 

3 90 

2800 

2-86 

3400 

660 

36*40 

4 26 

97*40 

7300 

219*00 

79-90 

000  parts. 

A«h. 

PoUih  (K>0). 

79*92 

19  98 

44-67 

3-60 

99-16 

13-44 

23*05 

2-66 

24-69 

2-66 

88-88 

41*66 

46-66 

12-73 

72-ai 

14  88 

, . 

89-81 

, , 

9*60 

More  extensive  tables  will  be  found  in  Richardson  and  Watts's  Chemical  Technology^ 
i.  [3]  440—463. 
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1.  Pottuh  from  the  aah  of  Fortst-timhir. 

It  will  b©  ne©D  from  the  example#  above  given  that  the  proportion  of  poUab  io  her* 
baceous  planU  is  much  greater  than  in  tree# ; and  uccurdinglj'  it  ha#  been  propoied  tv 
grow  #uch  plants  (wormwood,  tansy,  marigold,  &c.)  for  the  sole  purpose  of  extnu’tiog 
potash  from  their  ashes.  But  sueh  a plan  can  seldom  be  profitably  carried  out : for  these 
fa#t>growing  plants,  except  under  very  peculiar  circumHUineeg,  »oon  exhaust  the  soil 
of  all  its  available  potash.  Forest  trees,  on  the  other  hand,  during  their  comparatively 
slow  growth,  are  able  to  avail  themselves  of  the  potash  which  is  supplied  to  the  soil  by 
the  gradual  decomposition  of  felspar,  clay,  &e.,  autl  thu.s  a continuous  growth  is  ke^ 
up  without  exhaustion  of  the  soil.  It  is  therefore  from  forest  Inn'S  that  potash  is 
principally  obtained,  the  manufacture  being  earri»?d  on  in  countries  where  extensive 
forests  prevail,  as  in  North  America,  Kussio,  Sweden,  Germany,  and  some  parts  of 
Tuscany  and  France. 

The  incineration  is  effected  either  in  pits,  sunk  into  tlic  ground  to  a depth  of  three 
or  four  feet,  or  the  plants  and  limber  an;  urrangeil  in  piles  on  the  ground,  fresh 
quantities  of  timber  being  ad«led,  in  either  ease,  until  a heap  of  ashes  is  obtained. 

The  Uxiviation  of  the  anhee. — The  ash  is  sitbsl  fn*m  t he  coal  and  eharred  wood,  tho- 
roughly moistened  and  filled  into  two  rows  of  common 
wooden  cistrms  or  half  barrels  (Jiff.  741),  the  two  rows 
being  arranged  one  above  the  other,  with  a third  row 
of  empty  cisterns,  or  wells,  on  a still  lower  level.  The 
cisterns  have  fals**  (sieve-like)  bottoms  coveted  with 
straw,  from  which  the  lye,  when  sufiBcienUy  strong, 
is  dmwD  into  the  e^*apuratiug  pans.  The  method  of 
lixiviatiun,  generally  with  cold,  sometimes  with  hut 
water,  is  similar  to  that  practised  in  alkali-works. 
The  upper  row  of  cisterns  is  first  filled  with  water  on 
the  top  of  the  firmly  pressed  down  ash,  and  drawn 
w’heii  the  lixiviation  is  complete;  they  are  then 
refilled  and  the  weak  lyo  is  run  into  the  first  ash- 
cistern  of  the  second  row,  whence  it  also  issues  in  t 
fit  state  of  saturation  for  boiling;  this  system  is  continued  in  rotation,  every  fresh 
portion  of  water  coming  at  last  in  contact  with  a fresh  portion  of  ash.  The  l^e  in  its 
proper  state  of  saturation  should  contain  from  20  to  26  per  cent,  of  salt.  This  simple 
and  most  effectual  method  is  however  only  one  out  of  a great  number,  used  in  dlfiferent 
countries,  for  the  description  of  which  see  Kichardsoo  and  WatU  s Chemical  Ttchno- 
loffff,  i.  [3]  463. 

Evaporation  of  (he  /yr.— The  lye,  which  is  of  a dark-brown  colour,  is  evaporated  in 
flat  iron  pans,  whilst  the  water  is  constantly  replaced  by  lye  of  the  proper  strength, 
until  the  contents  of  the  pan  become  thick,  and  the  hoi  lye  quickly  solidifies  on  cooling ; 
thewliole  is  then  evaporated  to  dryness  with  constant  stirring.  Tlie  crude  product  thus 
obtained  is  culled,  from  the  mode  of  preparation,  crude  potash  or  potashes.  It 
eoiisists  mainly  of  carbonate  of  potassium,  with  a considerable  quantity  of  sulphate  and 
al>f>ut  12  |K.T  cent,  of  waUjr. 

In  G<>rii)uny  the  sulphate  of  potas-siuni  is  sometimes  separated  by  allowing  it  to 
ciystalliso  out  of  the  liquor,  l>efore  boiling  down.  In  Kussia,  potashes  ore  made  largely 
from  wood-ashes  or  the  ash  of  straw,  as  a duty  from  the  peasantry  to  the  estate-owners. 
The  lye  is  ovapomted  in  flat  copper  puns  to  the  point  of  crystallisation,  and  the  carbo- 
nuteuf  potassium depositsin  brown  crystals,  which  are  then  calcined  in  a mufflefrirnace. 

Caicination. — Crude  po- 
tash contains  water  and 
empyreumatic  sul^stonces, 
and  these  are  destroyed 
by  calcination.  The  cal- 
cining furnace  is  shown  in 
fff.  742,  and  is  worked  in 
the  same  manner  as  the 
carlxmstingfiimacoin  the 
manufacture  of  alkali  ; the 
crude  potash,  first  covering 
the  hearth  in  a thin  layer, 
is  well  paddled  and  turned, 
then  broken  down  and  tho- 
roughly exposed  to  the  hot 
air,  until  all  combustible 
matter  is  destroyed  and  the  whole  ma.vs  ai'quires  a clear  and  bright  flame-red  heat, 
when  a sample,  after  cooling,  will  appear  quite  white.  Careful  management  is  pe- 


Fiff.  742. 


Fiff.  741. 
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qniriH]  tliroughoat  the  operation  to  prcrent  the  fluxing  of  the  nmss  and  to  give 
the  asli  a bright  appearance.  The  losa  in  weight  by  calcining  the  crude  puniah  is  from 
15  to  20  per  cent.  The  calcined  product,  call^  pearl-ash,  is  {tacked  while  still  hut, 
to  prevent  any  absorption  of  moisture.  The  a.sh  is  often  discoloured  by  impurities, 
lu  some  manufactories,  a muffle  fiirnaco  is  iisetl  instead  of  that  above  described. 

lifjininff  of  Pcart-ask. — In  America  the  pearl-ash  is  soraelim»*s  redissolved,  the 
liquor  concentrated  and  the  less  soluble  salts  art>  allowed  to  crystallise  out ; the  clear 
liquor  is  then  evaporated  to  dryness  with  constant  stirring ; this  ash  is  called  “salt  of 
tartar.”  In  France  the  calcimKl  pearl-ashes  are  washed  st'veral  times  with  cold  water, 
which  gradually  takes  up  all  the'earbonate  of  potassium,  and  thesolution  (specific  gravity 
about  14735)  IB  evaporated  in  a system  of  {>ans.  The  pearl-ash  thus  produced  is  of 
first-rate  quality,  and  very  much  liked  in  commerce  on  account  of  its  grnnubir  form. 

Commercial  Potashes. — There  is  a great  variety  of  potashes,  according  to  the  localitv 
where  they  ore  made,  whence  they  are  imported,  &c. — The  American,  imported  in  oak 
casks  via  New  York  and  Philadelphia,  are  rt^ldish,  sometimes  grey  and  violet,  hard,  but 
very  deliquescent ; there  are  tliree  kinds,  containing  respectively  64  to  68  per  cent., 
48  to  52  per  cent  and  30  to  45  per  cent,  of  neutral  carbonate  of  potassium,  K*CO*. — 
The  white  American,  or  pearl-a-sh,  is  granular,  varying  in  j^rcentage  from  26  to  68  per 
cent. — The  Uus.Man,  St.  iVtersbuig  or  Odessa,  also  called  “Kasan”  from  being  manu- 
fai'tured  near  this  locality,  are  packed  in  poplar  casks,  and  contain  from  60  to  62  per 
cent  of  pure  carbonate. — The  Itiga  potashes  are  similar,  and  vary  from  60  to  52  per 
cent. — Tiio  I*olish  (Potassr  de  PoiHt)  are  denser  and  harder.— The  Dantzig  resemble 
pearl-ashes,  but  are  more  friable,  and  stand  from  60  to  60  per  cent— Tliere  are  three 
qualities  of  the  Tuscan,  which  are  in  powder,  mixed  with  pieces  of  different  (‘olouri: 
grey  of  60  percent.;  white,  harder,  of  50  to  66  per  cent ; and  blue  of  the  same  strangth. 
— All  other  {s)tashes  are  of  a similar  clmracter ; tliey  are  never  completely  soluble  in 
water,  and  sometimes  leave  a considerable  residue. 

The  following  analyses  give  a very  good  idea  of  the  composition  of  the  various  kinds 
of  commercial  potashes : 


I.  Uermann’s  Analysis  of  Potashes  from  Kasan. 
Insoluble  portion. 


Lime 

. 0054 

Alumina 

. 0012 

Manganic  acid  .... 

. 0013 

Silica 

. 0132-0-211 

Soluble  portion. 

Carbonic  acid  .... 

. 27-790 

Potash 

. 47-4o5 

Soda 

. 2730 

Sulphate  of  potassium  . 

. 17-062 

Chloride  of  potassium  . . 

. 3-965 

Bromide  of  potassium  . . . 

, trace 

Phosphate  of  potassium 

. 0443 

Silica 

. 0-344—99-789 

100  000 


II.  PeaieFs  Analyses  of  Commercial  Potashes. 


ConatItuenU. 

Tutcanf . 

RumU. 

Arntrica. 

Vosges. 

Rad. 

PmtU 

ashes. 

Carbonate  of  potassium  . • 

Carbonate  of  sodium  . 

Sulphate  of  potassium  . . 

Chloride  of  potassium  . 

Insoluble  matters 

Mobture 

Phosphoric  acid,  lime,  silica,  &c.  | 
and  loss  . . . • | 

74-10 
3-01 
13  47 
0-95 
0-65 
7-28 

0-54 

69-61 

3-09 

14-11 

2-09 

1-21 

8-82 

107 

68-07 
5 85 
15  32 
8 15 
3 35 

not  Mti- 
matcU 

71-38 
2 31 
14-38 

3- 64 
0-44 

4- 56 

3-29 

38  63 
4-17 
38-84 
9-16 
2-66 
5 34 

1-20 

100-00 

100  00 

100-00 

10000 
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III.  Blej's  Analytic  of  Illyrian  Pota$hft, 


Carbonste  of  potassium  . . 

. 78-5 

82  SS 

Carbonate  of  sodium  / 
Sulphate  of  sodium  ( 

. 12d0 

12-50 

Insoluble  matter 

. 875 

4-65 

100-00 

10000 

IV.  Van  Baat«l&er's  Analytes  of  American  and  Emsian  Poia»heti. 


Conitituenti. 

Amerlran  pouahet. 

KuaMAit 

|H>uubc». 

1 

, 

Carbonate  of  potassium 

21-47 

30-43 

12  96 

50-84 

Caustic  potash  .... 

446 

9-33 

21-71 

Sulphate  of  potassium 

20  08 

2505 

23-70 

17  44 

Chloride  of  potasHium 

7-65 

4-20 

7-89 

6-80 

Carbonate  of  sodium.  . . 

22-99 

23-90 

17-07 

12  14 

Moisture  ..... 

9-37 

3-11 

0 81 

10  18 

Insoluble  matters  • . 

14  08 

3 98 

15-86 

3 60 

100  00 

100-00 

100-00 

100  00 

V.  Meyers  Analyou  of  American  Potashes  (New  York). 


CocutitUPTits. 

Be«t  Quality. 

Flr»t 

Qu’tUtr. 

Second  Quality. 

Third 

Quality. 

Carbonate  of  potassium 

4368 

24-57 

56  01 

15-07 

53-15 

38-47 

Hydrate  of  potassium  . 

49-68 

44-43 

561 

38-69 

4-49 

Sulphate  of  potassium  . 

16  14 

27-70 

19-76 

21-30 

53-34 

Chloride  of  sodium 

1-64 

4-40 

10-49 

6-60 

5-37 

0-62 

Carbonate  of  sodium 

4-27 

4-70 

14-01 

6 03 

Insoluble  matter  . 

6-19 

019 

15-86 

1 69 

1 54 

99-79 

10000 

100-00 

100-68 

100-01 

100-00 

2.  Potash  as  a hyc-yrodurf  from  the  manufacture  of  Brei-rooi  and  Cane-mgar. 
Beet-root  is  a poUsh-plant,  its  ash  conUining  only  in  some  few  inatancea  a large  pro- 
portion of  soda  ; thus  Bouasingault  found  in  the  two  kinds: 


Potash 

Soda 


Pot»«h*Ash. 

. 48-9 

. 7-6  " 


100 


Soda  *»h. 
301[ 
34-2i  “ 


100. 


Mathieu  de  Domhaslefirst  attempfwl  tocombine  the  production  of  sugar  with  the 
extraction  of  potash  by  incinerating  the  leavesof  the  beet-root;  his  plan  was  however  soon 
abandoned;  about  20  years  later,  Bnbrunfaut  suggested  that  the  uncrystallisable 
sugar  in  the  molasses  should  bo  converted  into  alcohol,  and  the  potassiuiti-salts  extracted 
from  the  residue.  This  plan,  which  has  been  adopted  on  a large  scale  in  France  and 
Germany,  depends  on  inducing  a fi  rmenfation  in  tne  trolasses,  separating  the  alcohol 
by  distillation.  eva|>orating  the  residu.al  liquors  to  dryness,  calcining  the  solid  mass, 
and  treating  the  pure  salts  as  des*Tibed  for  ordinary  potashes. 

The  uncrystallisable  sugarin  mw  beet-root  sugar  was  found  by  Moinier 
to  vary  from  0'12  to  3-40  per  cent.,  but  in  some  molas.ses  U amounts  to  90  per  cent. 
Payen,  Poinsot,  and  Brunet  found  9'699  percent,  of  the  carbonates  of  potassinm 
and  sodium  in  this  material.  Krocker  found  in  the  mineral  matter  left  by  the  incin- 
eration of  the  molasses  : — 


K>0. 

N««0. 

CaO. 

so>. 

SIO*. 

CO’. 

Soluble 

47-88 

2-34 

1-53 

0-85 

22-39 

. . 12-92 

- 87-91 

Insoluble 

1-70 

0-17 

5-29 

0-22 

3-79 

0-29  0-63  . . 

- 12-09 

100-00 
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The  molHMM  are  dilated  to  a »peci6c  ^vity  of  1085,  and  sulphuric  acid  is  added 
to  render  the  liquid  slightly  acid.  This  liquid  is  mixtn.1  with  per  cent,  of  the  yea*-t 
of  beer,  run  into  large  cisterns,  ext>o8t*vl  to  a temperature  of  20°  C\  (68°  F.)  and  allowed 
to  ferment  for  6re  or  six  days.  U isthen  distilled  to  Heparate  the  alcohol,  amounting  to 
4 or  5 per  cent,  of  the  liquid.  All  the  salts  contained  in  the  plant  remain  in  the  residue 
called  vinasse. 

This  residue  is  neutralised  with  chalk,  and  the  liquid  is  allowed  to  settle.  It 
is  then  conoentrat<Mi  in  iron  pans  to  a sympy  consistence  <r2l7  to  F372  s]ieeific 
grarity).  run  into  tanks  to  allow  the  sulphate  of  calcium  to  precipitate,  and  the  clear 
brown  liquor  is  calcined  in  a n’vorberatoiy  furnace. 

The  addition  of  rhalk  to  the  Tinasse  is  most  beneficial  to  the  composition  of  the  salt 
prodnccil,  us  is  plainly  shown  in  the  following  compiirative  analyses : — 


Carbonate  of  potassium 
Carlxmate  of  so<lium 
Sulphate  of  potassium 
Sulphide  of  potassium 
Chloride  of  potassium 


without  lime.  Wth  lime. 
42  7)2 

29  3d 

10  1 

3 

16  17 


100  100 


The  potashes  obtained  in  this  process  vary  very  much  according  to  the  districts 
where  the  be<*t-rool  has  been  grown  ; they  are  richer  where  the  beet-root  has  recently 
been  infrotlucetl,  than  where  the  soil  has  been  long  cultivated  and  is  consequently  ex- 
hausted. These  raw  beet-root  jxitashes,  called  “ Salin  ” on  the  continent,  contain  on  tJie 
avemge 


Stilphate  of  potassium,  from 
Chloride  of  potassium,  „ 
Carbonate  of  potassium  „ 
Carlx)natc  of  sodium  „ 


3 to  6 per  cent. 
20  per  cent. 

30  to  35  per  cent. 
18  per  cent. 


ff>‘jininp  of  thf  r<iw  Sntin. — The  crude  material  is  lixiriated  and  the  liquors  are 
eoinetiraes  boiled  down  to  diyness  ; sometimes  the  strong  liquors  are  concentrated  up  to 
1*473  whilst  the  sulphate  of  potassium  is  fished  out.  Aft<*r  t'ooling,  a large  crop  of  ciys- 
tals  of  chloride  of  potassium  forma  in  the  coolers.  The  mother-liquor  is  separated, 
eoncentratwl  up  to  8]>ecific  gravity  r565,  and  again  run  into  coolers.  In  three  or 
four  days  a mass  of  crystals  is  formed,  consisting  of  a double  carbonate  of  potassium  and 
sodium.  Tile  mother-liquor,  now  very  rich  in  carbonate  of  potassium,  is  Iwiled  down  to 
dryness.  Hy  redissolving  and  recrrstallising,  another  double  salt  with  less  carbonate 
of  potassium  is  formefl,  which  is  then  melted  in  a metal  pan  and  boiled,  whereupon 
cartrf'nate  of  sodium  with  I at.  water  (Nu*CO*.H’’0)  separates,  leaving  the  mother-liquor 
rich  in  potassium-salt. 

M.  Billet  subjects  the  vinasse  to  a di.sfillation  process,  somewhat  eiinilar  to  that 
which  Mr.  Stanford  has  proposes!  for  scawc  il,  whereby  he  obtains  tnr,  illuminating 
gas  and  charcoal  in  atldition  to  the  ash.  The  potash  is  extracted  by  lixiviation,  with 
less  loss  than  in  the  previous  process,  and  in  a state  of  much  greater  purity.  (See 
Richardson  and  Wnlta’s  Chmtical  Ttchnolofft/^  j.  [3]  480.) 

The  aggregate  quantity  of  potasHiuin-salts  produced  from  the  beet -root  manufacture 
in  Europe  must  l>e  very  large,  and  is  daily  inerca-ning.  The  application  of  these 
processes  to  similar  waste-nrixlucts  in  the  manufacture  of  cane-sugar  might  be  equally 
adTantageous ; a process  has  in  fact  l*cen  patented  by  Mr.  G.  Seymour  for  Mona. 
Leplay,  fur  the  recovery  of  the  poUNh  und  soda  from  the  saccharine  juices  of  canes  or 
beet-root  by  means  of  caustic  baryta. 

3.  SulphaU  and  Carbonate  of  Potagsinm  as  hpe-producU  in  the  tnanufaciure  of 
Tartaric  Add. 

The  acid  tartrate  of  potassium  existing  in  grape  juice  being  but  slightly  soluble 
in  a mixture  of  alcohol  an«l  water,  is  s<-panited  during  fermentation  as  a crust  on  the 
sides  of  the  casks,  and  called  white  or  red  crude  tartar  according  to  the  wine  from 
which  it  is  obtained.  This  being  dlssolvetl  in  hot  water,  and  the  saturated  solntion 
allowed  to  cool,  the  surface  is  soon  covered  with  a coating  of  fine  crystals  of  the  acid 
tartrate  which  in  this  state  is  calltHl  cream  of  tartar.  The  best  kinds  come  from 
Italy,  Spain,  ami  France,  and  contain  on  an  average  from  diffenmt  samples  82*7  per 
cent,  acid  tartrate  of  potassiuin,  7'6  tartrate  of  calcium,  and  9*7  water  {Technology,  i. 
[3]  484). 

These  tartars  when  heated  are  decomposed,  and  leave  a black  mass  called  **  black 
flux;"  consisting  of  potassinm-carbonstemixed  with  charcoal ; when  they  are  deflagratetl 
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with  saitpeti^,  u white  residue  is  obtaiiUHl  called  **  white  fiux  ; ” consistinj^  mainW  of 
potassium-oiirbonate.  Both  of  these  Huxesure  extensiTely  used  in  assaviu|?  metsliic 
ori'S,  The  tartars  were  fonuerly  heated  in  the  open  air,  till  the  residue  iH^me  white, 
and  then  sold  ns  wotnl-ash. 

The  lees  of  wine,  as  well  ns  the  yeast,  are  now  used  for  the  production  of  carlonate 
of  potassium.  After  the  fermentation  of  the  wine,  the  yeast  or  lees  is  collected  into 
one  vessel,  placiHl  in  bags,  and  pressed ; and  the  cakes  are  dried  and  incinerated. 
Great  care  is  riHjuirtNl  in  regulating  the  fire  properly.  These  ashes,  in  France  enUed 
Cmdrfs  are  of  a very  superior  quality,  ver>’  light,  porous  and  white.  A simi- 

lar proiluel  is  obtaimd  from  the  residue  in  the  manufacture  of  brandy. 

In  the  manufacture  of  tartaric  acid  half  the  acid  in  the  crude  tartar  ia  neutralised 
with  lime  and  precipitated  as  tartrate  of  calcium.  The  neutral  tJirtrate  of  potassium 
remains  in  solution,  and  maybe  converted  into  chloride  or  sulphate  of  potassium,  by 
means  of  chloride  of  calcium,  sulphate  of  calcium,  or  dilute  sulphuric  acid.  Mr.  Gatty 
has  i^tenteil  a process,  by  which  he  obtain.s  the  alkali  in  tlie  form  of  a carbonate  by 
treating  the  solution  of  neutral  tartrate  with  milk  of  lime,  forcing  carbonic  add  gas  at 
the  same  time  into  the  liquid  until  it  is  saturated;  insoluble  tartrate  of  calcium  is 
furme<l.  and  the  acid  carl>onate  of  potassium,  which  remains  in  solution,  is  evaporated 
and  calcined  in  a reverberatory  furnace. 

Wagner  pnqKises  to  substitute  carlionate  of  barium  for  the  lime,  and  obtains  thus  inso- 
luble tartrate  of  barium  and  a solution  of  neutral  tartrate  of  potassium,  which  latter 
he  mixes  with  a solution  of  hydrate  of  barium.  This  mixture  U boiled  and  carbonic 
aciii  passeil  through  it,  until  all  the  bar}ta  is  prr-cipiucted,  and  the  caustic  potash  is 
cou  vertex!  iuto  carbonate,  which  is  Uien  evaporated  and  dried. 

II.  Fbom  tbb  Asuxs  of  Marinx  Pi.axts. 

The  value  of  marine  plants  as  a source  of  alkali  has  been  known  from  a very  early 
age;  the  systematic  production  of  the  ash  of  seaweed,  called  “kelp"  in  this  country, 
“ varec”  in  France,  is,  however,  at  I«*ast  in  tht'so  islands,  of  comparatively  recent 
oriuin.  First  regularly  pursutxl  in  Ireland,  it  was  introduced  into  Scotland  by  Mr. 
St'Leod  about  the  year  1730.  It  was  at  first  worked,  for  its  contents  of  carbonate  of 
sodium,  at  the  time  when  high  war  duties  were  levied  on  barilla  and  salt.  At  the 
lH*ginning  of  the  present  century,  the  value  of  Highland  kelp  was  twenty  pounds  per 
ton,  and  the  production  of  Scotland  about  this  period  was  20,000  tons  per  annum. 
When  the  manufacture  of  soda  from  common  salt  commenced,  the  kelp  fell  rapidly  in 
value,  and,  although  the  discovery  of  iodine  in  1812  opened  up  a new  demand  for  kelp, 
its  prodnetion  never  again  reached  the  above-named  amount.  Kelp  and  varec  are  now 
produced  solely  fur  their  ecintents  of  iodine  and  potassium-salts. 

Tables  of  the  composition  of  the  ash  of  seuweAl  are  given  in  Kichanlaon  and  WatU's 
Chemical  Technology  (i.  [3]  601,  602),  showing  that  the 


Potash  and  soda  vary  from  15  to  40  per  cent. 

Lime  „ 

3 „ 

21 

Magnesia  „ 

7 „ 

15 

Common  suit  „ 

3 „ 

35  „ 

Phosphate  of  calcium  „ 

3 

10  .. 

Sulphuric  acid  „ 

H » 

31  „ 

Silica  „ 

1 .. 

11  .. 

Cofkciion  of  the  &aw((d  and  manufacture  of  the  JTc/p.— In  Scotland  the  kelp  is 
collected  from  June  to  September,  and  is  known  as  “cutweed"  and  “driftweed."  The 
cutw»‘ed  or  weed  cut  from  the  rocks,  is  chiefly  obtained  in  the  Highlands  from  two 
plants  called  **  yellow- wreck  " and  “ black-wreck,"  the  former  of  which  floato  in  water 
when  cut,  and  hence,  l>eing  more  easily  managtxl,  is  more  commonly  used  in  the  High- 
lands tliun  the  other  which  does  not  fioat.  The  weed  is  cut  only  during  spring-tides, 
and  it  is  important  to  diy  and  burn  it  before  it  suffers  from  rain,  ns  otherwise  it  is 
apt  to  ferment.  CutwtxKl  yields  less  iodine  and  potash  than  driftweed. 

In  Scotland  the  weeds  are  burned  in  kilns  on  level  ground,  14  to  16  feet  long  by 
2 feet  broad,  surrounded  by  a stone  wall  8 to  10  inches  high.  The  kiln  is  kindled 
with  dry  heath  or  straw,  on  which  tlie  dried  seaweeds  are  placed,  the  laying  on  of  the 
wecnl  l>eing  dune  very  carefully,  so  os  not  to  allow  it  to  burst  into  a flame.  Wlien  this 
operation  has  been  in  progress  from  six  to  eight  hours,  a portion  of  the  end  walls 
is  pulled  down  and  the  porous  ash  is  worked  up  and  kneaded  until  it  melts  aud 
runs  together,  and  thus  forms  the  "floor,"  a cake  from  3 to  6 inches  thick.  The  whole 
operation  is  then  proce»*dpd  with  afresh,  a second  floor  is  formed  &e.  up  to  four  and  even 
SIX  floors.  The  fused  muss  is  broken  up  by  throwing  water  upon  it. 
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111  the  north-west  of  Ireland  the  kelp  is  chiefly  made  from  drifrweed,  which  cornea 
in  during  April  iind  May  ; it  ia  burnt  in  small  heaps  or  hoU*s,  at  a lower  temperature, 

that  the  kelp  is  more  porous  and  much  riclier  than  that  from  the  Western  Islands. 

On  the  wi*st  coast  of  France,  in  Normandy  and  Brittany,  especially  on  the  shores  of 
Li  Manche,  the  “driftweed*"  has  been  collected  from  time  immemorial.  When  the 
Weed  has  been  gathennl  or  cut,  it  is  dritnl,  and  aflerwanls  put  into  stacks  which  stand 
until  July  or  August,  when  it  is  burned  in  round  or  rectangular  pits,  which  are 
protected  on  their  sides  and  bottom  by  stones  or  plates.  The  pits  an*  filled  with  dry 
weed  and  set  on  fin\  fresh  weed  being  continually  added  till  the  heat  becomes  so  great 
as  to  soften  and  ultimately  fuse  the  ashes. 

These  methods  however  are  open  to  all  the  objections  pointed  out  some  years  ago  by 
Heinrich  Rose,  as  applying  to  the  older  proce.*^  of  incinerating  plants,  the  chief  of 
which  an',  that,  owing  to  the  great  heat  applied,  volatile  substances,  iodine  and  potas- 
sium-salts for  exam])le,  are  to  a great  extent  lost,  and  that  the  carl>OD  deoxidises  the 
alkaline  sulphates,  reducing  them  to  sulphites,  hyposulphites,  and  even  sulphides,  which 
accumulate  in  the  motherdiquor  and  require  a lui^e  quantity  of  sulphuric  acid  to  re- 
convert them  into  sulphates. 

To  obviate  these  objections,  various  plans  have  been  proposed,  consisting  chiefly  in 
charring  the  weeds  only  slightly  before  lixiviating,  or  in  subjecting  them  to  a distilla- 
tion-process, whereby  tar  and  illuminating  gas  are  obtained,  together  with  a residue  of 
charcoal.  This  when  lixiviatKl,  yields  a solution  containing  the  soluble  mineral  con- 
stituents of  the  seaweed,  which  are  thus  obtained  with  much  less  loss  than  by  the 
ordinary  process.  (See  Sjuwtibd.) 

Composiiiun  of  the  Ktlp  and  Varec. — The  diflTercnces  in  the  kelp  and  varec  from 
different  localities  ore  very  great;  not  so  much  however  when  manufactured  at  theRanic 
place,  as  the  pr*‘at  difference  in  the  composition  of  the  ash  of  the  seaweeds,  even  of 
the  same  species,  miglit  lead  one  to  expect  According  to  Golfier-Besseyre’s  analyses 
of  French  varec,  the  sulphate  of  potassium  varies  from  ll  to  44  percent.,  and 
in  one  case  fell  as  low  as  2 per  cent. ; thechloride  of  potassium  from  12  to  3d  per 
cent,,  and  in  one  instance  it  was  only  0*36  per  cent. ; the  sulphate  of  sodium  from 
0 to  35  per  cent;  the  carbonate  of  sodium  from  nil  to  17  percent;  and  the 
chloride  of  sodium  from  9 to  70  per  cent. 

Extraction  of  tht  Sei/ts.— The  separation  of  the  three  principal  salts  contained  in 
kelp,  viz.,  the  chloride  and  sulphate  of  potassium  and  the  chloride  of  sodium,  is  based 
on  the  following  facts; — 1st.  That  common  salt  is  nearly  as  soluble  in  cold  as  in  hot 
water:  2nd.  That  chloride  of  potassium  is  more  soluble  in  hot  than  in  cold  water;  and 
3rd.  That  sulphate  of  potassium  is  only  slightly  soluble  in  cold  water. 

The  following  table  exhibits  the  solubilities  of  these  three  salts  at  12J^  and  100*^  C. 
(64®  and  212®  F.). 


Salu. 

Quaniitlei  di»»ol?ed  by  100  pit.  of  water 

at  I2{^  C. 

•t  lUQ^C. 

Sulphate  of  potassium 

10-5 

270 

Chloride  of  potassium  ..... 

32  0 

69-4 

Chloride  of  sodium 

35-5 

400 

It  must  not,  however,  be  forgotten  that  the  first  s<Autions  of  the  potassium-chloride 
render  the  sulphate  less  soluMe,  whereas  the  sodium-chloride  renders  the  potassium- 
sulphate  more  soluble  in  the  second  tye  than  in  pure  water. 

In  Scotland,  the  kelp  broken  into  small  pieces,  is  thrown  into  largo  cast-iron  vats 
containing  filters  made  of  straw,  dric<l  seawe<*d,  or  small  stones,  and  connect«-d  !>y 
pi|>es,  so  that  the  liquid  may  flow  from  one  to  the  other.  Water  is  poured  into  the 
first  vat,  filters  through  into  the  second, and  so  on,  becoming  continually  more  charged 
with  the  salts,  and  when  saturated  is  made  to  flow  into  an  underground  receiver,  whence 
it  ia  run  or  pumpc<l  into  the  boiling-pans.  When  the  liquor  in  a tank  falls  to  6® 
Twaddcil,  it  is  run  off,  and  the  lank  is  n-filled  with  fresh  kelp.  At  first  the  liquors 
stand  at  60®  T.,  but  by  the  time  the  Inst  vat  is  saturated,  they  fall  to  35®  T.,  below 
which  strength  no  liquors  are  evaporated.  The  filters  are  nmewed  at  every  fifth 
operation.  The  exhausted  mass,  still  containing  some  kelp,  is  sold  to  bottle  manu- 
facturers. 

The  kelp-liquor,  from  36®  to  50®  T.,  is  evaporated  in  iron  pans,  and  boiled  down  to 
60®  T. ; the  salt,  which  falls  in  great  quantities  during  the  evaporation  of  the  liquid, 
is  an  impure  sulphate  of  potassium ; it  ia  regularly  fished  out,  and  thrown  into  a 
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wo<Klf*n  vcwol,  with  u perforated  bottom.  Th<*  liquor  of  60'^  T.  is  allowe<1  to  aettU  aixi 
run  off  into  a co<jler,  wliere  the  chloride  of  potaft>«ium  crj'stallises  out.  Tlu*se  crjMali 
:m>  thrown  into  a basket,  and  allowed  to  drain.  The  mother-liqnor  is  botl^  op 
to  68^  T.,  when  sulphate,  chloride,  and  carbonate  of  sodium  salt  out,  and  are  drained 
in  the  same  way  aw  before.  The  liquor  is  hUowkI  to  cool  again,  aud  another  crop  u( 
chloride  of  potassium  is  obtaimil.  The  mother-liquors  an*  then  run  off,  tr.*ate^i  as 
before,  and  lH>iled  Up  to  7 T^  during  which  ofn^ration  the  same  sc»dium-»aits  separAt?, 
and  are  fished  out ; the  liquor  uptin  run  into  coolers,  furnishe*  a tliird  crop  of  ch!oride 
of  |M>(aa^ium.  During  the  erapomtion  of  the  first  liquor,  the  pan  is  occasionnlly  fe<l  with 
small  quantiti«^  of  kelpdiquttr,  but  during  the  Ixjiling  of  the  second  aud  thi^  liquors, 
nothing  but  the  com^sponding  mot  her- liquors  are  snpplicil.  The  salts  separatinz 
during  the  l>oiling  of  the  second  and  third  mother-liquors  are  sold  as  kelp-salts,  and 
contain  on  an  average  from  9 to  14  per  cent  of  alkali  i they  vary  very  much  in 
eotn{x>sition,  as  the  following  aiuilysMi  prove : 


Anaiyfrt  of  Krlp-*aits  (R  ichardson). 


Salt*. 

I. 

- 

3. 

i. 

Carlxmate  of  sodium 

108 

6-23 

15-04 

23-68 

Chloride  of  sodium  , 

8(l'6o 

69-97 

64*69 

41  17 

Sulphate  of  s^xlium 

10  03 

4-70 

15-27 

17  91 

Sulphate  of  potassium 
Chloride  of  magnesium  . 

7 47 

10  43 

traces 

trace 

Insoluble  inatters  . 
Water  .... 

1-60 

8-60 

4 74 

99-83 

99-74 

100-76 

The  first  cxystallisation  yields  about  86  to  90  per  cent,,  the  second  and  third,  96  to 
98  ^wr  cent,  of  pure  chloride  of  potassium,  whilst  the  fourth  contains  some  sulphate  of 
sodium. 

In  France  the  varec  is  sometimes  ground,  and  the  lixiriation  is  conducted  in  wooden 
tanks,  with  false  (perforated)  bottoms,  in  such  a manner  that  the  chlorides  of  potassium 
and  .sodium  are  first  extracted,  whilstthe  sulphate  of  pc)tas.*<ium  is  obtained  in  the  second 
lye.  Fn*sh  water  or  weak  lye  is  run  on  the  fresh  kelp,  ami  thence  over  kelp  which 
has  already  been  treated  with  water,  &c.,  &c.,  until  the  density  reaches  1T2  to  1*16. 
Theae  lyes  contain  large  quantities  of  tlie  chlorides  of  potassium  and  sodium,  whereas 
the  sulphate  of  pita-ssium  is  present  only  in  small  preportion.  The  residue  is  now 
treated  similarly,  until  the  lye's  stand  at  1*06,  and  contain  principally  sulphate  of 
pot^issium. 

The  lye  containing  the  alkaline  chlorides,  is  concentrated  up  to  1*333;  and  the 
chloride  of  sodium  deposited  is  fished  out,  and  thrown  into  wooden  hoppers  above  the 
jwvn.  The  suit  thus  obtained  contains  chloride  and  even  sulphate  of  potassium  ; to  re- 
move the.se,  it  is  thrown  into  wooden  boxes  with  false  bottoms,  and  whilst  the  lyc  from 
u previous  operation  is  run  upon  it,  a jet  of  steam  is  admitted  below  the  false  bottom ; 
the  whole  mass  is  stirred,  allowed  to  settle,  and  the  liquor  is  drawn  off.  This  operatioo 
is  repeated  until  the  solution  stands  at  1*27,  when  it  is  nin  off,  and  employed  as  above 
mentioned  for  another  portion  of  salt.  The  potaftsium-aalts  are  thus  almost  entirely 
n*moveti,  and  the  pure  sodium-chloride  is  drained  and  gently  dried. 

To  separate  the  chloride  of  potassium,  the  lye,  free  from  common  salt,  and 
standing  at  1*33,  is  drawn  into  coolers,  when*  the  chloride  of  potassium  crystallises  out, 
the  mother-liquor  retaining  iodide  of  potassium  in  solution. 

The  sulphateof  potassium  is  obtained  from  the  second  washings  of  the  varec, 

previously  explained!.  When  the  lye  is  ovaj-^orated  in  flat  iron  pans,  the  sulphate 
separates  in  small  crystals,  which  arc  drained,  w'asbed  with  lye,  and  then  with  cold 
water. 

The  sulphate  and  chloride  of  potassium  thus  obtained  may  be  converted  into 
nitrate  by  decomposing  them  with  an  equivalent  quantity  of  nitrate  of  sodium 
(p.  100). 

IIL  Fbom  Ska-wateb,  Brixb-spunos,  and  Saxt-bbds. 

1.  From  Sea^^cater, 

Potassium  occurs  in  sea-water  as  chloride  and  sulphate  to  the  average  amount  of 
0 267  pt.  in  1,000.  The  extraction  of  these  salts  from  sea-water  has  been  carried  on 


Digitized  by  Google 


FROM  SEA-WATER  AND  BRINE-SPRINGS. 


717 


in  the  south  of  France  for  the  last  ten  years  by  a process  deTwed  by  Balard  depending 
upon  the  natural  advantages  of  the  elirante,  namely  a powerful  summer’s  sun,  and  a 
sufficient  difference  of  temperature  between  day  and  night.  The  sea-water  is  first  left  to 
evaporate  during  the  summer,  in  shallow  j>onds  or  “salt-gardens,”  whereby  a con- 
siderable quantity  of  common  salt  is  obtained,  mixed  towards  the  last  with  sulphated 
magnesium  (see  Sodium,  Chloridr  op).  The  mother-liquor  having  a density  of  31®  H 
is  also  pa«sed  into  a series  of  shallow  ponds,  wher^'by  another  crop  of  common  salt 
is  obtained  during  the  day,  and  during  the  night  a mixture  of  sulphate  of  magnesium 
with  a double  sulphate  of  magnesium  and  pota»><iuni.  The  mother-liquors  from  these 
aalts  are  run  into  other  ponds,  where  another  crop  of  crystals  is  obtained,  consisting 
chiefly  of  a double  chloride  of  potassium  and  magnesium,  which  when  dissolved  in 
water  heated  by  steam  yields  chloride  of  |K)t»w*>iurn  on  cooling  (p.  718\ 

The  mixed  magnesic  and  potassio-magnesic  Kulphales  are  rc^lissolved  and  evaporated, 
whereby  the  double  salt.  K*3Ig'’S*0*.6H‘(),  is  obtaineil,  which  is  ustni  in  the  manufac- 
ture of  alum,  and  for  the  prc^uction  of  carlxjnatc  of  |wtsssium  by  I^eblanc’s  process. 
The  mother-liquor,  containing  only  the  Epsom-salts,  ia  worked  up  in  winter.  (See 
Sulphates.) 

The  salt-works  of  Baynas,  covering  a surface  of  about  370  acres,  jueld 


200,000  cwls.  of  common  salt. 

1,200,000  cubic  fel  t of  mother-liquors  at  31®  B. 


20,000  cwts.  of 
summer-salts. 


i 


11,000  cwts.  of  crystallisi*d  sulphate  of  magnesium. 

5{>otassium. 
sodium, 
magnesium. 


1,400,000  cubic  f«*ct  of  mother-liquors  yielding  in  winter  00,000  cwts.  of 


sulphate  of  sodium. 


The  produce  just  describod  is,  however,  attended  with  certain  inconveniences,  the 
chief  of  which  are  the  loss  of  saline  products  by  infiltration  during  the  long  sojourn 
of  the  concent  rated  liquids  in  the  siilt-gardcns,  and  the  reililution  of  these  liquids  by 
rain.  These  inconveniences  are  entirely  obviatisl  iu  the  iinprovKl  process  of  M. 
Merle,  which  consists  in  nahing  doitn  (he  conreutrated  aea^vater  (ry  artificud  refri- 
geration. For  this  purpose  the  sea-water,  after  being  concent  rated  in  the  salt-gnnlens 
to  T24  specific  gravity  (28®  B.V -at  which  dt^n'C  of  conceiitmiion  it  deposits  aU>ut  |th 
of  the  ftodium-chloridi-  containe»i  in  it  — is  diluUHl  with  about  10  j-cr  cent,  of  purr'  water 
(to  prevent  too  rapid  deposition  of  sodium-chloride  in  the  next  stage  of  the  proi'css), 
and  posmhI  tbn>ugh  a series  of  refrigerators  constructed  on  (.’arrc’.«*  principle  (IIkat, 
iii.  98 1,  in  which  the  sulphate  of  magnesium  and  chloride  of  smlium  are  converted  by 
mutual  dccom{)ositiou  into  cldoride  of  magnesium  and  sulphate  of  soilium,  the  latter 
of  which  separates  out.  The  mother-liquor  still  containing  a I'onsiderable  quantity  of 
sodium-chloride  is  then  run  into  lx>ilers,  wliere  it  is  Imilnl  down  to  1331  specific 
gravity  (36-^  B.),  and  deposits  iiearlv  the  whole  of  the  so<liuui-chloride.  The  remaining 
mother-liquor  containing  the  clilondcH  of  {lotnssium  and  magnesium,  is  passed  into 
shallow  coolers,  where  it  dojawiits  raagnesio-polassic  chloride,  and  from  this  the  chlorido 
of  potassium  is  extrai-ted  by  a process  similar  to  that  described  on  the  next  page. 


2.  Brine-sprivgs. 

The  potash  containeil  iu  tbe^e  springs  has  not  as  y**t  l>een  extracted  on  a niamifnc- 
turing  Kcaltf.  Margueritte  effl-els  it  by  passing  a curn-nt  of  hydrot'hloric  acid  gas 
through  the  mother-liquor  left  after  the  s<'(Mir>Uion  of  the  common  salt.  The  whole 
of  the  potassium,  whether  it  exists  in  the  solution  as  magnesio-potassic  chloride,  or  ms 
sulphate,  i.s  then  preripiUited  in  the  form  of  chloride.  The  pa^^sage  of  the  gas  is 
facilitati-d  by  keeping  the  liquitl  in  i^nstaut  agitation  (see  T^chnolo^t/,  i.  [3]  54(>).  The 
method  is  likewiso  applicable  to  the  preparation  of  potassiuni-chliiruie  from  the  mother- 
liquor  of  sea-water,  salt-rniirslies,  Ac. 

The  fKitas-ium  may  also  be  separated  from  such  liquids  by  taking  advantage  of  the 
action  of  lime  on  sulphate  of  magnesium,  whereby  the  latter  is  eonverli-d  into  nearly 
insoluble  sulphate  of  calcium.  A milk  of  lime  prepared  with  a strmig  solution  of  safl 
is  addl'd  to  the  mother-liquor  of  salt-works,  in  sufficient  quantity  to  decompose  the 
sulphate  of  magnesium.  Tlu<  w'hole  is  boiled  and  allowed  to  settle;  and  the  common  salt 
is  left  to  separate  from  the  liquor  in  the  usual  salting  {tans,  until  the  chloride  of  potas- 
sium liegins  to  appear,  when  a small  quantity  of  chloride  of  soilium  and  chloride  of 
potassium  crystallises  out  as  the  liquor  cools.  When  the  temperature  falls  to  140^— 
160®  F„  tlie  liquor  is  run  oflT  into  another  cooler,  where  the  chloride  of  potassium 
crj’ftullisi-s. 


Digitized  by  Google 


718 


POTASSIUM-SALTS,  MANUFACTURE  OF, 


8.  Preparation  of  PotaMtum-ehiaridt  from  the  Salt’hede  of  Statf‘furih, 

The  occurrence  of  a deposit  of  magncsio-potasaic  chloride  above  the  rock-salt  of  Su*i- 
furth  near  Magdeburg,  has  been  already  mentioned  (p.  607).  The  saline  deposit,  which 
is  of  great  extent  and  thickness,  is  situated  partly  in  the  Prussian  territory,  partly  in  the 
Duchy  of  Anhalt,  To  the  north  of  th<*  town  of  Stassfurth,  the  saline  deposits  0Te^ 
lying  the  pure  rock-salt  have  a thickness  of  187  metres  and  may  be  dividtAl  into  four 
princijinl  layers,  the  limits  of  which  are  fiowever  not  very  well  defined  : 1.  Immedisleij 
alxjve  the  pure  rock-salt  is  a l;ed  107  metres  thick  composed  of  layers  of  chloride  of 
sodium  interspersed  with  thin  veins  of  anhydrite^  CaSO*, — 2.  Above  this  is  a similar 
IkhI  315  meln>8  thick,  in  which  the  anhydrite  is  replace*!  by  po/^Art//Yc,K*Ca*Mg(SO*)*. 
2IFO ; in  this  l>ed  also  the  chloride  of  sotlium  liegins  to  l^  interspersed  with  pmall 
quantities  of  maimesiopotnssic  ehloride.— 3.  Kirecrite  bed.  28  metres  thick,  consistiag 
of  layers  of  ki«*scrite  MgSOMPO,  alternating  with  layers  of  magnesio-potassic  chloride, 
the  proportion  of  kicserite  being  jzreatehl  in  the  upj;)er  part.  Tlie  average  composili^ai 
of  this  bed  is  05  j»t  cent,  chloride  of  sodium,  17  ki«serite,  16  magnesio-potasac 
chloride,  and  2 anhydrite. 

•4.  Carna'lite  btd,  20'5  metres  thick,  containing  large  quantities  of  camallite 
2KCl.Mg(.'lM2H*0,  cspi'cmlly  in  the  upper  part,  alternating  with  rock-salt  and  kiese^ 
ite.  Its  average  eomp«Jsition  is  65  per  c«*nt.  camallite,  25  rock-s;ilt,  lOkioserite,  and 
4 hydmtid  chloride  of  magnesium.  It  contains  also  a few  thin  veins  of  tarkydritr, 
CaCl*.2MgCl*.2H*0,  of  eyt  vine  or  pure  chloride  of  potassium,  and  tuberosities  of  boraeiie, 
3MgO  B'U*,  often  enchising  nodules  of  camallite  or  tachydrite.  All  the  salts  com- 
posing this  lied  are  very  deliquescent. 

The  composition  of  these  beds,  the  most  soluble  salts  occupying  for  the  most  part 
the  highest  positions,  leiMla  to  the  supposition  that  they  hare  l>een  dejKisitod  by  the 
gradual  drying  up  of  an  inlaml  sea  or  sull-water  hike;  but  their  gr»*at  thickness,  and 
the  oei'asional  occurrence  of  veins  of  the  less  soluble  in  the  midst  of  the  mor«U‘oluhP 
salts,  nuider  it  necessary  to  suppose  that  the  waters  of  the  lake  were  continually 
renewed,  either  by  the  proilucts  of  the  solution  of  neighbouring  saline  dejx»sits,  or  by 
the  waters  of  the  ocean  which  formerly  covered  the  plains  of  Northern  Genrnny. 

Tile  |MTcentage  eomjiosition  of  pure  enmall  ite  and  tliat  of  two  specitmms  from  St;u«furtli 
as  determined  by  analysis — a.  by  llammelsberg  (Pogg,  Ann.  xciv.  508);  b,  by 
Oesten(i5«/.  xcviii.  161)— is  given  in  the  following  table;  also  the  average  compositioa 
of  the  **potu6h-8alt'*  supplied  to  tlie  works  fur  the  extraction  of  chloride  of  potassium. 


CtIculatffL  Anal]T»et.  Ater«ir<' con- 

f ,A  - - pofUion 

2KC1.M||C|2.12HH}  a.  b.  *‘poc«sh-ult.* 

Chloride  of  potassium  ....  26*88  27*44  24*27  16 

Chloride  of  magnesium  ....  34*20  35*03  30*98  20 

Chloride  of  soilium  . . . ...  , . 4*82  25 

Chloride  of  calcium . . 2*82 

Sulphate  of  calcium  (anhydrite)  . ...  . , 105 

Sulphate  of  magnesium . . . . 10 

Ferric  oxide,  &c . . 0*14  ( 

Water 38*92  37*53  35*92  ^ 


100-00  10000  10000  100 

The  preparation  of  chloride  of  potassium  from  the  “potash-salt’’  depends  upon  the 
fact  that  camallite  forms  only  in  solutions  containing  excess  of  chloride  of  magnesium, 
so  that  when  the  salt  is  dissolveil  in  hot  water,  and  the  solution  is  left  to  cool,  no  double 
salt  8cpanit«*«,  but  the  more  soluble  chloride  of  magnosiura  rc-mains  in  solution, 
while  part  of  the  chloride  of  potassium  crystallises  out.  The  mother-liquors  are  tlien 
further  treated  for  the  reooverv  of  tlie  remaining  quantity. 

The  “potash-salt”  is  first  diH8oh*i*d  in  cold  water;  the  solution  is  heated  by  a steam 
pipe  conveying  stt^am  at  120®,  and  continually  stirred  by  revolving  arms,  to  facilitate 
solution ; and  the  liquid,  after  standing  for  ten  hours,  is  dccantcil  from  the  imnduble 
matter.  The  clear  solution  marking  32®  B.  is  completely  saturated  with  chloride  of 
potassium  and  chloride  of  m.Tgnosium,  and  contains  also  small  quantities  of  ehloride 
of  sodium  and  sulphate  of  magnesium.  Itistransfeired  to  aseries  of  i-rystallising  vt'ssels 
in  which  crystals  are  dcposjt**d  containing  from  GO  to  70  per  cent,  chloride  of  potas- 
sium. a charge  of  20,000  kilogrammes  of  “potash-salt  ” yielding  from  16,000  to  17,000 
kilogrammes  of  this  impure  ehloride  of  potassium.  The  crystals  art*  w-ashed  with 
water  to  remove  the  adhering  mother-liquor  and  the  cliloride  of  magnesium,  after  whi-^h 
they  contain  80  per  cent,  chloride  of  jxitassiuin. 

The  mother-liquors  toji^ther  with  the  wa.'*Ii-wntcrs  are  concentnitcfl  to  36®  B. 
Chloride  of  so<limn  is  then  dej>o.«ited  while  cliloride  of  magnestiiin  and  chloride  of 
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potawiiuin  remain  in  solution,  and  as  the  former  is  in  excess,  the  solution  on  cooling; 
depoitits  crystals  of  artiticial  camallite,  which  arc  treated  in  the  same  manner  as  the 
original  potash«salt. 

The  salt  deposited  during  the  concentration  of  the  above-mentioned  mother-liquors 
contains  65  per  cent-  chloride  of  sodium,  30  per  cent-  magnesio-potAssic  sulphate, 
K’Mg‘'(S0*)*.6H’0,  and  from  3 to  6 per  cent.,  chloride  of  potassium.  By  washing  it 
on  doth  filters,  about  Imlf  the  chloride  of  potjissium  is  r<‘moved,  and  the  wash-waters 
are  used  to  dissolve  a frt'sli  portion  of  the  “ jiotiish-saU.” 

The  mother-liquors  remaining  after  thcdepo.sition  of  the  artificial  camallite  contain 
80*2  per  cent,  chloride  of  magnesium,  2*5  per  cent,  sulphat»>of  magnesium,  0 2 chloride 
of  sodium,  2'3  chloride  of  potassium.  Tiiey  were  formerly  thrown  away,  but  are  now 
used  for  tlie  preparation  of  magnesium-salts. 

The  chloride  of  potassium  sent  int<»  the  market  from  the  Douglas  works  at  Stassfurt h 
contains  82  00  pt*r  cent,  pure  chloride  of  |iotassiuin.  15  o0  chloride  of  sodium,  0 50 
sulphate  of  potassium,  0 50  sulphate  of  magnesium  and  120  water.  Tl»e  last  of  these 
impurities  is  the  most  injurious  m the  several  applications  of  the  salt. 

Other  potas.sium-.s;ilu  are  also  prepared  at  Stassfurth. — The  chloride  is  converted 
into  sulphate  by  double  d<‘ComjK>siitiou  with  sulphate  of  magnesium  ; but  the  mode 
of  conducting  the  process  is  kept  secret. 

2.  The  sulphate  is  converted  into  carbonate  of  potassium  by  a process  analo- 
gous to  that  of  Leblanc  for  the  manufacture  of  sodic  carlx)nate(i.  792);  but  this  branch 
of  the  manufticturo  has  hitherto  been  carried  out  only  on  a small  scale. 

3.  Saltpetre  is  prepared  from  the  chlorid*'  of  p<^taHsium  by  double  decom\M)Kition 
with  nitrate  of  sodium  (see  Xitkates,  p.  100).  (Tor  further  details  see  Joulin, 
Bull.  Soo.  Chim.  i860,  i.  323,  401.) 

The  rt\sidue  left  on  dissolving  the  crude  potash-salt  in  water  (p.  718)  consists  of 
20  to  30  per  cent,  kioserite,  lIg''SOMl®0.  60  to  75  chloride  of  soilium.  and  10  to  15 
per  cent,  insoluble  substances.  It  is  used  for  the  manufacture  of  sulphate  of  sodium. 
(See  SULPHATB-S.) 


IV.  From  Felspar  aivd  other  Sijjcatrs. 

Fuchs  was  the  first  to  attempt  the  extraction  of  potash  from  the  feUpars  and  micas 
by  calcining  them  with  lime,  and  then  lixiviating  the  frit.  NurneroiLS  procoAscs  have 
been  published  since. 

1.  To  obtain  the  alkali  as  hydrate  or  carbonate  of  potassium,  lAwrence  heats 
the  mineral,  throws  it  into  water,  and  grinds  it  to  a fine  jKiwder,  which  is  mixed  with 
damp  Siiwdust,  pibsl  np  in  henpa.  with  alternate  layers  of  straw,  and  watcntl  now  and 
then  with  urine  or  other  nitrt^nous  liquids.  Th«»se  heaps  are  allowe<l  to  ferment 
during  six  months,  then  mixed  witli  thick  cmim  of  lime,  and  made  into  bricks  which 
are  calcined  at  a high  temp»*rature.  On  lixiviatiou,  the  {>otash  dissiolvcs,  whilst  the 
silicate  of  calcium  remains  be  hind  os  residue. 

In  Hack's  and  Meyer's  proc<*sses,  which  are  similar  to  each  other,  an  intimate  mix- 
ture of  100  pts.  of  fels|iar  and  from  139  to  188  pis.  of  lime  is  heated  for  some  hours 
at  a U'mp.rature  between  a bright  red  and  white  heat,  then  ground  to  powder,  and  boiled 
from  two  to  four  hours  under  a pn*ssiirc  of  eight  atmospheres  ; a caustic  lye  free  from 
lime  hihI  containing  all  the  soda  and  from  9 to  11  t>er  cent  of  potash  (of  the  weight  of 
the  mineral)  is  thus  obtained.  Thi.s  lyc  is  saturateii  with  cari)onie  acid  and  evaporated, 
during  which  alumina  and  silica  are  first  precipitate<l.  after  which  the  carbonate  of 
sodium  salts  out,  leaving  the  enrl>onate  of  potassium  in  solution. 

F.  O.  Ward  uses  fluor-spar  toge  ther  with  lime,  ancl  wlnm  the  residue  is  to  be 
employed  in  the  manufa<*tnre  of  cement,  adds  a clay  rich  in  alumina.  The  proportion 
of  fluoride  of  calcium  he  recommends  to  be  alx>nt  7 or  8 per  cent,  of  the  mixture,  which 
is  then  calcined  in  a reverl>eratory  furnace  at  a bright  red  h«*at,  after  which  the  mass 
is  lixiviated  in  the  ustml  manner;  the  liquor  is  boiled  down,  freed  from  the  ailien 
(al>out  25  per  cent.)  which  precipitates  on  treating  the  liquid  with  carbonic  acid, 
leaving  carlxumte  of  potassium  in  solntion. 

2.  To  obtain  the  alkali  as  sulphate  or  chloride  of  potassium,  Tileliman 
mixes  2 pts.  of  felspar  (e<»ntaining  16  per  cent,  potasli)  with  1 pt.  of  lime  ana  1 pt. 
of  sulphate  of  calcium  or  barium  ; grinds  the  whole  to  a fine  powder  ; an<l  heats  tho 
intimate  mixture  to  bright  n*dness  for  ulamt.  eight  hours,  without  fusion  of  the  mass. 
The  atmospliero  ot  the  furnace  ha.s  to  Ije  carefully  pri*served  in  an  oxidising  condition 
by  the  admission  of  a sufficient  quantity  of  air.  The  mstss  is  then  repeatcilly  lixiviated 
with  hot  water,  and  the  solution  of  sulphate  of  potassium  is  cvaporatc<l  (the  sulplihte 
of  calcium  or  barium  winch  deiiosits,  l>eing  continu.ally  removed).  To  obtain  chloride 
of  potassium,  ground  pot:ish-feIspar  and  the  chloride  of  either  sodium,  calcium  or  iron 
is  lieate^i  f .r  al>ont  six  hours  to  bright  redness  in  an  in>n  cylinder,  the  hint  Iteing  so 


Digitized  by  Google 


720 


POTASSIUM-SALTS,  MANUFACTURE  OF, 

rcjO^iUted  as  to  be  aboTe  the  melting  point  of  the  chloride  emploved,  but  below  that  of 
the  felspar;  the  charge  is  raked  into  an  iron  Teasel  and  immediately  covered,  until 
quite  cool ; the  mass  is  then  lixiviated,  and  the  chloride  of  potassium  obtained  from 
the  solution  in  the  usual  manner. 

3.  To  obtain  the  alkali  as  potash>aIum,  Sprengel  mixed  the  finely-ground  mineral 
with  strong  sulphuric  acid  to  the  consistency  of  a thin  paste,  and  left  it  thus  for  two 
months ; on  lixiviating  the  muss  with  a large  quantity  of  water  and  e\*nporation  s 
pure  alum  of  the  usual  crystalline  form  was  obtained.  Turner  employed  sulphate 
of  potassium  instead  of  sulphuric  acid,  and  mixed  the  ground  felspar  with  its  own 
weight  of  the  sulphate.  This  mixture  was  tlirown  on  the  white-hot,  inclined  bed  of 
a reverberatory  furnace,  and  to  the  glass,  which  forms  and  flows  to  the  sock  of  the 
furnace,  carl)onate  of  pota&sium,  equal  in  weight  to  the  sulphate  used,  was  gradually 
added.  This  operation  was  repeated  until  the  s<X“k  of  the  furnace  was  filled  with  glass. 
On  Itoiling  this  glass  with  water,  two-thinls  of  the  silicii  in  the  felspar,  in  combination 
with  part  of  the  potash,  was  dissolvid,  and  a porous  mass  was  left,  which,  when  boiled 
with  Ailute  sulphuric  acid  of  specific  gravity  1**20  in  leaden  pans  (160  lbs,  of  dry  acid  to 
ever}*  285  lbs.  of  felspar),  yielded  a solution,  which  when  concentrated,  produced  crystals 
of  alum.  To  obtain  carbonate  of  potassium  fn^ra  the  al>ove  silicate  of  potassium 
liquors,  they  are  treated  with  carbonic  acid  to  precipitate  the  silica  ; to  obtain  caustic 
potash  the  same  liquors  are  filtentl  through  a b^l  of  lime,  which  retains  the  silica. 

None  of  these  processes  have  however  yet  been  carried  out  on  the  manufacturing  scale ; 
BO  that  hitherto  the  immense  ston-s  of  potash  in  the  alkaliferous  rocks  have  been  only 
indirectly  available  for  the  purposes  of  industry,  namely  through  the  medium  of  plants, 
which  extract  the  potash  from  the  soil.  Mr.  SVard’s  process,  called  the  **  calcifluoric 
attack,”  seems  however  to  hold  out  the  best  promise  of  success.  The  addition  of 
fluor-spar  greatly  facilitates  the  decomposition  of  the  silicate,  and  enables  it  to  l>e 
effected  at  a temperature  lower  than  would  bo  necessarv*  if  lime  alone  were  used  ; 
moreover  tlie  process  yiM<is  the  alkali  at  once  in  the  caustic  or  carbonated  state, 
whereas  in  most  of  the  other  processes  in  which  an  acid  material  1ms  been  added  to 
facilitate  the  deeonq>osition,  the  alkali  has  remaiued  in  combination  with  the  acid,  re- 
quiring a subsf'qucnt  process  of  sepimttioa. 

V.  Potash  from  Wool. 

If  is  well  known  tlwt  sheep  draw  from  the  land  on  which  they  graze  a considerable 
quantity  of  potash,  which,  after  circulating  in  their  blood,  is  excreted  from  the  skin 
with  the  sweat.  C'hevreul  pointed  out  that  this  peculiar  compound,  which  the  French 
call  “ suint,”  forms  no  less  than  a thii^l  of  raw  merino  wool,  from  which  it  may  be 
r<*adily  dissolved  out  by  simple  immersion  in  cold  water.  In  ordinary  wool  it  is  less 
abundant,  and  according  to  MM.  Maumen^  and  Rogelet,  the  potassic  sudorate  or  suint 
of  ordinary  wool  forms  on  the  average  alanit  14  per  cent,  of  the  raw  fle<*ce.  Tliis 
compound  is  not  a soap,  as  was  formerly  sup(H>se<l,  the  grease  of  the  wool  (al>out  84  per 
cent.)  l>eing  in  fact  cnmbine<l  with  earthy  matter,  chiefly  lime,  as  an  insoluble  soap. 
The  soluble  sudorate  is.  according  to  Maumen^  and  Kogelet,  the  pota^sium-ealt  of  ^ 
peculiar  animal  acid  containing  nitrogen. 

Maumen^  and  Rogelet  r»*oover  the  |>otash  from  this  compound  on  a manufacturing 
scale.  The  word  is  placed  in  casks,  pressed  down  as  much  as  {>ossible,  and  cold  water 
is  poure«i  over  it.  No  gr»'asy  particles  esca|>e  with  the  brown  solution,  and  all  sand, 
&e.  is  retaine<l  by  the  wool,  which  a<’ts  like  a filter.  The  solutions  (of  specific  gravity 
1*10)  are  boiled  down  to  dryn(*ss ; the  smlorate,  which  has  the  appearance  of  baked 
molasses,  is  broken  into  lumps  and  calcined  in  retorts.  The  residue  is  lixiriated,  and 
the  liquors  boilcKl  up  to  30®  and  even  60°  B.  The  chloride  and  sulphate  of  potassium 
ciy  stallise  out  on  crsjling,  and  the  mother-liquor,  when  boiled  down  to  dry  ness,  yields 
carlionate  of  potassium.  fr*‘e  from  soda. 

The  production  is  generally  140  to  180  lbs.  of  dry  sudorate  of  potassium,  or  70  to  90 
Ib^.  of  pure  carl>oiiate,  and  6 to  6 ll>s.  of  sulphate  and  chloride  of  {K>tassium  from 
every  1,000  lbs.  of  raw  woo].  Hofmann’s  Utjjort  on  the  Chtnucal  Prodvets  ta 

thr  intf-rnational  Exhibition  of  1862,  p.  42.)  T.  R. 

IPOTATO.  Sotaniim  tulifrosum. — Potatoes  (the  tubers)  contain,  according  to 
If  enneberg,  Ann.  Oh.  Pharm.  Ixix.  336),  0 34  per  cent,  nitrogen,  and  75*80  per  cent, 
water.  A white  variety  analysed  by  Grouven  (Jahresb.  1857,  p.  620)  exhibited  the 


following  composition  : 
nitrogen. 

a,  w’hon  grown  with  mineral 

manure 

; 5,  with 

manure 

rich  in 

W-»trr. 

amreh. 

Prolrtn  tJorn, 

Pentriti. 

SuRar 

Fat. 

F.xCrartif* 

matter. 

Cellu- 

Inae. 

Ath. 

o.  76-iO 

14  91 

217  2*34 

0 15 

0 29 

1-70 

0*99 

100 

h.  75-20 

15-58 

3 60  1 29 

MI 

0 31 

1 99 

1*03 

0-90 

Digitized  by  Google 


POTATO. 


721 


According  to  J.  J.  Pohl  (Wien.  Akad.  B<»r.  riu.  42  ; Jahreab.  1852,  p.  811),  the 
pereontagy^  of  dry  substance  and  of  starch  iu  potatoes  varies  with  their  specific  gravity 
as  follows 


Specific 

Dry  fubeunce 
in  100  pt*. 

Starch  in 

SpMlfle 

Dry  tubaUuce 

St.rrh  in 

grsTitf. 

100  pea. 

in  100  pta. 

100  pu. 

1090 

23  84 

1638 

1-106 

27  54 

20-05 

P091 

24  09 

16*81 

1-107 

27-97 

20-45 

P093 

24-57 

17-11 

1-108 

28-10 

20-69 

1094 

24-98 

17-52 

1-110 

28-99 

21-32 

1099 

25-93 

18-43 

1-116 

29-50 

21-96 

PlOl 

26-45 

18-98 

1-123 

31-64 

24  14 

See  also  Liidersdorff  (DingL  pol.  J.  Izv.  48),  and  Von  Balling  {GdhmngMckrmift 
ii.  54,  and  SuppL,  p.  43  ; also  A.  Vogel  (Chem.  Centr.  1862,  p.  334). 

A ready  method  of  determining  the  average  specific  gravity  of  a sample  of  potatoes 
is  to  throw  a number  of  them  (6—  12)  into  a strong  solution  of  common  salt,  and  dilute 
the  liqnid  with  water  till  some  of  them  sink  in  it,  while  others  float.  The  dilute  salt- 
solution  has  then  the  mean  specific  gravity  of  the  sample,  which  may  accordingly  be 
determined  by  the  hydrometer.  (Frosenius  aud  Fr.  Schulze,  J.  pr.  Chem.  li. 
436.) 

On  the  nutritive  value  of  potatoes,  as  oompared  with  the  tubers  of  other  plants,  see 
i.  350,  844;  ii.  710. 

Ash  of  Potato-tiUterB  (T.  J.  Herapath,  Chem.  Soc.  Qu.  J.  ii.  4). 


“ White 
apple." 

“ Prince** 
bcautr.*' 

“ Ashridee 
kidney?^ 

1 . . 

Ash  in  100  pts.  of  the  plant  | 
Ash-constituents  : 

fresh 

dried 

1-30 

4-82 

1-06 

3-63 

1-27 
4 36 

1-09 
3 46 

0-88 
3 97 

A.  Soluble: 

Carbonic  anhydride  . 

21-06 

16-67 

21-40 

18T6 

13-33 

.Sulphuric  anhydride  . 

2-77 

4-94 

3-24 

6-60 

6-78 

1 Phosphoric  anhydride 

6-72 

8-92 

3'77 

6-67 

11-43 

j Potash  .... 

63-47 

64-17 

55  61 

55  73 

53-03 

Soda 

trace 

trace 

trace 

trace 

trace 

Chloride  of  sodium  . 

trace 

trace 

trace 

trace 

2-09 

B.  Insoluble: 

Calcic  carbonate 

0-84 

205 

3-02 

1-95 

2-29 

.Magnesic  carbonate  . 

3-53 

0-27 

1 26 

2-56 

0-57 

Calcic  sulphate . . • 

trace 

trace 

0-12 

trace 

truce 

Tricalcic  phosphate  . 

3*36 

0 68 

3-83 

5-37 

2*86 

Trimagnesic  phosphate 

9-26 

12  30 

7-55 

3'54 

7-62 

Basic  ferric  phosphate 

trace 

trace 

0 06 

trace 

trace 

iSilics  .... 

trace 

trace 

012 

trace 

trace 

100-00 

100-00 

99-98 

99-58 

100-00 

Soluble  in  water,  per  cent. 

83-02 

84-70 

84-02 

86-16 

86  66 

Insoluble  „ „ 

■ 

16-98 

15-30 

15  96 

13  42 

13  34 

See  also  analyses  by  O.  F.  Walz  (Juhresb.  1850,  Table  C.  to  p.  661).  For  a com- 
parison of  the  Hsh  of  healthy  and  diseasetl  potatoes;  (j  riepeiikerl  (Ann.  C'h.  Phuriu. 
Ixu.  354  ; Jahresb.  1849,  p.  685);  also  O.  Kemp  (Chem.  tJaz.  1847,  pp.  69). 

The  following  table  exhioits  the  amount  and  composition  of  the  ash  of  the  stems  snd 
tubers  of  the  potato,  as  determinetl  by  W ay  and  Ogston  (.Journal  of  the  Royal  Agri- 
cultural Society,  xi.  [2J  529;  Jahret‘b.  1850,  Table  C to  p.66l):  also  of  thetulwrs  by 
J.  Moser  (J.  pr.  Chem.  Ixi.  321;  Jahresb.  185.3,  p.  580),  and  by  Schulz-Fleet  h 
(Pogg.  Ann.  xeii.  266;  Jahresb.  1854,  p.  665);  also  by  the  latter,  of  the  petd  cut  from 
boileii  potatoes  ; of  the  residue  (impure  cellulose)  obtainetl  l*v  wa«hing  the  finrly-ground 
potatoes  on  a sieve  with  water  ; and  of  the  dried  jui<*e  ubtaiuHl  by  washing  the  ground 
tubers  with  water,  filtering  quickly/  heating  the  liquid  to  i't>agulaie  the  albumin, 
s^'p.'irating  the  clear  juice  therefrom,  and  evaf*omtiiig, 

Voi..  IV.  3 A 
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From  exp**rimrnt^  ma<leby  Nagel  i and  Zol  ler  on  the  growth  of  potatoes,  Liebig 
(Ann.  Ch.  Pharm.  cxxix.  287)  concludeK  that  in  a soil  containing  the  average*  amount  of 
nitrogen,  ammonia  may  be  dispensed  with  as  a constituent  of  the  manure  for  potatoes, 
without  impairing  the  cn^p  ; tlmt  for  a soil  rich  in  potash,  the  addition  of  phosphates 
is  absolutely  necessaty'.  and  in  a soil  poor  in  potash  (but  containing  a sufficiency  of 
phosphoric  acid)  the  addition  of  wood-ash  is  essential  in  order  to  ensure  an  increased 
production  of  the  tulMJrs.  These  exjM‘riments  also  showed  that  when  potatoes  are  grown 
under  otherwise  equal  circumstanc<^,  in  peat,  either  in  its  natural  state  or  manured 
with  phosphoric  acid  and  ammonia,  two*thirds  of  them  became  putrid,  whereas 
those  gP3wn  in  peat  mixeil  wilh  alkaline  pliospliates,  carbonate  of  potassium,  and 
gypsum  were  j>erfectly  frt*e  from  disease. 

The  juijfi  of  p^latoe.s  coutaina  asparagin  and  malic  acid  (Hirsch,  Ann.  Ch.  Pharm. 
li.  246  ; Ludwig,  Arch.  Pharm.  [2]  evii.  10;  Jahresb.  1S61,  p.  740).  The  aqueous 
extract  of  the  tul*crs  contains  a glucosule  soluble  in  alcohol.  (Ludwig.) 

On  the  potato-disease,  see  Jahresb.  1847 — 48,  p.  1 105;  1849.  p.  704  ; 1850,  p.  642. 

1POTA.TO«l*AT.  Fresh  potatoes  contain,  on  the  arerage,  0*73  per  cent,  of  fat 
extractable  by  ether,  al>out  half  that  quantity,  but  of  different  cou.stitution,  existing  in 
the  pool.  When  the  juice  of  brui«e<l  potato«‘a,  fnim  which  the  starch  has  »ettle<l 
down,  is  hcateil  to  l>oiiing,  alhnniin  and  fat  separate  out,  and  the  latter  may  be 
extracted  by  ether.  Peeled  potat<M*»  thus  treated,  yield  a comparatively  light -coloured 
solid  fat:  uupeeled  potatoes  a dark  liquid  fat.  By  evaporating  the  ethert'^al  solution, 
there  are  ol)tained  from  peeled  potatoes ; a.  White,  slender,  stellate  needles,  which  turn 
brown  at  270®,  without  medting,  are  not  saponifiable,  resemble  suberin,  and  contain, 
on  the  average,  71'34  percent.  C,  10-8  H.  and  15  68  0. 

A.  The  raf^tlier-liquor  leaves  when  evaporated  a yellow  buttery  fat,  consisting  of  a 
mixture  of  fatty  aciiis.  fm*  fr'm  glycerides,  and  ea-sily  soluble  in  aqueous  carlxmate  of 
sodium.  This  fat  melts  at  42*6®,  contains  between  70*5  and  75*8  ptTcent.  C,  10*7  and 
11*7  H,  and  alters  qtuckly  in  contact  with  the  air.  By  sajionifleation,  decomposition 
with  hydrocliloric  acid,  and  solution  tn  aqueous  alcohol,  it  yields  crystals  of  fatty  acitls 
melting  at  52®.  On  dinsolving  these  in  alcohol,  and  mixing  the  solution  with  a small 
quantity  of  neutral  acetate  of  lead,  thin  laminse  erj’Stallise  on  cooling,  from  which  an 
acid  nndting  at  50®  may  lx*  scp«mte<l.  The  mother-liquor  mixw!  with  a Urge  quantity 
of  neutral  acetate  of  lead,  yields  the  lea  1-salt  of  an  acid  melting  at  S'*®.  The  acid 
melting  at  50®,  Eichhom’s  Mtfanmtenric  acid^  is  difficult  to  crystallise  ; its  silver-salt 
contains  6105  per  cent.  C.  8*86  H.  6*98  O,  and  33*11  Ag’O.  agreeing  approximately 
with  the  formula  C‘^H=*AgO*.  This,  or  a similarly  constituted  acid  (73*79  per  cent, 
C,  12*52  II.  and  74*63  C,  13*09  H),  is  likewise  obtained  by  the  distillation  of  potato- 
fat.  It  is,  aecjjnling  to  Heintz,  a mixture  of  palmitic  and  inyristic  acids. 

r.  Fnpeeled  potatoes,  cut  in  slices,  dried  at  100®,  pulverised  and  exhausted  with 
alc'ohol,  yield,  after  evaporation  of  the  alcohol,  an  extract,  from  which  ether  dissolves 
a brown  syrupy  fat.  On  dissolving  this  in  potash-ley,  separating  if  out  again  witli 
acid,  and  mixing  it  in  alcoholic  .solution  with  ammonia  and  chloride  of  barium.  l)arium- 
sjilts  of  the  above  mentioned  solid  fatty  acids  are  precipitated,  while  Eichhoni’s  mlan- 
offic  acid  remains  dissolved,  and  may  be  ebtaineu  by  evaporation  aa  a viscid  barium- 
sjilt,  from  which  alcoholic  hy<iroohloric  acid  separates  the  acid  still  coloured  brown. 
This  sulanoleic  acid  is  not  converted  into  elaidic  acid  nitrous  acid,  and  is  but  par- 
tially, or  not  at  all,  precij>itat4Hi  from  its  alcoholic  solution  by  alcoholic  neutral  acetate 
of  lend  It  occurs  also,  though  in  smaller  quantity,  in  the  fat  of  peeb*d  potatoea. 
(Eichhorn,  Pogg.  Ann.  Ixxxvii.  227.) 

POTATO  rV8ZXM>IXM  See  Fuskl-oii.  (ii.  753). 

POT8TOITS  or  (dlarix,  A term  applied  to  the  coarser  granular  varieties  of 

ateatite,  of  dark  colour,  and  raoit*  or  less  impure. 

POTTSR*a  CZtAT.  See  Clay  (i.  1024). 

POTTSRT*  See  Ure'»  Dictionarjf  of  Arts,  Manufactures  and  Mines  (lii. 
485—509). 

POtmr3CA.  Syn.  with  Borax. 

POintPRXTS.  A blackish-red  colouring  matter  contained  in  the  sediment  of 
old  wines.  It  is  insoluble  in  water,  soluble  in  strong  sulphuric  acid,  and  is  precipitatiil 
therefrom  on  addition  of  water;  soluble  in  150  pts.  of  alcohol  of  80  per  cent.;  l<-ss 
soluble  in  stronger  alcohol,  quite  insoluble  in  ether.  (Batilliat,  7rri//r  sur  Us  fins 
dr  la  Franct.) 

POWSSR.  See  OrNPowDER. 

POWRSR  OF  AXtOAROTB.  Precipitated  oxychloride  of  antimony  (i.  327). 

3 A 2 
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724  POZZUOLANA— PREHNITE. 

POBZTTO&AirA.  Poiiotana.  Puzrolana. — A volcanic  product  occurring  n«r 
PoizuoU  between  Rome  and  Naples;  also  in  other  countries  in  the  neighbourhood  of 
extinct  volcanoee,  in  the  Auvergne  district  for  example.  It  is  a grey  or  yellowish- 
brown  mnsa,  having  a fine-grained  or  earthy  fracture,  and  forms  one  of  the  liest 
materials  for  mixing  with  lime  for  the  preparation  of  hydraulic  mortar,  for  which  pur- 
pose it  was  used  by  the  Romans.  The  Italian  pozzuolana  contains,  according  to  Ifcr- 
thier,  per  cent,  silica,  lo  O alumina,  8'8  lime,  47  magnesia,  12  0 ferric  oxide, 

1- 4  iHitash,  41  soda  and  9 5 water. 

PAASB.  a leek-grecn  variety  of  massive  quarts. 

BBASBOCOBAIiT.  WTipn  dry  roaeo-cobaltic  sulphate  (i.  1053)  is  slowly  hmtwl 
to  the  melting  |«int  of  lead,  till  it  acquires  a purple-lilac  colour,  the  residue  then 
dissolved  in  hot  water,  and  the  purple-red  solution  mixed  with  excess  of  hydrochlonc 
acid,  an  orauge-colouretl  precipitate  is  formed  containing  luteo-coballic  sulphate  and 
chloride,  while  the  supernatant  liquid  contains  luteo-cobaltic  and  purpureo-cohallic 
chlorides,  together  with  a leek  green  crystallisable  salt,  the  base  of  which,  not  yet 
examined,  is  designated  by  Gibbs  and  Genth  (Jahresb.  1857,  p.  237),  as  prsseo- 
cobalt. 

A nsanT-TTB-  A hydrous  dichro'ite  from  Brakko  in  Norway  (iL  321). 

PKASIM'.  A cupric  phosphate  from  Libelhen  in  Hungary,  chemically  identical 
with  phosphoehalcite  (p.'CGI).  (Church,  Chem.  News.  x.  217;  Jahresb.  1864, 
p.  862.) 

yj^j^SoCHKOBKE-  A dull  green  incrustation  consisting  of  calcic  carlionsle 
coloured  by  chromic  oxide,  formed  on  the  island  of  Scyro  by  the  alteration  of  chromic 
iron.  (Landerer,  Dana't  Mineraloyi/,  p.  501.) 

PRECXPXTALTlh  This  term  is  applied  to  any  solid  matter  separated  from  a 
state  of  solution  by  the  action  of  heat,  light,  or  chemical  reagents,  in  contradistinction 
to  a deposit  or  sediment,  which  consists  of  solid  matter  merely  suspended  in  a 
liquid,  and  settling  down  when  left  at  rest.  For  the  methods  of  collecting  and  washing 
precipitates,  see  Dscantation  (ii.  308),  and  Fu.TBATio!t  (ii.  648). 

p;gj5CTPrTATB,  WHITIS.  A pharmaceutical  name  of  certain  ammoniac.il 
chlorides  of  mercury ; chloride  of  mcreurammonium,  Hg"H‘NHll*, being  called  fusible 

white  precipitate,  and  chloride  of  dimercurammonium,  ifg’H’N’Cl’,  infusible 
white  precipitate  (Hi.  916). 

FRECZPXTATS,  RES.  Rc<l  oxide  of  mercury. 

PKESABZITS.  A kind  of  bitter  spar  mixed  with  brucite  from  Predazxo  in  the 
Southern  Tyrol.  Hardness  - 5.  Specific  gravity  = 2 634.  According  to  J.  Roth 
( J.  pr.  Chem.  lii.  346),  it  contains ; 

t o*  Can.  M«o  FeO>,  APO>.  SIO>.  H’n. 

a.  27-46  33-.I3  23-27  2 88  3-28  10  26  = 100-68 

b.  33-35  46-67  14  o4  0-48  6 96  = 102 

a may  he  represented  by  the  formula  Ca^CO^Mg^TIH!)* ; 5,  by  2Ca  CO’.Mg^H^O*. 
(Dana,  ii.  457.) 

PRBORATTITE.  A green,  fine-sealy  micaceous  mineral  from  Pregratten  in 
the  Pusterthal.  Specific  gravity  = 2-895.  Hardness  - 3.  Contains,  according  to 
Ocllacher  (Jahresb.  1862,  p.  747),  44'65  percent.  SiO»,  40-41  Al’O*.  171  K’O,  7 06 
Ns'O,  0-84  FcO,  0-52  CaO,  0-.37  MgO,  010  Cr'O*  and  6 04  water,  whence  Oellachcr 

deduces  the  formula  2 ! .SiO’.3(2APO*.3SiO’),  regarding  the  other  constitu- 

ents as  adventitious.  Kenngott,  on  the  other  hand,  regards  the  water  as  esaential. 
Accurtling  to  Rammelsberg,  the  mineral  is  probably  identical  with  the  paragonite 
of  St.  Gotimrd,  wliich  contains  46  81  p-r  cent.  SiO',  40  06  Al-'O’,  with  a trace  of  ferric 
oxide,  0-65  MgO,  1'26  CaO,  0-40  Na’O,  with  a trace  of  potash,  and  4-82  water. 

PKBHirmi.  KofpMitr.  Vdtlitr.  ChUtunitr.—K  hydrated  silicate  of  alumi- 
nium and  calcium,  occurring  in  trimetric  crystals,  having  the  axes  a : b :c  = 0 66963 
: 1 : 1 19035.  Angle  ooP  : ceP  = 96°  56' ; oP  : P®  =146fliy.  Opliiiarv  combi- 
nation oeP  . 0=1'®  . . 6p®  . oP ; also  with  6P.  2P,  §P®  andJP®.  Cleavage 

basal,  distinct.  The  mineral  occurs  also  renifurm,  globular,  and  stalactitie,  with  a erjs- 
tidline  surface,  iinperb-clly  columnar  or  lamellar  structure,  and  strongly  coherent ; also 
eomjiact  granular  or  impalpable.  Hanliiess  = 6 to  6-5.  Speeiflo  gravity  = 2-8  to 

2- 953.  I.ustro  vitreous,  pearly-  on  the  basal  faces.  Colour  light-green,  passing  into 
white  and  grey,  often  fading  on  exjiosut-e;  streak  uneoloun-d.  iSubtransparent  to 
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mil>tmnf*lucent.  Fracture  uncreu.  Somewhat  brittle.  Pyroelectric.  It  pves  off 
wjiti  r when  heated  and  melts  before  the  blowpipe  to  a white  or  yellowish  glass. 
Many  varieties  (koupholite)  blacken  when  heatiHl,  and  give  off  an  empyreumatic  odour, 
but  ultimately  burn  white.  It  is  slowly  attacked  by  hydrochloric  acid,  but  gelatinises 
easily  then'with  if  previously  ignited  or  fused. 

Analysfs,—  n.  From  South  Africa  (Klaproth,  Rammehhrrg'g  jV#nera/rAcwf>,  p. 
782). — b.  From  Mont  Blanc:  K»nphi>iiU  (Walmstedt,  Berz.  Jahresb.  v.  217). — 
f.  Rjurg  d’Oisans  in  Danphiiiy  (Uegnault,  Ann.  Min.  [3]  xiv.  154). — d.  Dumbailon 
near  Glasgow  (Walmstedt). — r.  ^elfors  in  SmSUnd:  I’Jddite  (Walmstedt).— 
/.  Ibidauthal  in  the  Harz  ; in gabbro  (A melung,  Pogg.  Ann.  Ixviii.  512).  ~g.  Riodes 
lo«  Cipreses,  Chile  (Domeyko,  Ann.  Min.  r4]  ix.  3). — h.  Kiederkirchen,  in  Rhenish 
Riraria:  in  the  form  of  anaieime  (G.  Loonnard,  Poeg.  Ann.  liv,  479). — i-  From  the 
same  locality,  in  the  form  of  laumontito  (Blum’s  LfonkarJite)  (Leonhard): 


a. 

b. 

e. 

d. 

e. 

/• 

g- 

A. 

i. 

Si'ka  . • « . 

. 40-93 

44  71 

44-50 

44  10 

43  03 

44  74 

43-6 

42  ro 

44  00 

AlumiDa  . . 

. ar.-M 

S3*y9 

•an 

24-36 

19  30 

18-06 

21*6 

30* -V> 

2«-.W> 

Fe»rif  . « 

. .ser, 

1*'9 

4 61 

0 74 

6 HI 

7-38 

4 6 

004 

0-04 

Mangauou*  oxM* 
I.inir  ... 

! 1833 

0-19 

iV4l 

M-47 

^43 

0-IS 
26  28 

27-C6 

230 

2'2*S7 

22-29 

Potash  . . 

. 

. 

0 02 

001 

.Hilda  .... 
Water 

l-M 

*4-4^ 

*4  44 

4*18 

4-43 

1 Oi 
4-13 

6*3 

500 

6-00 

97*08 

100*14 

100-46 

0971 

100  oo 

1U240 

100  1 

100  63 

lno*M 

These  analyses,  negating  the  first,  agree  nearly  with  the  formula  2(Ca"O.SiO*). 
AP(V..«5iO*.H’0,  which  requires  44  28  per  cent,  silica,  24*60  alumina,  26*82  lime  and 
4*30  water. 

i*rehnite  occurs  in  granite,  gneiss,  nnd  trap-rock,  especially  in  the  last.  It  was 
first  found  at  the  Cape  of  GooiJ  Hope  by  Colonel  Prehn.  IlandKome  polished  slabs  of 
it  hare  been  cut  from  masses  imported  from  China.  It  H^nietimes  occurs  altered  to 
green  earth  und  felspar.  (Dana,  it.  314.) 

PStSRirXTOX3>.  A mineral  externally  resembling  prehnite,  occurring  in  the 
hornblende  rwk  between  Kingsberg  and  the  Solberg  in  .'^we<len.  It  melts  before  (he 
Unwpi|)6  to  a white  enamel,  and  is  easily  Httm'kf^i  by  ncids.  Contains,  aeconiing  to 
Hlomstrand  (J.  pr.  Chem,  Ixvi,  167),  56*00  per  cent,  silica,  22'45  alumina,  1 01 
ferrous  oxide,  018  manpinous  oxide,  7*79  lime,  0*36  magnesia,  10  07  soda,  0 46  (sjtash 
and  1*04  water  (»  99*36). 


PRZlRU^il,  The  ash  of  the  Bfvcral  parts  of  Primula  farinosa,  gathered  near 
Ansbach  in  the  summer  of  1853,  has  Iw'en  analysed  under  Wittstein’s  directions 
(.\nn.  Ch.  Pharm.  cviii.  203),  with  the  following  results: 


RooU. 

Leaves. 

Sulks. 

Flower* 

beads. 

Kntlre  j 
plant.  1 

Ash  per  cent,  in  the  substance 
dried  at  100®  . 

10-05 

13-88 

7-79 

7-00 

8-61 

Composition  of  the  ash: — 

Potiish  ..... 

2-13 

17-10 

26  63 

27-30 

22-24  1 

Soda  ..... 

17-86 

7 41 

6 8.^ 

3*90 

7-68 

Lime  ..... 

21-90 

21-84 

17-36 

11-94 

17*94 

Magnesia  .... 

4*06 

1045 

8*00 

8-71 

8 21 

Alumina  .... 

1-62 

0-96 

054 

1-16 

0-83 

Ferric  oxide  .... 

1-05 

0-85 

0*13 

0*54 

0-43  1 

Miuiganueo-manganic  oxide 

1-92 

, 

0-20  ' 

Chlorine  ..... 

3-03 

9-33 

9 12 

6-29 

7-99  1 

Sulphuric  unhydride 

2-28 

601 

1-31 

5-46 

2-77  . 

Phosphoric  „ 

3-28 

3-78 

6*68 

8*41 

508  . 

Silicic  „ 

2*53 

8-05 

5 11 

10*79 

8-64 

Carbonic  „ 

15-34 

16-22 

18  27 

1651 

17-09 

100*00 

10000 

100-00 

100*00 

100-00 

The  composition  of  the  ash  of  the  entire  plant  was  calculated  from  that  of  the  several 
parts. 


P&ZBCirx»ZW«  A crystnUisable  substance  obtained  from  the  root  of  the  cowslip, 
Primula  veris,  (Hnncfcldt,  J.  pr.  Chora,  vii.  68.) 
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PRINTING,  CHEMICAL. 


FUircB*8  BKSTAB.  An  alloy  of  copper  and  sine  (ii.  47). 

PRXSrTZBTO,  CHCMXCAl^.  Under  this  head  we  shall  treat  of  eertaia 
modes  of  printing  dependiug  on  chemicsl  Hction,  namely  lithographic  and  sincographto 
printing. 

Bltlaognapby  (from  \i$os  and  ypd^tiv)  is  the  art  of  drawing  on  stone;  and  litho- 
graphic printing  is  the  taking  of  impressionb  from  such  drawing.  Its  inreotiou  is  due 
to  Alois  Sennefelder,  who  was  bom  at  Prague  in  1772,  but  practised  his  art  chie6y 
in  Munich. 

The  stone  used  in  lithography  is  a fine-grained  limestone  containing  about  97  per 
cent,  of  calcic  carbonate,  with  small  quantities  of  silica,  alumina,  and  oxide  of  iron. 
These  stones  are  found  in  considerable  quantity  along  the  banks  of  the  Danube,  near 
Pappenheim ; the  best  qualities  are  procured  from  the  quiury  of  Solenhofen.  They  re- 
semble in  their  aspect  the  yellowish-white  lias  of  Path;  they  should  be  free  from  reins, 
fibres  and  spots,  hard  enough  to  be  somtcbeil  only  with  difficulty  by  a steel  point,  and 
splinters  breaking  from  them  should  exhibit  a conclioidal  fracture.  To  render  a stone 
fit  to  receive  a drawing,  its  surface  is  ground  with  fine  sifted  sand  and  water. 

The  drawing  is  made  with  a crayon  ctiWeni  hth^’ffraphic  chaiJc,  composed  of  soap,  wax, 
and  tallow,  with  a quantity  of  himp-black  sufiicieut  to  give  it  a dark  tint.  Now  when 
traces  are  mmle  on  the  stone  with  this  soapy  com|>ound.  a double  decomposition  appears 
to  take  place  between  the  olcate  and  stearate  of  soiliuui  in  the  soap  and  the  carbonate  of 
calcium,  resulting  in  the  formation  of  <*leate  and  sto<irato  of  calcium  and  carbonate  of 
sodium.  The  fatty  calcium-saUs  thus  producetl  are  insoluble  not  only  in  water,  hut 
lik<‘wisf  in  oils,  both  fixHl  and  voLttile. 

The  drawing  being  coinpletetl,  the  stone  is  prepared  for  printing  by  a process  callml 
‘‘etching."  which  consists  in  flexiting  a mixture  of  gum-arabic  and  dilute  nitric  acid 
upnai  it,  whcre!>y  the  j>ortions  of  the  surface  untouched  by  the  grease  become  covered 
with  an  insoluble  comjsmnd  of  gum  and  lime.  The  action  in  this  part  of  the  process 
is  s^uuewhat  obs<’ure,  but  it  is  probable  that  the  nitric  acid  dissolves  the  superficial 
particles  of  the  stone,  and  the  resulting  solution  forms  with  the  gum  an  insoluble  gum- 
mate  or  metagummateof  calcium  (iL  9i>4).  One  thing  is  certain,  that  the  gum  be<x>me« 
firmly  fixed  on  the  stone,  and  cannot  he  rt-mored  even  by  repeale<i  washing  with  water. 
The  nitric  acid  also  acts  upon  the  chalk  by  laying  hold  of  the  alkali,  and  setting  the 
fatty  acids  free. 

The  stone  thus  prepared  is  next  washed  with  water,  to  dissolve  off  the  excess  of 
gum  and  the  nitrates  of  so<lium  and  ciilcium,  and  afterwards  with  oil  of  turjtentine, 
wliioli  removes  the  excess  of  grease  from  the  drawing  and  renders  it  nearly  invisible. 
The  fatty  calcium-salts  formed  by  the  action  of  the  soap  on  the  c irlionato  of  calcium, 
are  however  insoluble  in  the  turpentine  and  remain  untouched  ; and  on  subtM-qiiently 
wetting  the  surface  of  the  stone  with  water,  and  passing  over  it  a roller  covered 
with  printing  ink,  composed  of  linseed  oil  an<l  lamp-black  (iii.  273),  the  ink  adheres 
to  those  parts  of  the  surface  where  these  fatty  ealts  are  situated,  while  the  remaining 
portion,  which  has  been  acted  on  by  tlie  gum,  does  not  take  up  the  printing  ink.  be- 
cause tlie  fatty  acitls  of  the  linseed  oil  are  incHimble  of  decomposing  the  compound  of 
linu^  and  gum  with  which  those  portions  are  covered,  niul  mecnanical  adhe.«ion  is  pre- 
ventetl  b^'  the  film  of  water  on  the  surface.  The  drawing  is  thus  brought  to  light  agaiu 
with  nil  Its  original  distinctness,  and  impressions  of  it  may  then  be  taken  off  on  paper 
by  passing  the  stone  under  a press. 

This  view  of  the  lithographic  process  represents  it  as  depending  altogether  on  a serif's 
of  chcmiciil  actions.  It  is,  however,  more  commonly  suppos<*d  tliat  the  fatty  matter  oft  he 
lithographic  clmlk  simply  adheres  to,  oris  partly  al^sorbcd  by,  the  porous  surface  of  the 
limestone;  that  the  parts  thus  |M‘iietrated  readily  take  up  the  printing  ink ; and  that  the 
adhesion  of  the  ink  to  the  other  port  ions  of  the  surface  isj>revcnted  by  the  interposition  of 
a film  of  water.  But  if  this  explanation  w ere  correct,  a plate  of  alabaster,  or  sandstone, 
or  porous  eartlnmware,  oraiiy  other  stone  capalde  of  receiving  a granular  surface,  ought 
to  l*e  available  for  litli  jcraphy  as  well  as  limestone,  wln  reas  it  is  well  known  that 
carbonate  of  «ilcium  is  the  only  kind  of  stone  that  will  answer  the  purpose ; moreover, 
the  met'lmnical  th«*ory  of  lithography  takes  no  account  of  the  peculuir  action  of  the 
gum,  whicli  B{*pears  to  be  an  essential  fi-ature  of  the  process. 

Any  kind  of  fine-grained  limestone  maybe  us<'d  fur  lithography;  marble  will  yield 
impressions  when  treated  us  above;  but  its  crystalline  structure  prevents  it  from 
takiug  the  proper  grain.  The  preference  given  to  the  stones  of  Solenhofen  and 
the  ueighlM)uring  localities  is  owing  to  the  closene.ss  of  their  texture  and  to  their 
(K'currence  in  slabs  of  every  rw^uinsl  thiekneKs  parletl  l>y  regular  seams,  which 
ivinlcre  the  quarrying  comparatively  I asy:  stoin*s  requiring  to  i^e  sawn  into  slabs  would 
be  too  expensive. 
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We  now  proceed  to  giro  a short  account  of  the  various  methods  of  writing  or  draw- 
ing ufK>n  stone  intended  to  print  from. 

Chalk  drawings  are  executed  on  a stone  to  which  a granular  surface  has  been 
given  with  a solid  pencil  (lithographic  chalk),  the  active  part  of  which  consists,  as 
already  mentioned,  of  grease,  or  oleic  and  stearic  acids.  This  chalk  can  be  modided  from 
hanl  to  soft  in  different  degrees,  to  allow  of  its  being  cut  to  a tine  point,  or  in  the 
sofrer  state,  to  be  used  with  cloth  or  leather  stumpe ; it  may  also  bo  dh^lved  in  spirits 
of  turpentine  or  alcohol,  and  applied  to  the  stone  with  a brush. 

Lithographic  ink  is  but  a modi6cation  of  the  chalk,  made  to  flow  more  easily 
when  dissolved  in  water,  being  intended  to  be  used  with  flue  steel  pens  or  fine  sable 
brushes,  that  will  draw  a hair  line.  In  a pen  and  ink  drawing  these  lines  must  be  solid, 
that  is  drawn  with  the  ink  in  its  fullest  density  consistent  with  freely  flowing  from 
the  pen;  the  same  with  the  fine  brush.  The  ink  can  also  be  dissolved  in  diffenut 
degret's  of  density  to  produce  with  larger  brushes,  lighter  or  darker  washes  or  tints. 

The  .<K>lid  chalk  or  liquid  ink  may  also  be  passed  over  the  whole  surface  of  a stone, 
so  as  to  render  every  part  attractive  for  printing  ink,  and  the  drawing  is  then  worked 
out  from  the  black  by  removing  the  chalk  or  ink  with  a sharp  point  tlmt  will  make 
white  lines  (exposing  tlie  stone),  or  with  a flat  semper,  which  on  a grained  surface  will 
produce  a gradation  of  tints. 

Engraving  on  stonr. — The  stone  when  polished  is  first  r»*ndered  non-attractive  for 
grease,  by  preparing  the  surface  with  a solution  of  gum  and  nitric  acid,  and  when  it 
is  dry,  the  Hues  are  cut  through  this  pre^Mimtioo  with  a sharp  needle  or  diamoml 
point,  whereby  the  natural  stone  is  exposed  ; oil  or  other  fat  is  then  made  to  enter  the 
cut,  rendering  the  lino  attractive  for  the  printing  ink,  whereas  it  can  be  ariped  off  from 
the  rest  of  the  surface.  The  stone  can  also  be  tVawn  upon  witli  a Solution  of  gum  and 
acid,  to  which  aome  colouring  matter  has  been  added,  to  enable  the  draughtsman  to 
judge  of  the  effect,  ^\^len  the  drawing  is  dry,  liquid  ink  or  chalk  is  passed  over  it, 
which  will  render  the  parts  of  the  surtace  not  covered  by  the  gum  attractive  for  the 
printing  ink. 

Tliese  cxiimples  will  show  in  how  many  different  ways  fatty  matter  and  gum  can 
be  made  to  combine  with  the  lime  of  the  stone,  and  how  the  lithographic  procew  can 
be  varied.  It  is  to  these  peculiar  advantages  that  Scnnefelders  invention  owes  its 
wide-spread  application,  botli  for  commercial  purposes  and  as  one  of  the  handmaids 
of  the  fine  arts. 

Composition  of  Lithographic  Chalk. 

32  parts  of  Beeswax. 

4 „ Tallow  (purified). 

24  K Soap. 

1 „ Nitrate  of  potassittiD,  dissolved  in 

8 „ Water. 

6 „ Lamp-black. 

Composition  of  Lithographic  Ink : 


for  Pens. 

for  Brush. 

32 

parts  of  Beeswax. 

1 6 parts  of  Beeswax. 

18 

„ Tallow  (puritiwl). 

16 

•1 

Tallow  (purified). 

16 

„ Soap  (Marseilles). 

16 

M 

Soap. 

32 

,,  Shellac. 

16 

>« 

Shellac. 

4 

„ Carbonate  of  sodium,*  dis- 

4 

• I 

Mastic. 

solved  in 

4 

»l 

Carbonate  of  sodium,  dis- 

8 

,,  Water. 

solved  in 

6 

„ Lnmp-black. 

8 

M 

Water. 

6 

n 

Lamp-black, 

Permanent  Liquid  Ink  for  Antt^graphic  writing:  ft  pts.  of  soap,  8 mastic,  10  ihelUe, 
1 rosin,  1 lamp-black,  3 carbonate  of  sodium  (renderm  caustic  and  dissolved  in  4 pts, 
water).  Dissolve  the  whole  in  16  pts.  water,  adding  more  water  if  necessary  to  make 
the  ink  flow  ea.sily.  Autographic  drawing  or  writing  is  executed  on  a preparad  paper 
and  then  transferred  to  the  atone. 

Cliromolltbograptay,  Drawing  and  printing  in  colours  from  stone.  In  this  ap- 
plication of  the  art,  the  plates  of  limestone  offer  p»‘culiar  advantages,  especially  for  the 
reproduction  of  the  painter’s  work,  as  the  various  modes  in  which  the  drawing  mate- 
rials. as  chalk,  ink,  gum,  &c.,  can  lie  anplicd  to  the  surface  of  the  stone  enable  the 
lithographer  to  approach  very  closely  the  effect  and  handling  of  a painting  in  oil  or 
water  colour. 

* Or  better,  the  isme  quantity  converted  kuU)  c.iuilic  loda. 
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For  the  production  of  a chromolithogniph,  a nicccseton  of  impressions  is  applied 
to  a sheet  of  plate>paper  from  a number  of  stones  on  which  are  drawn  in  analysis,  as 
nearly  as  possible,  the  rarious  colours  and  font's  of  the  orijtinal  of  which  the  chromo- 
lithograph is  intended  to  be  a copy.  One  of  the  gn»ut  uifficulties  of  the  process  is 
that  nearly  everything  has  to  be  drawn  with  the  ordinary  saponaceous  black  chalk 
and  ink. 

To  copy  a picture  or  drawing,  and  to  make  all  the  different  colours  correspond,  a 
careful  tracing  is  made  with  lithographic  ink  upon  transparent  transfer  paper,  or  upon 
a sheet  of  gelatin ; this  tracing  is  traniderred  to  a stone  called  the  **  keystone,”  and  from 
this  stone  impressions  are  taken  which  arc  set  off  in  the  press  on  as  many  stones  as 
will  be  required,  the  number  varying  according  to  the  subject,  twenty  and  even  thirty 
being  found  sometimes  nec'essary  to  produce  the  proper  effect.  The  printing  in  ooloury 
is  effected  in  the  wime  manner,  and  depends  on  the  same  principles,  as  the  production 
of  a black  lithograph,  the  various  pigmeuts  being  ground  up  with  thickened  linseed 
oil,  and  the  rosiilting  oil-colour  spread  evenly  upon  the  leathern  rollers  with  which 
the  drawing  upon  the  stone  has  to  be  charged.  To  secure  an  exact  adjustment  of  all 
the  colours,  the  stone  to  print  from  and  the  sheet  of  paper  to  print  upon,  are  accurately 
and  secunOy  fixed  into  a registering  frame  which  forms  part  of  the  press. 

Unoograpby.  Fatty  substances  act  upon  zinc  and  other  easily  oxidable  metals 
much  in  the  Siime  manner  as  upon  limestone,  forming  salts  which  are  insoluble  in 
water.  A drawing  may  be  made  on  a zinc  plate  with  the  same  chalk  or  ink  that  is 
used  for  drawing  on  stone,  and  the  r«*maining  piirts  of  the  surface  may  be  rendered 
non-attractirc  for  printing  ink  in  a similar  manner,  excepting  that  the  solution  of  nitric 
acid  and  gum  used  for  the  purpose  must  be  mixed  with  a concentntted  decoction  of 
nutgalls.  When  the  plate  has  been  covered  for  a short  time  with  this  solution.  th« 
parts  not  constituting  the  dniwing  lose  their  metallic  lustre  and  assume  a brown  tint, 
and  in  that  state  are  incapable  of  tiking  up  printing  ink.  Tlie  mode  of  printing  is  the 
aanic  as  from  stone. 

Other  metals  give  similar  results  with  more  or  less  distinctness ; hut  none  are 
found  to  be  so  well  adapted  for  chemical  printing  as  the  stone  plates  of  Solenhofen. 

M.  II. 


P&OPAXiAirZJrB«  C«H»NO*  = Mitkalanine,  C’H*(CH‘)NO*  - AmidohutwHe 


acid,  C*H'(NH*)0*  * Oxybutj/ramic  acid,  (C*H*0)‘ 


(R.  Schneider,  Ann.  Cli. 


l*harm.  Suppl.  ii.  70;  Jahresb.  1861,  p.  469.) — A compound  produced  by  heating  bro- 
mobutyric  acid  with  aqueous  ammonia.  It  crystallises  from  alcoholic  solution  in 
stellate  or  furcate  groups  of  small  lamime  and  needles,  which  when  dr)*,  yield  a dazzling 
white  satiny  powder,  unctuous  to  the  touch.  It  is  inodorous,  has  a sweet  taate,  and  is 
neutral  to  vegetable  colours.  It  dissolves  in  al>out  3*6  pts.  water  of  medium  tempsTa- 
ture,  is  very  slightly  soluble  in  cold  alcohol,  and  requires  650  pts.  even  of  boiling  alco- 
hol to  dissolve  it ; qtiite  insoluble  in  ether.  It  is  not  decomposed  by  cold  aqneoos 
potash,  but  gives  off  ammonia  abundantly  when  fused  with  hydrate  of  potassium. 
When  cautiously  heated  in  a tube,  it  m-dta  and  sublimes  partly  undecom|>oseJ : but 
when  quickly  and  strongly  heated,  it.  turns  brown  and  carbonises,  emitting  ^’npours 
which  have  an  alliaceous  odour  and  alkaline  reaction. 

Propalanine.  like  its  homologues,  unliea  both  with  urids  and  withbases.  The  hydro- 
cKUtralr,  C'H*NO*HCl,  crystallises  in  tuftsof  very  soluble,  pointed  needles  ; the  nitrate, 
C*H*NOMlNO*  in  fem-like  groups  of  silky  needles,  ensilv  soluble  in  water  and  alcohol, 
and  having  an  acid  reaction.  A solution  of  2 ut.  propaiauiue  in  1 at.  sulphuric  acid 
dries  lip  to  n viwid  mass;  but  with  twice  that  proportion  of  acid,  the  neui^  eulyhate, 
(C*H*NO*)*.H’^»SO*,  is  obtained  in  colourless,  easily  soluble,  conci'Dtrically  grouped 
needles. — A had-compound,  C"H‘*Pb"N-0*.H*Pb*'0*,  is  obtained  as  a white,  crystalline, 
sparingly  soluble  px>wder.  bv  prolongnl  boiling  of  aqueous  propalanine  with  lead-oxide. 
— The  Bilvrr-comjxuivd,  C^l^AgNO^,  obtained  in  like  manner,  crystallises  on  evapora- 
tion over  oil  of  vitriol  in  small  crystals  which  are  quickly  blackened  by  light,  and 
decompose  at  100®. 

Schneider  think.<«  it  probable  that  propalanine  may  occur  in  the  animal  organism 
associaU*d  with  leucine. 


nOPABOTXXO  BTHSA.  (Liebcrmann,  /autschr.  Ch.  Phnrm.  1864,  p. 
746.) — When  tribromide  of  allyl  is  digested  for  some  time  with  alcoholic  potash,  the 
alcohol  distilled  therefrom  yields  with  ammoniacal  silver-nitrate  a white  precipitate,  con- 

taining  j ^^tid  regarded  by  Liebcrmann  as  the  silver-siU  of  an  ether  to  which 

he  gives  the  above  munc.  The  silver-compound  tmited  with  a solution  of  iodine  in 
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C*H*I } 

iodide  of  potiissium,  fields  an  iodated  oil,  1 0,  from  which,  by  addition  of  iodine 

and  of  bromine,  the  compounds,  vO,  and  maybe  obtained.  The 

corresponding  methyUcompounda  are  formed  in  like  manner. 


PSOPBSTZW-B.SSX3V.  A resin  obtained  from  Cucumtt  Prophriarum.  (S(>e 
CucuMis,  ii.  172.) 

i 

PROPXOW AMZBS.  C*H^NO  » > N. — Produced  by  the  action  of  am- 

monia on  propionate  of  ethyL  It  is  decomposed  by  lioating  with  potassium,  yicdding 
cyanide  of  potassium,  hydrogen,  and  &irbun*tted  hydrogen.  By  distillation  with  phos- 
phoric anhydride,  it  is  convertid  into  cyanide  of  ethyl  or  propionitrile,  CU1*N  » 
C*H’NO  — H*0.  (Dumas,  Malagiiti  and  Lchlaiic,  Compt.  rend,  xxr,  657-) 

Ryd'^U*traU  of  Propionaruuh,  C*H*N0.HC1,  is  obtained,  together  with  other  pro- 
ducts, by  the  action  of  moist  chlorine  on  propionitrile  (p.  736).  It  forms  colourless 
crystals  soluble  in  water  and  in  alcohol,  insoluble  in  anhydroiw  ether.  When  heafcl 
on  pintinum-foil,  it  Tolatiliw's,  giving  off  irritating  vapours.  With  platinic  chloride,  it 
yields  chloroplatinate  of  ammonium.  (B.  Otto,  BidL  Soc.  Chim,  1865,  i 294.) 

Dichloropropionamide,  t'*IPCl*XO. — Pro<lueed,  together  with  dichloivpropio- 
iiitrile,  by  the  action  of  dry  chlorine  on  propionitrile.  On  subjecting  the  resulting 
liquid  to  the  action  of  a freezing  mixture,  the  dicbloropropionamido  separates  in  crys- 
tals which  may  be  purified  by  pressure  between  bibulous  paper,  crystallisation  from 
absolute  alcohol,  and  sublimation.  It  tlien  forms  light  nacreous  scales,  soluble  in  water, 
alcohol  and  ether,  melting  at  llO'S®  and  solidifying  at  86^.  Its  aqueous  solution  dof** 
not  pri'cipitate  silver-nitrate.  It  dissolves  withoet  decomp<M»ition  in  ammonia  and  iu 
hy«iroohloric  acid  ; but  on  adding  platinic  chloride  to  its  solution  in  alisclute  alcohol 
Hcidulatcd  with  hydrochloric  acid,  a precipitate  of  chio^Jplatinate  of  ammonium  is 
foruunl,  containing  the  whole  of  the  nitrogen  of  the  compound,  and  the  filtered  liquid, 
which  1ms  an  odour  of  mint,  deposits  oily  drops  which  solidify  to  crj'staU. 

Wh«»n  dichloropropionamide  is  boiletl  in  water  with  mercuric  oxide,  the  latter 
<!i<^>ilws,  and  the  liquid  on  cooling  deposits  the  compound  2C*H*Cl*X0.IIg"0,  iu 
li'rlules  of  hard  white  needles,  soluble  in  boiling  water  and  alcohol,  nearly  insolublo 
in  ether,  melting  between  100°  and  110°.  (Otto,  R4p.  Chim.  pure,  iii.  267 ; Bull. 
ScK\  Chim.  1865,  i.  293.) 

VROPZOITB.  C*H'®0  w I — I^iscovcredby  Frcmy  in  1835, 

jind  ca’Vd  by  him  Mftncctonf.  It  is  sometimes  called  ethyl-propionyl,  being  the 
ketoue  of  propionic  aci<l.  It  is  formed,  together  with  other  products,  when  sugar, 
starch,  gum  or  mannite  is  distilled  with  excess  of  lime;  also  in  the  destructive  distilla- 
tion of  bictate  of  calcium. 


The  following  metho<is  of  obtaining  it  are  more  precise 

1.  Destructive  distillation  of  certain  propionates,  r.  y.,  propionate  of  bariam 
(Morley) ; 


. CO  , co,gH;| 

rrnpionatc  of  Carhnnatr  of  Propkme. 

bariuRi.  barium. 


2.  Action  of  zinc-ethyl  on  chloride  of  propionyl  (Freund  and  Febal): 

Zn'(C“H*)*  + 2C>H*OCl  « Zd"C1*  + 2(C*H*O.C»H‘). 

3.  Action  of  carbonic  oxide  on  sodium-ethyl  (Wanklyn) : 

CO  + 2NaC*H»  - Na*  + CO(C*H»)». 

Propione  is  a colourless  mobile  liquid,  lighter  than  water  and  non-miscible  with 
water,  but  freely  soluble  in  alcohol  and  ether.  Its  smell  resembles  that  of  acetone. 
Boiling  (>oint  101°.  It  differs  &om  many  members  of  the  ketone  family  in  not  being 
capable  of  forming  a compound  with  acid  sulphite  of  sodium. 

According  to  Morley,  boiling  nitric  acid  converts  it  into  propionic  acid,  there  being 
neither  nitropropionic  acid  nor  acetic  acid  produc'd.  Acconling  to  Chancel,  nitropro- 
pionic  Hcid  is  formed  by  the  action  of  nitric  acid.  Sulphuric  acid  and  dichromate  of 
potassium  oxidise  it  to  propionic,  acetic  and  carbonic  acids  (Gottlieb).  It  is  hardly 
atiackeil  when  droppid  on  potash  in  a state  affusion,  there  bi*ing  traces  only  of  prupio- 
imte  of  potassium  formed  (Gottlieb).  Propione  is  isomeric  with  valeral,  but  differs 
from  it  in  its  reactions.  Unlike  rah  rul,  it  gives  no  compound  with  alkaline  sulphites 
and  no  valerianic  acid  when  oxidised.  J.  A.  W. 

raopzomc  ACXD.  Meta^xtonivadd,  Ethyl  formic  acid,  C'lPO^— The  thiid 
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Hcid  of  the  futty  series,  discovered  by  Gottlieb  in  1844  among  the  products  of  the 
action  of  cHUstic  jjotasb  on  sugar. 

Tills  acid  is  of  little  im{>ortance  as  a natural  product.  It  is  contained  in  crude 
oil  of  amlKT,  also  in  cocoa-nut  milk  after  it  has  turned  sour,  and  in  the  distillate  frum 
some  of  the  wines  of  the  Bergstrasse  (Om.  ix.  p.  402).  B4cbamp  (Compt.  rend, 
liv.  1148)  has  found  it  in  Np^iilt  wine,  together  with  acetic  and  lactic  acid. 

1.  It  is  of  interest  as  being  the  first  organic  acid,  or  indeed  organic  compound, 
obtaimHl  directly  from  carbonic  anhydride.  Carbonic  anhydride  and  sodium-ethyl  give 
propionate  of  sodium  (Wauklyn,  1868): 

CO*  + NaC'H*  - 

2.  It  stands  in  intimate  relation  to  lactic  acid,  being  related  to  that  acid  in  the 
same  mnrmer  as  acetic  acid  to  glycolHc  acid.  In  older  to  render  the  connection 
between  these  compounds  intelligible,  the  following  formuUe  are  conveniently 


C> 


Lactic  acid.  Propionic  add. 

/H* 

. 0"  (T 

](H0)  ^ H 

l(H0)  IhO 

Propionic  acid  then  is  lactic  acid  in  which  one  atom  of  peroxide  of  hydrogen  has 
been  exchanged  for  one  atom  of  hydrogen.  And  lactic  acid  may  be  converted  into 
prtjpionic  acid  by  first  replacing  one  atom  of  its  peroxide  of  hydrogen  by  chlorine,  then 
replacing  this  chlorine  by  menus  of  nascent  hydrogen  (Ulrich): 


Chluruproplonic  acid. 


}f 

(11* 

H 

0" 

(110) 

c* 

^ Ici 

c* 

(HO) 

I (HO) 

Propionic  acid. 

H* 

O" 

H 
HO 


I^'  using  hydriodic  acid,  lactic  acid  may  be  at  once  converted  into  propionic  arid. 
(Lautemann.) 

3.  A third  general  reaction  for  the  production  of  propionic  acid  consists  in  the 
double  decomposition  between  cyanide  of  ethyl  (propionitrile)  and  wafer.  This  trans- 
formation may  be  effected  either  by  boiling  tno  cyanide  of  ethyl  with  potash-ley 
(Dumas,  Malaguti  and  Leblanc),  or  with  a mixture  of  1 pt.  of  oil  of  ritriol  and 
2 pts.  water  (Frankland  and  Kolbe).  Both  these  reagents  cause  the  cyanide  to 
decompose  water: 

C*H»N  + 2H»0  = CH»O.H.O  + NH>, 


When  potash  is  used,  it  reacts  on  the  propionic  acid  and  the  ammonia  is  free ; when 
oil  of  vitriol  is  used,  it  acts  on  the  ammonia  and  the  propionic  acid  is  free. 

4.  A fourth  general  reaction  which  rields  this  acid  is  that  of  Harni  tz-Harnitzky, 
who  exposes  hydride  of  ethyl  and  chlorido  of  carbonyl  (phosgene  gas)  to  the  action 
of  sunlight,  and  obtains  chloride  of  propionyl  and  hydrochloric  acid  : 

COCl*  + C*H*  - 


Cliloride  of  propionyl  and  water  give  propionic  acid. 

f>.  A fifth  general  reaction  is  the  oxidation  of  propionic  aldehyde,  which  thereby 
b<  com«*s  propionic  acid : 


II 


+ 0 


C»H‘0 

H 


0. 


It  is  worthy  of  remark  that  acetone,  which  is  isomeric  with  propionic  aldehyde,  does 
not  give  propionic  acid  on  being  oxidised  (Dumas  and  Gottlieb).  Bromacetone, 
however,  is  converted  into  propionic  acid  (or  perhaps  isopropionic  acid)  by  oxide  of 
silver  in  presence  of  water : 


2CMDBrO  + Ag'O  + IDO  « 2AgBr  + 2C*H*0»; 
and  acrylic  acid  is  converted  into  propionic  acid  by  simply  taking  up  2 at 

hydrogen  under  the  influence  of  sodium-amalgam.  (Linnemann,  Ann.  Ch.  Pharm. 
cxiv.  307.) 

Tlie  for»*going  methods  of  making  propionic  acid  are  examples  of  the  five  genenil 
methods  of  forming  the  acids  of  the  fatty  series.  From  the  circumstance  that  common 
alcohol  is  the  particular  alcoholof  which  propionic  is  the  derivative,  and  that  so  common 
an  acid  as  lactic  acid  is  the  corresponding  diatomic  acid,  it  comes  to  pass  that  propionic 
acid  is  the  best  acid  of  the  scries  for  illustrating  the  employment  of  these  general 
methods. 
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Tu  the  furegoitig  may  also  be  added  the  method  suggested  by  Kalle  (Jahreab.  1861, 
p.  359),  for  converting  the  acidH  of  the  oxalic  series  into  acids  of  the  fatty  series, 
namely,  by  distillation  with  hydrate  of  calcium.  Succinic  acid  thus  treated  does  in 
fact  yield  propionic  acid,  according  to  the  equation  C*11*0*  *=  C*H*0*  + CO*;  but 
the  quantity  obtained  is  very  small,  because  the  tempemture  at  which  the  reaction  takea 
place  is  verj'  near  to  that  at  which  the  propionic  acid  suffers  further  decurufxisition, 
yielding  first  acetic  acid,  and  aftcrwanls  curlwnic  anhydride  and  hydrocarlK>n». 

There  is  also  a number  of  sjxcia!  reactions  which  funiisli  propionic  acid,  hut  they 
yield  it  mixed  with  some  of  its  bomologui'S.  Wheu  sugar,  mannite,  stiu'ch  or  gum  ia 
heatetl  with  caustic  potash,  there  is  formed  propionate  iis  well  us  acetate  of  potassiutii 
(Crottlieb).  Metmctone,  when  it  is  oxidised  with  chromic  acid,  also  gives  propiouio 
and  acericacidn  (Ciol  1 1 leh).  Kedfeiibucher  has  obscn'cd  that  when  glycerin  is  !n  at<*d 
with  yi-a^-t  and  kept  at  30'^  to  40^^  fur  some  months,  it  yields  propionic  acid,  little  or  no 
acetic  acid,  and  traces  of  formic  acid.  lit  this  prcjcess  the  fri'cacid  was  neutralistd  from 
time  to  time.  Ai'cording  to  Dohen  iner,  glycerin  gives  thisuctd  when  it  is  exposed  to 
the  air  in  coutjict  with  platiinun-blaek.  Oleic  acid  distilled  with  nitric  acid  gives  pro* 
pionic  acid  aud  a great  nuinlxr  of  its  homologues.  Casein,  fibrin,  and  vegetable  fibrin 
distilliHl  with  peroxide  of  munganese  and  dilute  sulphuric  acid,  give  small  quantities 
of  propionic  acid.  The  putrefaction  of  peas  or  lentils  under  water,  the  dry  distillation 
of  beeswax,  the  oxidation  of  the  more  Volatile  distillate  from  rape-oil  by  means  of 
nitric  acid,  also  the  oxidation  of  turpeatine  by  nitric  acid,  give  propionic  acid.  The 
volatile  oil  of  as;ifmtida  and  oil  of  mustard  al^  yield  this  acid  on  oxidation.  When 
citrate  of  lime  is  fermented  w’ith  d<‘caying  cheese,  or  when  sugar  is  fermented  in  contact 
with  cheese  and  chalk,  prt»pi(*nic  acid  is  likewise  formed  (see  Gm.  ix.  403). 

latstly,  propionic  aciu  is  fonm^  by  the  action  of  hydriodic  acid  on  pyroracemic  acid 
(.Wisliceuus,  Ann.  Ch.  Phann.  exxvi.  225:  Jahresb.  1863,  p.  374): 

C»H*0*  + 4HI  CMIH)*  -r  H*0  + 2P. 

Prrpuratim, — 1.  Metacctone,  whii  h is  prepansl  by  the  destructive  distillation  of  a 
mixture  of  sugar  with  lime,  is  allowKi  to  run  into  a large  retort  containing  dichroinate  of 
potHS'>ium  and  dilute  sulphuric  acid.  When  the  elfervc^cenco  caused  by  the  formation 
of  carlsjulc  acid  is  over,  the  distillutioii  is  commenced ; undecomposed  metacctone  got^s 
over  first,  then  the  nfcivi-r  should  U*  changed,  and  the  acetic  and  propionic  acids 
(Nillccted.  The  separation  of  the  acetic  acid  is  managed  thus.  The  mixed  acids  arc 
mulralise<l  with  carlsmafe  of  s<idium,  and  evHporale<l  dow*n  to  crystallise;  whereujxm 
the  acetate  of  scxlium  ciystallises  out,  leaving  the  propionate  in  solution.  The  pro- 
pionate of  sodium  is  finally  distilled  with  sulphuric  acitl,  wlu-nnipon  }»ropiouic  acid 
distils  over.  (Gottlieb,  Ann.  Ch,  Pharm,  lii.  121  tt  sey.). 

A Ijotter  way  of  sepirating  the  acetic  mml  is  by  the  employment  of  Liebig's  plan  of 
fractional  jwilur.ition  (i.  250).  Tin*  mixed  acetic  ami  propionic  acids  should  be  partly 
saturated  with  fiotash  and  tJicn  distilled;  acetate  of  potassium  then  remains  behind  and 
propionic  acid  [>ass«*s  over. 

2.  It  is,  however,  U'ltcr  to  employ  a process  of  preparation  which  docs  not  involve 
the  separatiun  of  homologues.  'fhe  cyanide  pnx’esa  answers  very  well.  Cyanide  of 
ethyl  IS  added  by  drf>ps  to  moderately  strong  potash-ley  hcattsl  in  a tubulated  r»*lort, 
the  distillate  Indiig  re{>catedly  })oared  back  so  long  as  it  smells  of  cyanide  of  ethyl. 
The  resiefue  in  the  retort  is  then  eva[>orated  down  to  drrncss  and  distilled  with  syrupy 
phosphoric  acid  (Dumas).  (See  also  Williamson,  Phil.  Mug.  [4]  vi.  205.) 

3.  Now  that  lx>th  zinc-ethyl  and  sodium  are  tolerably  cheap,  the  method  of  acting 

upon  sodium-ethyl  with  carb«)nic  anliydrnle  has  l*ecomc  quite  pnicticable  as  a mode  of 
pr»  purafiou.  The  details  of  the  operation  are  as  follows  ; — Ten  parts  by  weight  of  pure 
zinc-ethyl  and  one  part  of  soiliuni  arc  shaken  up  together;  zinc  then  wpHratc*s  and 
sodium-ethyl  dissolved  in  zinc-ethyl  is  prfKiucc<l.  Mei\*ury  is  next  added  ; it  takes  up 
the  finely  divided  zinc,  and  tlierc  result  a low«*r  layer  cemtaining  zinc  and  mercury,  and 
an  upp<*r  layer  of  clear  liquid  which  is  sotlium-ethyl  together  with  zinc-ethyl.  Carbonic 
anhydride  is  next  into  the  ap[>aratus,  and  combines  with  the  s^ium-cthyl; 

and  the  solid  product  of  the  reaction,  uAer  being  treated  with  moist  ether,  and  then  with 
water,  is  finally  evaporal*xl  to  dryness  and  distilled  with  syrupy  phosphoric  acid  or 
sulphuric  acid. 

Lautemanu's  metho«i  of  decomposing  lactic  acid  with  hydriodic  acid  is  also  practi- 
cable as  a mode  of  preparing  propionic  acid. 

PntjHTtits. — According  to  Dumas,  pure  dry  propionic  acid  is  a solid  at  ordinary  tem- 
peratures. It  boils  at  and  mixes  with  water  in  all  pro(>ortions.  Propionic  acid 
Hiails  on  phosphoric  acid  or  on  solution  of  chloriilc  of  c^cinm.  Keiltenb^hcr,  who 
obtained  his  m-id  by  fermenting  glycerin,  maintains  that  propionic  acid  is  not  indefi- 
nitely soluble,  even  in  water,  but  that  when  it  is  mixed  with  a little  water,  a portion 
of  the  propionic  acid  separules  aud  fiixits  on  the  aqueous  solution  of  the  acid.  This 
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ol'f»orvation  requires  confirmation,  inasmuch  as  it  ia  quite  pot'sible  that  Ibnlteubachers 
Rckl  contains!  truces  of  butyric  acid  or  a higher  homologue.  The  smell  of  the  aqueous 
solution  of  propionic  acid  is  very  pt'culiar.  A.  W. 

Froplonates.  and  — These  wits  are  soluble  iu  wa'er  and 

mostly  cr}st4ilUsable ; according  to  Dumas,  the  alkaline  propionates  are  unctuous  to 
the  touch. 

The  ftmmonium’SaU  is  converted  by  phosphorous  anhydride  into  propionitnlc, 
C“ll*(N’ll*)0*  — 2H-0  = C*H‘X. — The  C*H*KO^,  forms  white 

jM'urly  lumime.  Tlio  C*H*Na0*.H*O,  dries  up  to  an  amorphoi:s  mass 

ver\-  soluble  in  water.  An  avrto-propitnfaff  of  sodium,  C*n*Na0*.C*H*Nu0^jHK),  was 
once  obtained  by  Gottlieb  in  delicate,  shining,  very  soluble  needles. 

Propionate  of  Barium,  C*H‘*Ba"0*,  crystallises  in  monoclinic  prisms  exbibifipg 
the  Cv>mbinutioD  coP  . ooPoo  . oP  . + P«  . — P® . Anglo  oP  : + P®  = 136®  4'; 
oP  : - P®  - 136®  32';  »P®  : + P®  - about  133®;  cePao  : - p«  = 133®  35'; 
ooP;  ooP  - 97®  30':  «P®  : «P  - 131®  15';  + P®  ; xP  =r  116®  26';  -Px  ; 
oeP  *»  117®  3iV.  (Provostayc,  Compt.  rend.  xxv.  782).  It  is  verj*  soluble  in  H-ater, 
and  the  solution  ynelds,  by  si>ontHn*HjUH  evaporation,  large  veiy  regular  crystals  of  a 
prismatic  salt  containing  C*JP''Hu"0*.H’0,  which  gives  off  its  water  at  100®.  (Wright- 
son,  Phil.  Mag.  [4j  vi.  88.) 

The  cahium-salt  cr}stalliscs  by  spontaneous  evaporation  in  tufts  of  Kuig  prisms 
containing  C*IP*Ca**OMi  O.  Th»*y  rrtaiii  their  watrr  of  crystaili.salion  even  when 
dritKj  over  oil  of  vitriol,  but  give  it  off  at  100®  (Wrightsoii).  St!\*cker  obtained 
the  anhydrous  salt  in  silky  s<*h1<-s. 

Cupric  propionate,  C*lP®Cu"OMl-0,  obtained  by  neutralising  the  aqueous  ncid 
with  c-urbunate  of  cop|)cr,  forms  veiy*  regular  irreen  octahedrons,  sometimes  with  cube- 
faces.  It  dissolves  iu  water  with  moderate  facility,  and  is  easily  ol)taint*d  in  crystals 
by  spontaneous  evaporation.  The  crystals  dried  over  oil  of  vitriol  retfiin  1 at.  water, 
wliich  goes  off  at  100®  (Wrightson).  According  to  Nick  16s  (Compt.  chim.  1849, 
p.  348),  it  ciTstallises  iu  small  oblique  prisms  very  soluble  in  alcohol  but  very  sparingly 
111  water,  ifeated  to  100®  in  a current  of  dry  air,  it  gives  off  its  water,  tog*  ther  wi:h 
a certiuD  quantity  of  propionic  acid.  If  from  this  point  the  tempemturc  be  sud- 
denly raised  to  dull  redness,  the  d<-composition  proC'cds  rapidly,  with  evolution  of 
eotnbustible  gases  which  carry  away  a portion  of  the  salt.  'Ihe  products  of  this  distil- 
lation are : an  odoriferous  liquid  composed  of  propionic  acid  and  an  oily  body  insoluble 
in  water ; carbonic  anhydride  and  a hydrocarbon ; and  a residue  of  metallic  coppt*r 
und  charcoal. 

Propionate  of  Lead.^l!he>  solution  of  this  salt,  which  has  n sweet  taste,  dri*^ 
up  without  ;^'ielding  crystals,  to  a while  mass,  which  when  dried  at  100®  contains  63*4 
jHT  cent,  oxide  of  leaa  (Frankland  and  Kolbe).  According  to  Strecker,  it  forms 
needles  containing  C*Il‘"Pb’'0‘.Pb"0.  This  formula  requires  77‘0  per  cent,  lead-oxide. 

Chloride  of  barium  added  to  a tolerably  concentrated  solution  of  propionate  of  le«d, 
forms  at  first  a somewhat  copious  precipitate  which  *lisappears  on  agitation ; if  the 
addition  of  the  chloride  be  continued,  n point  is  at  length  attained  at  which  the  pre- 
cipitate no  longer  redissolves ; if  the  liquid  be  then  filtered,  and  left  to  evapowle) 
chloride  of  lead  separates  at  first,  and  afterwards  magnificent  limpid  crystals  which 
ap]x  ar  to  belong  to  the  dimctric  system.  They  dissolve  readily  in  water  and  produce 
gj'mtory  movements  on  the  surface  of  that  liquid.  They  contain  4*16  to  3*88  pc*rcent. 
cFdurine,  3o’9G  to  35  70  bad,  and  24*32  to  24*2  barium.  (Nickles,  Ann.  Ch.  Pharm. 
Ixi.  843. 

Propionate  of  Silver,  C’H^AgO^  is  obtained  by  adding  nitrate  of  silver  to 
the  conw'ntrated  aqueous  solution  of  the  sodium  salt  ns  long  ns  a precipitate  is  formed, 
boiling  the  precijiitate  in  the  liquid  till  it  dissolves,  whereupon  some  of  the  silver 
is  reduced ; and  filtering  at  the  boiling  heat:  the  liquid  then  on  cooling  yields  white, 
shining,  heavy  granules,  which,  when  examined  by  the  microscojw,  are  found  to  consist 
of  needles,  xlie  salt  when  merely  exposed  to  light  remains  unaltered  for  several  weeks; 
but  at  100®  it  suffers  partial  decomposition  and  becomes  bbick-brown.  At  a higher 
teniporature,  it  melts  quietlv  and  burns  away  without  noise  (Gottlieb).  V^en  the 
precipitate  is  dissolveil  in  boiling  water,  the  greater  part  of  it  decomposes;  and  the 
crystals  obtain»Hi  from  the  solution  decompose  when  neated,  giving  off  acid  rapoore 
(duckelberger).  According  to  Frankland  and  Kolbe,  it  forms  small  crystalline 
Inminm,  which  either  in  the  diy  state  or  in  solution,  blacken  when  exposed  to  light 
or  heated  to  100®.  It  is  less  soluble  in  water  than  the  acetate. 

When  propionic  acid  is  warmed  with  earl>onato  instead  of  oxide  of  silver,  an  acid 
silver-Milt  ap|)earK  to  l>e  fonned,  and  crystals  may  be  obtained  containing 
C*U*0*.  (Wanklyn.) 
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Acetopropionatf  of  Silver,  C*H*AgO*.C*H*AgO’,  is  produced  by  boiling  nitrate  of 
silver  with  a mixture  of  acetAte  and  pro[uoimte  of  aodium.  The  iiltervd  solution  on 
cooling  deposits  the  double  salt  in  arborescent  groups  of  shiniug  needles.  The  crystuLs 
may  be  dried  ut  100^  without  alteration ; they  do  not  melt  at  a stronger  heat  and  are 
but  sligiitly  soluble  in  water.  The  solution  blackens  when  boiled,  from  deposition  of 
metallic  silver. 

Acetopropionic  acid  is  also  produced  by  the  fermentation  of  calcic  citrate  in  contact 
with  putrefying  curd.  (How,  Chem.  Soc.  Qu.  J.  v.  1 ; Om.  ix.  408.) 

Subatitution-derivativei  of  Propionic  acid, 

Bromoproplonlo  aeldt  C*H‘BrO*.~-Produced : 1.  By  heating  1 at.  propionic 
acid  with  2 at.  bromine  to  160®  for  several  days,  and  collecting  the  product  which 
passes  over  on  fractional  distillation  be  tween  190®  and  210®  (Fried el  and  Machuca, 
Compt.  rend.  liii.  408;  Jahresb.  1861,  p.  379). — 2.  By  the  action  of  hydrobromie  acid 
on  lactic  acid : 

C>HK>*  + HBr  - C*H‘BrO»  + H*0. 

When  lactic  acid  is  heated  to  180® — 200®  in  a stream  of  gaseous  hydrobromie  acid,  a 
small  quantity  of  bromopropionic  acid  distils  over;  but  a better  mode  of  pr»-paruiion 
is  to  heat  lactic  acid  with  rather  mon*  than  an  equal  volume  of  cold  saturated  aqu**ous 
hydrobromie  acid,  in  sealed  tul>e8  to  100®  for  several  days,  then  agitate  the  product  with 
ether  free  from  alcohol  and  distil  the  ethereal  solution.  The  portion  whieh  distils 
above  180®  yields  a large  quantity  of  bromopropionic  acid.  Sometimes,  however,  car- 
bonic oxide  is  formed  at  the  same  time  togetlier  with  a fragrant  liquid  which,  wlien 
treated  with  alcoholic  etlier,  yields  a considerable  quantity  of  ethylic  bromopropionate. 
(Kekul^,  Ann.  Ch.  Pharm.  exxx.  11.) 

Bromopropionic  acid  prepared  from  lactic  achl  boils  at  202®  (corrected  205*6®)  »uul 
solidifies  at  » 17®  to  a radio-crystalline  mass.  It  is  converted  by  aiHiium^ainaljjam  into 
propionic  acid  (Kekul4),  and  by  boiling  with  zinc-oxide,  into  lactic  acid  (Friede! 
and  Machuca;  Kekul6).  When  heated  with  alcoholic  amoionia,  it  yields  aluniuo 
together  with  bromide  of  ammonium  (Kekul6) : 

C»H*BrO“  + 2NH*  - C-U’NO*  + NH‘Br. 

nroroA|»ro«  Alanine, 

pioii.c  acid. 

An  8w*id  called  hromitonic  acid,  haringthe  composition  of  dibromopropionic  acid, 
C’Il*Br^O%  is  produced  by  the  action  of  bromine  on  citraconie  acid  in  presence  of  excew* 
of  {>otash  (C a hours).  See  Citraconic  Acid  (i.  993). 

CtUoroproplonte  woid«  C^HH^IO*. — This  acid  does  not  appear  to  be  formed  by 
the  action  of  chlorine  on  propionic  acid,  but  is  obtained  by  the  action  of  water  on 
chloride  of  lactyi  or  chlorine  of  chloropropionyl,  (C*H*0)"C1*  or  C^H*C*10.Ci  (iii.  466). 
It  is  less  volatile  than  propionic  acid,  and  smells  like  trichlonieetic  acid.  Nascent 
hydrogen  converts  it  into  propionic  aci<l  (p.  730).  Its  sihur-ealt,  C’H^Cl.VgO*  is  less 
soluble  in  water  tlian  the  propi<-nate,  and  is  resolved  by  l>oiUngwith  wafer  into  chloride 
of  silver  and  lactic  acid.  The  lead-mlt  ilecoraposes  in  like  manner  tUlrieh,  Ann.  Ch. 
Pharm.  cix.  271).  The  barium-tali,  C'*H*Ba 'Cl’0\  evaporatnl  with  chloride  of  sine, 
yields  a sim-aalt  having  the  properties  of  sarcolaclate  of  *iuc.  (Irippmann,  Ann.  Ch. 
Pharm.  cxxix.  81.) 

Respecting  Chloropropionate  Etbrjl,  si*c  PitopioNic  Ethkrs, 

Zodoproplonio  aoid,  (Beilstein,  Ann.  Ch.  Pharm,  cxx.  226;  exxii. 

366  ; Jahresb.  1861,  p.  668;  1862,  p.  214). — Pro*iuml  by  the  action  of  iodide  of  phos- 
phorus on  glyceric  acid.  To  prepare  it,  62  cub.  cent,  of  glyo  ric  acid  having  a density 
of  1*26  aremixetl  with  100  grm.s.  iodide  of  phosphorus  (added  in  three  separate  portions), 
and  as  soon  as  the  action,  which  roa3’  bi'  allowed  to  go  on  with  considerable  energy*,  is 
complete,  tho  residue  is  whsIuhI  witli  ice-cold  water,  till  the  water  runs  oil  colourless, 
and  the  iodopropionic  acid  which  remains  is  cr^stullised  once  or  twice  from  boiling 
water.  The  portion  ri'inaining  in  the  mother-liquor,  ma}*  be  extracted  by  ether  frne 
from  alcohol,  nut  by  evaporation,  us  the  aqueous  solution  is  decomposed  by  heat.  If 
ether  containing  alcohol  is  us*'d,  ethylic  ifxtopropiouute  is  produced. 

Iodopropionic  acid  forms  a dazzling  white,  nacreous,  c^y^tallme  mass  melting  at  82®. 
It  is  easily  soluble  in  hot  water,  very  slightly'  in  cold  water.  The  mother-liquors  of 
the  acid,  when  slowly  evaporated  over  oil  of  vitritd,  deposit  it  in  large,  well-developed, 
Hp{sirently  monoclinic  ciystals.  The  acid  dissolves  very  easily  in  alcohol  and  etiier, 
has  a strong  acid  resiction,  and  decomposes  carbonates.  Hydrochloric  acid  gas  passed 
into  the  alcoholic  solution,  converts  tile  acid  into  the  ethylic  ether. 

The  salts  of  iodopropionic  acid  are  converted  by  boiling  with  water  into  metallic  iodiile 
aid  hydracrylic  acid  (tii.  177): 
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4C*H‘IO*  + 3U*0  - C'*II”0"  + 4HI. 

loctoprfjpiooic  Hydrarrylic 

«cid.  acul. 

Wltroproptonlo  ftcld,  C*H*NO*  « C*II*(XO*jO^  (Chancel,  Ann.  Ch,  Pharm. 
lii.  295. — Laurent  and  Chancel,  [3]  vii.  355;  xiii.  462). — Prciduced  as  a heavy 
yellow  oil  by  heating  butyral  or  bul^Tone  with  nitric  acid,  and  precipitating  with  water. 
It  has  an  aromatic  oJour,  a very  aweet  taste,  is  dissolved  slightly  by  water,  and  in  all 
proportions  by  alcohol.  It  remains  fliiiJ  even  at  very  low  temperatures;  is  easily  set 
on  fire,  and  bums  with  a reddish  flame. 

The  nitropropionates  are  generally  yellow  and  crysUllisable : they  all,  excepting 
the  ammonium-salt,  decompose  with  a kind  of  explosion  when  gently  heated.  Mineral 
aciils  decompo.se  them,  pre<*ipitating  the  oily  acid. 

The  ammonium-salt,  C*H*(NH'xN0*)0*.H*0,  may  be  sublimed  without  decomposi- 
tion. It  decomposes  spontaneously  when  kept  in  a close  vessel,  yielding  a gaseous 
and  a liquid  product.  Sulphydric  acid  decomjwses  it,  with  precipitation  of  sulplmraod 
formation  of  new  products.  The  potassium-salt,  C*H*KfN0*)0*.H*0,  is  obtained  in 
fine  yellow  scales  by  dissolving  the  acid  in  alcoholic  potash.  It  gives  off*  its  water 
at  HO®,  and  decomposes  with  explosion  at  a few  degrees  higher.  It  dissolves  in 
20  pts.  watt'r,  but  is  nearly  insoluble  in  alcohol. — The  ccpptr-salt  is  a dirty-green  pre- 
cipitate.— The  Uad-satt  is  a yellow  precipitate.— S/Zerr-aa//,  C*H^Ag(N0^)0*.HH). 
When  a solution  of  the  pota-ssium-salt  is  mixed  with  nitrate  of  silver,  a yellow  preci- 
pitate is  formed,  probably  consisting  of  a basic  salt;  for  on  boiling  it  with  water,  oxide 
of  silver  is  deposited,  and  there  remains  in  solution  a silver-salt,  which  ciystallisea  in 
rhomboi'dal  platos,  and  has  the  composition  above  indicated. 

FKOPXOHXO  AXiBSH-TOE.  C*H‘0  - C*H*O.H.  Hydride  of  Propionyf. 
Metacetic  Aldehyde.  J*ropylaldid. — This  compound,  discovered  in  1847  by  Guckel- 
berger  (Ann.  Ch.  Phann.  Ixiv.  39),  is  produced:  1.  Together  wth  several  other 
aldehydes  and  acid.s,  by  distilling  casein,  albumin,  or  fibrin  with  sulphuric  acid  and 
|>oroxidc  of  manganese,  or  sulphuric  acid  and  potassic  chromate  (Guckelberger). — 
2.  Together  with  butyric  aldehyde,  by  the  ary  distillation  of  a mixture  of  calcic 
formate  and  butyrate  (Michaelson,  Ann.  Oh.  Pharm.  cxxxiii.  182). — 3.  Together 
with  butyric  aldehyde,  propionic  acid  and  butyric  acid,  by  distilling  tetiylic  (buiylic) 
alcohol  with  sulphuric  acid  and  potassic  chromate  (3Iichaelson,  thid.  cxxxiv.  69). 

Pn^>aration. — 1.  By  distilling  1 pt.  of  dry  casein  with  3 pts.  of  peroxide  of  manga- 
in'se,  4^  pts.  oil  of  vitriol,  and  30  pts.  water.  8kiromcd  milk  is  left  to  cojigulate;  the 
ciml,  frt'ed  as  completely  as  possible  from  the  whey  by  washing  with  water  and  pressure, 
is  ilissolved  at  60*^  to  80®  in  dilute  sodic  carbonate ; the  solution  is  maintained  at  that 
temperature  for  some  hour-s  the  scum  tliereby  formed  being  caridully  removed;  the 
hliglitly  turbid  liquid  is  precipitated  by  dilute  sulphuric  acid ; the  curd  nq>eatedly  stinvd 
up  with  hot  water,  and  the  liquid  each  time  pressed  out  of  it,  till  the  water  runs  awnv 
quite  clear ; and  the  resulting  casein,  which  contains  but  a tr:u*e  of  fat,  is  dried. — 4*5 
pts.  of  oil  of  vitriol  are  next  diluted  with  9 pta  water  ; the  mixture  is  cooled  to  60®  or 
40®;  I pt.  of  diy  casein,  pulverised  as  finely  as  jx>saible,  is  gradually  addt-d  to  it,  with 
constant  stirring,  till,  in  the  couwe  of  a few  hours,  it  dissolves,  and  forms  a br'^wn  or 
violet  solution;  ami  the  remaining  portion  of  fat,  which  theu  rises  to  the  surface,  is 
skimmed  off.  The  solution,  after  standing  for  a day.  is  diluted  with  10  pts.  water,  and 
introduced  into  a retort  Ini^  enough  to  hold  twice  tlm  quantity  and  containing  IJ  pt. 
manganic  peroxide  ; 11  pts.  of  water  are  added  (makiug  up  the  30) ; the  liquid  is  dis- 
tilled into  a well  cooled  receiver,  as  long  as  any  odoriferous  products  pass  over  ; 1^  pt. 
more  manganese  is  introduced  into  the  is'tort,  together  with  a quantity  of  water  equal 
to  tliat  which  has  already  passed  over;  and  the  liquid  is  again  distilled  as  long  as  the 
distillate  has  any  odour. 

The  strongly  acid  and  pungent  distillate  is  neutralised  with  chalk,  and  distilled  to 
one-half;  and  the  resulting  neutral  distilhite  containing  acetic,  propionic,  butyric,  and 
benasoic  aldehydes  is  redistilled  into  a well  cooled  rect'iver,  collecting  only  the  first  portion 
which  passes  over,  till  this  distillate  presents  the  appearance  of  a milky  v\ater  covered 
with  yellow  oil,  becoming  clear  as  it  cools,  and  gradually  depositing  bitter  almond  oil. 
To  separate  the  propionic  aldehyde,  the  milky  liquid  is  introuiiced  into  a retort  or  flask, 
to  which  is  adapted  a long  tube  slanting  upwards  at  first,  and  afterwards  conveying 
the  ^*apourfl  into  the  downwardly  inclined  condensing  apparatus,  and  heated  in  the 
water-bath,  at  first  only  to  40®or60®,at  which  temperature  nothing  but  acetic  aldehyde 
passes  over,  whilst  the  propionic  aldehyde  condenses  in  the  upwardly  inclined  tube, 
and  flows  back  again.  The  propionic  aldehyde  is  then  distilled  over  at  65®  to  79®,  the 
first  {xirtious  still  containing  acetic  aldehyde,  whilst  the  la.st  portions,  which  must  be 
cullfctoil  apart,  are  free  from  that  impurity,  and  have  a pleasant  ethereal  odour  (at  a 
higher  temperature  the  butyral  passes  over,  and  above  190®,  the  bitter  almond  oil). 
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The  distillate  collected  between  66®  and  75®  is  dehydrated  oror  chloride  of  calcium, 
and  redistilled,  whereupon  it  begins  to  boil  at  40®.  The  distillate  collected  between  50® 
and  70®  is  tolerably  pure  propionic  aldehyde,  not  however  exhibiting  a perfectly  con* 
Btant  boiling  point. 

The  formic,  acetic,  propionic,  butyric,  valeranic,  caproic,  and  benzoic  a<'i<ls,  likewise 
formed  by  the  oxidation  of  the  casein,  remain  in  the  retort  as  calcium-salts  after  the 
Tolatilisation  of  the  aldehydes.  (Guckelberger.) 

2.  A mixture  of  I at.  calcic  formate  and  1 at.  calcic  butyrate  )’iolds  by  frictional 
distillation  a product  which,  after  being  neutralised  by  oxide  of  lead  and  drii*d  by 
chloride  of  calcmm,  is  resolved  by  fractional  distillation  into  propionic  aldehyde, 
boiling  between  64®  and  63®  ; butyric  aldehyde  passing  over  between  65®  and  90®,  and 
amounting  to  about  two-thirds  of  the  whole  ; and  a small  quantity  of  a liquid  boiling 
between  48®  and  53®.  (Michaelson.) 

3.  When  12  pts.  of  pure  tetr}‘lic  alcohol  are  added  by  small  portions  to  a mixture  of 
20  pts.  sulphuric  acid  and  16  pts.  of  acid  potassic  chromate  dissolved  in  water,  the 
mixture  be<^mcs  hot  and  gives  off  carlxmlc  anhydride,  so  that  external  healing  is 
rixjuirod  only  towards  the  end  of  the  reaction.  On  distilling  the  product,  propionic 
and  butyric  acids  and  aldehydes  pas.s  over  below  100®,  while  a considerable  portion  of 
the  alcohol  remains  unuttacked;  and  on  neutralising  the  acids  with  oxide  of  lead, 
dehydrating  the  liquid  with  chloride  of  calcium,  and  submitting  it  to  fractional  distil- 
lation, the  propionic  aldehyde,  which  constitutes  the  greater  pail  of  the  product,  passes 
over  Ix'tween  59®  and  61®.  (Michaelson.) 

Propionic  aldehyde  is  a limpid  neutral  liquid,  having  an  ethereal  odour.  Sp.  gr.  =» 
079  at  15®.  Bolling  point  between  55®  and  65®  (Guckelberger) ; 64®  and  63® 
(Michaelson).  Vapour-density,  obs.  2111  (Guckelberger) ; 2 01  (Michael- 
son);  calc.  = 2'01.  It  turns  acid  slowly  in  the  air,  rather  quickly  in  contact  with 
platinum-black  (Guckelberger).  When  heated  to  100®  with  recently  precipitated 
silver-oxide  and  a little  water,  it  is  converted  into  propionate  of  silver,  with  separation 
of  specular  metallic  silver: 

2C>H*0  + 3Ag*0  - 2C»H*AgO  -i-  IPO  + Ag\ 

This  character  distinguished  propionic  aldehyde  from  acetone,  with  which  it  is  isomeric. 
(Michaelson.) 

Tribromopropionic  AUhhpde,  C*IPBr*0. — A body  having  this  0{>mposition  is  formed 
in  small  quantity,  tc^ether  with  acid  products,  by  tlie  action  of  bnunine  on  the  alkaline 
salts  of  citraeonic  acid  (i.  993).  It  is  a neutral  oil  insoluble  in  pure  water  and  in 
alkaline  solutions  ; easily  soluble  in  alcohol  and  ether;  partially  decom{>osed  by  heat. 
It  is  unci  rtain  whether  this  !>ody  is  a derivative  of  propionic  ahlehyde,  or  of  acetone. 

}\ntackloroprfmbmic  Aldrhydf  or  Propionic  Choral,  C’HCPO. — This  comp'>und 
occurs  amongst  tne  products  obtained  by  distilling  start'll  with  hydrochloric  acid  and 
manganic  peroxide.  On  saturating  the  crude  distillate  with  chalk  or  sodic  carbonate, 
and  rectifying  over  a small  quantity  of  calcic  chloride,  the  propionic  chloral  pii.sscs  over 
in  the  6rst  portion  of  the  distillate,  together  with  an  oily  body,  from  which  it  may  b© 
separated  by  agitating  the  liquid  several  times  with  ice-cold  water,  decanting  the  solu- 
tion when  saturated,  and  lieating  it,  the  propionic  chloral  then  separating  in  heavy 
drop«  having  a faint  yellow  colour.  By  diffusing  these  drops  in  a small  quantity  of 
water,  and  cooling  to  0®,  colourless  rhombic  tablets  are  obtained,  which  may  be  purified 
fn>m  adhering  oil  by  pressing  them  in  the  cold  l>etween  bibulous  paper.  They  con- 
sist of  a hydrate  of  propionic  chloral,  C*HC1H).4IP0.  (Stadeler,  GerhardCs  7rni7r, 
ii.  434.) 

P&OPZOWXO  BTHJBA8.  These  compounds  have  not  been  much  examined,  the 
ethybeompounds  of  propionic,  bromopropionic  acid,  Ac.,  being  the  only  ones  yet 
obtained. 

Kthylic  Propinna  fr,  C**H‘(C^H‘)0*,  is  prepared  by  heatingsilrer-propionate  with 
a mixture  of  absolute  alcohol  and  sulphuric  acid,  and  is  sepamtiKl  from  the  product  by 
water,  in  the  form  of  n liquid  lighter  than  water  and  haring  a pleasant  fruity  odour. 
It  is  quickly  decomposed  by  ammonia  into  alcohol  and  propiooamide. 

Ethylic  Bromopropionate^  was  obtained  by  Kekule.  by  treating  with  alcoholic 
ether  the  fragrant  liquid  sometimes  produced  in  the  preparation  of  bromopropionic 
acid  by  the  action  of  hydrubromic  acid  on  lactic  acid  (p.  733). 

Eihylic  C*/oro;jropiona/e,  C*H»C10»  » C?'HXC»H*)C10»  - 

KthyUe  Odor<dariate  (A.  Wurtz,  Ann.  Ch.  Pharm.  evii.  192;  cxii. 

232;  Ulrich,  Ohem.  Qu.  J.  xii.  23). — This  ether  is  produced,  together  with 
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ethylic  chloride  and  water,  by  the  action  of  abaolote  alcohol  on  chloride  of  chloropro* 
pioDjl  (chloride  of  lactyl,  iiL  646) : 

CH*OCl*  + 2C*H*0  - C»H»aO*  + C»H*C1  + H»0. 


It  is  a liquid  having  a pleasant  aromatic  odour,  a specific  grarity  of  1'097  at  0*^,  and 
distilling  without  decomposition  at  160®.  Vapour^ensity,  oba.  4*9  (Wurt*); 
calc.  » 4'7<  When  heat^  with  todium-etkylaU,  it  is  conreited  into  dit*tbyUc  lactate 
(Wurtr,  iii.  464) : 


(C>H*0)")0 
C»H‘  5 Cl 


C»H» 

Na 


(C«H*0)" 


0* 


NaCL 


By  the  action  of  na$cmt  hydrogen  (zinc  and  dilute  sulphuric  acid)  it  is  converted  into 
propionic  acid.  (Ulrich.) 

Ethylie  lodopropionatft  C*H*(C*H*)IO*. — Obtained  by  passing  hydrochloric 
acid  gas  into  an  alcoholic  solution  of  iodopropionie  acid  (p.  734).  It  is  a colourlr^ 
strongly  aromatic  liquid,  heavier  than  water,  soluble  therein,  and  easily  soluble  in 
alcohol.  It  boils  between  180®  and  200®,  and  appears  to  volatilise  without  decomposi* 
tion.  (Beilstein.) 

FROVZOirXTazUh  C*H‘N,  or  Cyanide  of  Ethyl,  C*H*.CN. — The  formation, 
prop^Tties,  and  most  of  the  reactions  of  this  compound  have  been  described  undrf 
CvANiDts  (ii.  211).  The  products  obtained  by  treating  it  with  chlorine  have  recectlr 
been  examined  by  R.  Otto  (Ann.  Ch.  Pharm.  ciri.  196;  R^p.  Chim.  pure,  1861,  p. 
257;  Ann.  Ch.  Pharm.  cxxxii.  181;  Bull.  Soc.  Chira.  1868,  i 293). 

Dry  chlorine  passed  into  gently  heated  propionit  rile,  forms  dicbloropropionamide 
(p.  729),  and  dichloropropionitrile,  C*H*CPN,  which  may  be  separated  by  s 
freezing  mixture,  the  former  then  crystoUisini?  out ; and  on  submitting  the  remaining 
liquid  to  fnictiunul  distillation,  dichloropropionitrile  passes  over  b<‘lween  104®  and  107®. 

Dichloropropionitrile  is  a limpid  liquid  having  a disagreeabie  eth^eal  odour, 
insoluble  in  water,  soluble  in  alcohol  and  in  ether,  decomposing  in  badly  closed  vesseU. 
It  bums  with  a smoky  flame,  emitting  pungent  vapours.  When  boiled  with  alkali,  it 
gives  olF  its  nitrogen  hs  ammonia,  the  last  portions  however  going  off  very  slowly,  aisl 
yields,  tirst  chlorinated  aciils,  then  acids  live  from  chlorine. 

The  residue  left  after  the  distillation  of  the  dichluropropionitrilc  isacrystalline  znasa 
having  the  wime  composition  and  probably  consisting  of  a polymeric  m<Klificafion.  U 
forms  flue  ciystuls  or  scales  melting  at  74  6®,  subliming  with  partial  decomposition, 
in-*».dublo  in  water,  melting  in  boiling  water,  and  distilling  over  with  aqueous  vapour. 
It  <li»#K>lve«  nt  26®  in  7*17  pts.  of  absolute  alcohol,  and  in  0'77  pt.  of  ether.  With 
alkalis  and  acids  it  behaves  like  the  liquid  modification. 

The  action  of  uwUi  chljrine  on  propionitrilo  is  very  energetic,  and  is  attended  with 
rise  of  temperature,  und  the  formation  of  a greater  number  of  products.  Propionitrile 
distils  over  holding  in  solution  hydrochlorate  of  propionamiue,  which  it  deposits  in 
cr)‘stals  (p.  729);  hydrochloric  acid  is  evolved;  sal-ammoniac  is  deposited  ; and  if  the 
action  of  the  chlorine  be  continued,  with  cohobution,  there  finally  remains  a mass  of 
crystiils.  which,  when  washed  w ith  cold  water,  and  dissolved  in  ab^lute  alcohol,  yields 
first,  small  iridescent  laminie  of  a body  A,  having  the  composition  ; then 

after  the  oily  mother-liquid  has  been  left  for  some  time  over  oil  of  vitriol,  crystals  of 
tt  body  B containing  C*H'*CI*N*0* ; and  finally,  an  uncrystalUsable  oil  C. 

The  body  A ap|)ears  to  be  formed  according  to  the  equation  : 

3C»H*N  + 6C1*  + 4H*0  « + 4HCI  ■¥  NH«C1. 

It  melts  between  166®  and  168® ; sublimes  when  cautiously  heated ; is  insoluble  in 
water,  but  soluble  in  alcohol  and  etiier ; and  crystallises  in  small  rhombic  lamirue- 
Its  solution  in  dilute  hydrocliloric  acid  forms  a precipitate  with  platinic  chloride,  after 
standing  fur  some  time. 

The  body  B melts  l>etween  161®  and  162®,  and  in  other  respects  resembles  A. 

The  uncrystalUsable  oil  C appears  to  consist  of  the  body  A,  contaminated  with  other 
products  of  substitution.  In  contact  with  sodium-amalgam  and  water,  it  dissolves 
without  evolution  of  hydrogen  ; and  acids  separate  from  the  resulting  liquid  a yellowish 
mass,  whose  solution  iu  dilute  alcohol  containing  hydrochloric  acid,  yields,  besides  un- 
crystallisable  mother-liquor,  feathery  crystals  of  a body  D,  which  melts  at  163® — 164® 
and  containa  ('•H**CI*N*0*. 

The  oil  C distilled  in  a saltpetre-bath  yielded  a small  quanti^  of  dicbloro-propio- 
^ nilrilo  containing  h^rochloric  acid,  and  a brown  residue  which  solidified  in  a crystalline 
mans,  and  (liasolvod  in  alwolute  alcohol,  leaving  a slight  residue  of  aal-ammoniac.  This 
:ilc%)hoIic  Nolution  deposited  the  three  following  crystallisable  com{)ounds,  distinguished 
by  their  melting  j>oint8  and  their  solubility  in  alcohol  : 
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E. 

C"H’*C1*N<0' 

Melting  point. 
189  tu  191“ 

sparingly  soluble. 

F. 

C‘*H”C1*N'0' 

lfi6  to  158“ 

more  soluble. 

G. 

C'*H“C1’N*0' 

214  to  215“ 

from  the  mother-liquor. 

Tb«  action  of  moint  chlorine  on  propionitrile  in  diffhaed  daylight  likewise  gives  rise 
to  the  formation  of  other  compounds,  out  they  are  very  difficult  to  separate. 

\Vlien  moist  chlorine  acts  on  propionitrile  in  direct  sunshine,  the  resulting  brown 
liquid  deposits  on  standing,  crystAls  of  dichloropropionamide,  and  the  liquid  decanted 
therefrom  yields  by  distillation,  first  water,  hydrochloric  acid  and  propionitrile,  then 
(between  100'^  and  120®)  dichloropropionitrile,  and  lastly  (above  120®)  dichloropro- 
pionaiuide,  together  with  solid  dichloropropionitrile  (p.  736).  In  one  experiment  the 
liquid  deposited  after  some  time,  cubic  crystals,  C*H'^C1*NK).3HC1,H*0,  easily  soluble 
in  water  and  in  alcohoL 

ntOVIX  or  TKZXYli,  (?!!’,  The  third  of  the  series  of  alcohol-radicles,  OH**+*. 
(See  Trityi  .) 

P&OPTXiAMm.  See  Taittlakixx. 

PXOFTUirB.  See  Trittlr.vc. 

VSOPTlklO  AXC0H01%  &THSB,  dko.  See  Trittuc  Alcohol,  Ether,  &c, 

PKOSO VXTS.  A mineral  occarnng  at  Altenberg  in  the  Erzgebiigc  in  crystals,  more 
or  less  altered  to  kaolin.  The  nucleus,  if  still  unaltered,  is  colourless  and  tran^arent. 
llcfore  the  blowpipe  it  becomes  white  and  opaque  without  fusing,  and  gives  off 
and  hydrofluoric  acid.  It  is  decomposed  by  sulphuric  acid.  A colourless  specimen  of 
specific  gravity  2*89  was  found  by  Hcheerer  (Pogg.  Ann.  cL  361)  to  contain  8 96 
fluoride  of  silicon,  42*68  alumina,  22*08  lime,  0*31  manganous  oxide,  0*25  magnesia, 
O ld  potHMh,  and  16*50  water  (»  90*83),  from  which  it  is  impossible  to  deduce  a defi- 
nite furmulu.  According  to  Scheerer’s  measurements,  the  crystalline  form  of  prosopite 
approaches  nearly  to  that  of  heavy  spar.  Dana,  on  the  other  hand  {Minrralogy,  ii. 
602),  reg'irds  it  as  more  nearly  allied  to  datholite.  Brush  (Sill.  Am.  J.  [3]  xx.  273) 
found  in  \Sou-t-coloured  crystals  of  so-called  prosopite  great  diversity  of  form  and 
composition.  Some  were  violet  and  consisteil  of  fluor-spar;  others  were  white,  soft 
and  opaque,  and  consisted  of  a hydrated  aluminio  silicate. 

PSOTAOOIf*  A name  given  by  Liebreich  to  a substance  believed  by  him  to  be 
the  chief  constituent  of  nervous  tissue,  from  which  cereV>rin,  myelin,  Ac.  are  developed. 
To  prepare  it,  bniin-substance,  freed  as  much  as  possible  from  blood,  is  reduced  to  a pulp 
and  trested  with  water  and  ether  at  0®.  From  the  remaining  moss  the  protagon  may 
be  extracted  by  alcohol  of  86  per  cent,  at  45®.  On  cooling  the  alcoholic  solution  to  O'®, 
an  abundant  precipitate  is  formed  which,  after  being  well  washed  w'ith  ether  and 
^ed^^solv<Hl  in  warm  alcohol,  crystallises  on  cooling  in  uciculur  bundles. 

Protagon  is  colourless,  inodorous,  scarcely  soluble  in  ether,  very  soluble  in  warm 
spirit;  with  water  it  swells  up  to  a gelatinous  mass,  which  on  further  dilution  be- 
comes an  opalescent  fluid.  Composition,  C"*H’*'N^PO”.  Boiled  with  concentrated 
baryta-water,  it  is  decomposed  into  glycero-phosphoric  acid  and  a new  base,  neurine. 

M.F. 

F&OTSXW  (vpATTfibr,  **  pre-eminence  **)  is  the  name  given  by  Alulder  to  a product 
obtained  by  the  action  of  potash  on  albuminoids.  He  considers  protein  to  be  a definite 
compound  forming  the  base  of  all  the  albuminoids,  and  imagines  that  these  bodies  differ 
from  one  another  only  by  varying  quantities  of  ntijiimule  (NIP)^S,  and  phosphimide 
NH*P  (according  to  Mulder  its  formula*  This  ingenious  theory  is, 

however,  disproved  by  the  fact  that  protein  is  not  a horot^noous  compound,  at  has 
been  clearly  shown  by  the  experiments  of  Liebig  and  his  pupils ; in  fact,  it  is  nothing 
more  than  the  albuminous  substance  more  or  less  modified  and  always  contains  a 
certain  quantity  of  sulphur.  For  when  an  albuminoid  isdissolved  at  the  common  tem- 
perature in  dilute  potash,  and  the  solution  is  saturated  by  an  acid,  the  precipitate  thus 
formed  (protein)  contains  the  whole  of  the  sulphur,  not  a traceof  which  can  be  detected 
in  the  mother-liquid.  If  concentrated  potash  he  employed,  and  the  liquid  heated,  part 
of  the  sulphur  is  ri  moved  from  the  albuminui'd,  and  the  solution  being  saturated  with 
an  acid,  Yields  a prop<'i  tionally  smaller  precipitate,  still  containing  smphur.  Finally, 
if  the  whole  of  the  snlpliur  be  extract^  from  the  albuminoid,  the  a^aline  solution 
yields  no  precipitates  with  acids  (Laskowski).  According  to  Fleitmann  and 
Laskowski,  the  reaction  takes  place  more  rapidly  in  weak  potash,  if  the  liquid  be 
heated  with  oxide  of  bismuth  or  silver.  These  oxides  do  not,  however,  remove  all 
the  sulphur.  All  the  desulphurised  mutter  appears  to  remain  in  solution. 

The  following  are  analyses  of  the  so-called  protein  ; they  will  be  observed  to  differ 
very  little  from  the  composition  of  albumin. 

VoL.  IV.  3 B 
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FlMimann. 

Duma*  and  Sch«*rer.  ^ 

Cahunr*.  — ^ By  the  actkin  of  oxhl?  of 

Mulder,  /r.  ea»n».  Jr.  fibrin.  Jr.  bf>rn.  bt$m»th  oo  white  od  cff. 


Carbon 

fi4'6 

54  4 

54  1 

54-7 

53-8 

541 

Hydrogen  . 

6-9 

71 

70 

, , 

7-3 

7 1 

Nitrogen  . 

16-6 

15-9 

156 

16’2 

15-9 

Sulphur 

. . . 

. . 

14 

1-5 

Oxygen 

. . . 

. . 

. . 

21-5 

21-6 

Oxyprotetfiy  or  binozido  of  protpin,  is  another  of  Muldfp’s  compounds,  the  ex- 
istence of  which  Reems  as  little  proved  as  that  of  protein.  It  remains  lusolnble  when 
fibrin  is  boili«d  with  water,  and  is  suopt^ed  by  Mulder  to  constitute  the  membrane  of  the 
red  blood-cells,  and  to  enter  into  tliu  composition  of  the  pellicle  w’hich  separates  from 
inflammatory  blood  {Cottenne  inflammatoire).  According  to  v.  Ij;»er,  it  is  also  precipi- 
tated, after  the  protein,  by  the  addition  of  an  acid  to  the  solution  of  horuy  matters  in 
]>otash.  Mulder  found  53*1  per  cent  C,  6*9  per  cent  H,  uud  14*1  per  cent  N,  and 
0 7 per  cent.  S. 

Mulder  dtacribes  several  other  substances,  which  do  not  present  the  characteristics  of 
pure  compi^unds,  e.g,  Trioxyprotan  (an  iu.Holuble  matter),  €rythro-protidt  (red  ex- 
tr.ictire  mat  t«T),  prof (a  bitter,  soluble  substance),  acidy  gailotannatr 

of  prott'iHy  and  chlorite  of  protnn. 

(Mulder,  J.  pr.  Chem.  xvi.  129;  xvii.  312,  315;  Ann.  Ch.  Pharm.  xxxi.  129. — 
Liebig,  ibid.  Ivii.  132. — Floitmann,  ibid.  Ixi.  131.)  C.  E.  L. 


PSOTaaXTS.  Syn.  with  Vbsutiax. 

PSOTXO  ACX1>.  An  acid  existing,  according  to  Limpricht  (Ann.  Ch.  Pharm. 
cxxviti.  185;  Johrcsb.  1863,  p.  648),  in  the  flesh-juice  of  the  roach  {Lntciscu* 
rutilus)  to  the  amount  of  0*7  per  cent.  When  the  extract  of  the  chop|>od  flesh  prepared 
with  cold  water  is  freed  from  albumin  by  boiling,  the  filtrate  precipitated  by  Imryta- 
Wrtler,  evaporated  after  being  freed  from  the  precipitate,  and  again  after  standing  for 
48  hours,  to  allow  the  creatine  to  separate,  and  the  remaining  liquid  cautiouslT 
mixed  with  an  acid,  it  solidifies  in  consequence  of  the  se|>amtiunof  a flocculent  preci- 
pitate, consisting  of  protic  acid.  This  ucid  is  an  amln'r-yellow  brittle  mass,  onljr 
sparingly  soluble  in  water,  even  at  the  boiling  heat ; its  aqueous  solution  dries  up  to  a 
gelatinous  mass.  It  is  moderately  soluble  in  dilute  acetic,  hydrochloric,  or  sulphuric 
acid,  more  easily  in  aqueous  ammonia,  potash,  soiitt,  baryta,  or  lime.  The  acetic  acid 
solution  is  not  precipitated  by  feirocyanide  of  potassium  ; the  solution  in  ammonia  or 
baryta-water  gives  prodpitatos  with  most  metallic  salts.  Protic  acid  has  nearly  the 
composition  of  the  protein-compounds.  When  boiled  with  dilute  sulphuric  acid,  it  yields 
a large  quantity  of  leucine,  but  apparently  no  t^*rosine.  It  has  not  been  obtuimHl 
from  the  flesh  of  warm-blooded  animals  or  of  herrings,  or  indeed  of  any  fish  exceptiu^ 
the  roach. 


PBOTOBA8TZTB.  An  augitic  mineral  occurring,  with  anorthite,  on  the  eastern 
declivity  of  the  Kadauberg  in  the  Hartz.  It  has  a light  brownish,  or  greenish  to 
greyish-yellow  colour,  with  a silky  glimmer,  and  faint  striution.  Translucent,  or  in 
very  thin  laminse,  transparentw  Exhibits  two  directions  of  eb  avage  inclined  to  each 
other  at  134®,  like  aumte.  Hardness  »»  5 — 6.  Specific  gravity  = 3*29,  Very  thin 
splinters  melt  lieforo  the  blowpipe  to  a greenish-grey  enamel.  Two  specimens  gave  by 
analysis  the  following  results  ; 

Chroroe- 

ao*  Al*0>.  Co«0>.  FeO.  MnO.  C«0.  MitO.  lt»0.  Iron. 

63*45  3*71  0*89  8*54  0 16  2 19  3086  087  0*07  - 10074 

64*16  304  . . ]'/l7  . . 2*37  28*37  0*49  , . - 100  o9 

The  chrome-iron  ore  in  the  first  specimen  was  mechanically  mix*^  and  remained 
behind  on  treating  the  silica  with  potash.  The  ferrous  oxide  in  the  second  spi^cimen 
contaUed  a small  quantity  of  chromic  oxide.  The  analyses  show  that  the  mineral  is 
an  augite  M*O.SiO*,  the  silica  being  partly  replaced  by  alumina.  (A.  S t r e n g,  Julirrsb. 
1861,  p.  986  ; 1862,  pp.  723,  793.) 

PBOTOOATBCBVXO  ACID,  CUPO^ — An  acid  isomeric  with  oxysalicylic, 
carbohydro<iuinonic  (iii.  214),  and  hypogallic  acids  (iii.  239),  or  perhaps  identical  with 
the  latter.  It  is  produced:  1.  Together  \^*ith  oxalic  acid,  acetic  acid,  and  humous 
substances,  by  the  action  of  melted  potash  on  pipcric  acid  (p.  654): 

C**n**0*  + 8H»0  - C'iPO*  + + C*H*0»  + CO»  + 7H* 

On  slightly  supersaturating  the  fused  mass  with  sulphuric  acid,  concentrating  and 
iHiiling  the  residue  with  alcohol,  a solution  of  protocat echunte of  potassium  is  obtained. 
This  solution  is  to  be  evaporated;  the  n^sidue  dissolved  in  water;  the  solution  preci- 
piNiti  d by  neutral  acetate  of  ! ;ul,  the  first  portions  of  the  precipitate,  wliioh  are 
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vfllow,  being  pejcclcJ ; and  the  white  ilocka  subsequently  precipitated,  are  to  be  deeom* 
(•osed  )>j  Rulphydric  acid.  An  aqueous  solution  is  thus  obtained,  which,  when  eyapo* 
mted,  yields  protocaterhuic  acid  in  furcate  groups  of  ciystals  andlaiuins.  (Streckor, 
Ann.  Cb.  Pharxn.  cxyiii.  280  ; Gm.  xri.  238.) 

2.  Catechin,  which,  according  to  Kraut  and  v.  Delden  (Ann.  Ch.  Pharm.  cxxviii. 

286  ; Jahresb.  1863,  p.  389),  is  isomeric  with  piperic  add  [or  rather  diflers  from  it  by 
1 at.  water,  haying  the  compoaition  likewise  yields  protocatechuic  add  by 

fusion  with  potash. 

3.  Maclurin  (morintannic  acid,  iii.  1049),  fused  with  potash  is  resolyed  into  proto* 
catechuic  acid  and  phloroglucin  : 

c'»H"o-  -*■  n»o  * c»n‘0‘  + ctpo*. 

1 part  of  maclurin  is  evaporated  in  a silver  basin  with  a solution  of  3 parts  potassium* 
by*lrate,  till  the  mixture  bt-comes  piisty;  the  mass  is  then  acidulated  with  sulphuric 
acid,  evajjorated  to  dryness  and  treated  with  alcohol,  which  dissolves  both  the  piquets 
of  the  rt^action.  The  alcohol  is  then  distilled  off,  and  the  aqut'ous  solution  of  the 
residue  is  trf/ated  with  neutral  acetate  of  lead,  which  precipitates  the  protocatechuic 
acid,  leaviug  phloroglucin  in  solution.  The  leacbprecipitate  is  treated  as  aboye. 
(H  1 asi wetz  and  P faund  ler,  Ann.  Ch.  Pliarm.  cxxvii.  351 ; Jahresb.  1863,  p.  696.) 

4.  By  fusing  guaiaretic  acid,  or  purified  guaiac>resin  «ith  potash.  (Hlasiwets 
and  Barth,  Ann.  Ch.  Pharm.  exxx.  346  ; Jahresb.  1861,  p.  404.) 

Protocatechuic  acid  crystallises  from  aqueous  solution  in  furcate  groups  of  crystals 
and  lamina*  (Strecker) ; in  thin  prismatic  crystals  (Hlasiwetz  and  Pfaundler) ; 
in  tufts  of  needles  belonging  to  the  monoclinic  system  (Hlasiwetz  and  Barth).  The 
c^stals  (air-dried)  contain  O and  give  oflf  their  1 at  water  at  100®.  It 

uissulyos  in  water,  alcohol,  and  ether.  The  aqueous  solution  is  colourt'd  dark  blue- 
green  by  ferric  chloride,  the  colour  changing  to  dark  red  on  addition  of  alkalis.  It 
reduces  nitrate  of  silver  with  aid  of  lieat,  and  on  addition  of  ammonia,  but  does  not 
reduce  potassio  cupric  tartrate  [carbohydroquinonic  acid  separates  cuprous  oxide  from 
the  latter,  iii.  216J.  The  dehydrated  acid  melts  at  199®,  and  is  decomposed  by  dry 
distillation  into  pyrocatechin  (unmixed  with  hydroquinone)  and  carbonic  anhydride : 
C'lPO*  = C'‘K«0*  + C<P. 

Maclurin  (which  is  resolved  by  taking  up  the  <‘lements  of  water  into  protocatechuic 
add  and  phloroglucin)  is  converti-d  by  na.s<‘cnt  hytlrogen  erolyrd  from  sulphuric  acid 
and  zinc,  into  machromin  a white  uncrystnllisable  body,  which  quickly  turns 

blue  under  the  influence  of  air,  light,  boat,  and  oxidising  agents.  It  is  probably  formed 
from  protocatechuic  acid,  according  to  the  equation, 

2C^H‘0*  + + 3H=0. 

By  the  action  of  by<lrogen  in  alkaline  solution,  on  the  other  hand,  maclurin  is  conyert<‘d 
into  an  unrrystallisuble  body  C“H‘*0*,  probably  formed  from  protocatechuic  acid,  as 
shown  by  the  equation  : 

2CIPO*  + H*  - C"H'K)‘  + 3HH). 

(Hlasiwetz  and  Pfaun  d ler,  Bull.  Poc.  Chim.  1866,  ii.  147.) 

The  protocatechiiatcs  assume  a fine  yiolet  colour  when  mixed  with  ferric  salts 
o/i>ariiiM  forms  ciy’stiils  containing  C**H‘*Ba"0*.5H*0  (Hlasiwetz 
Slid  Pfaundler),  and  becoming  anhydrous  at  160®  (Hlasiwetz  and  Barth). 
— The  ra/cium-Aa/t  contMiiis  (Hlasiwetz  and  Pfaundler), 

C‘«jl'*t'a'’(j*.3lPO  (H  Iasi  we  tz  and  Barth). — With  solution  of  neutral  acetate  of  lead, 

the  aqueous  acid  forms  wliite  fltK’ks  of  a basic  salt,  C'*lf"f*b*0*.Pb‘' 0.11*0,  which  dis- 
solve in  ammonia.  iKitash.aml  acetic  acid  (Strecker).  The  latter  solution  when  eva- 
porated deposits  colourless  granules  of  the  neutral  salt  C*‘H'*Pb‘*0*.2]I*0,  which  give 
off  their  2 at.  water  at  140®.  and  dissolve  with  difficulty  in  acetic  acid  (Strecker).  Ac- 
cording to  Hlasiwetz  and  Barth,  the  precipitated  lead-salt  contains  C‘^H'*PbO*.2Pb"0. 

raOTO-COMVOmrilS.  The  prefix  ;>rp/0  was  originally  used  to  denote  the  first 
of  a series  of  binary  compounds  arranged  according  to  the  number  of  atoms  of  the 
electronogative  elomont.  In  this  sense,  cuprous  oxide,  Cu*0,  mercurous  oxide  Hg"0: 
and  stannous  oxide  Sn'O,  would  be  protoxides.  At  present,  however,  it  is  most 
commonly  used  to  designate  that  compound  in  a series  which  contains  1 at.  of  the  electro- 
negative element,  a sense  which  agrees  with  the  former  in  roost  cases,  but  not  in  all; 
stannous  chloride  Sn'X.l*  for  example,  is  a dichloride  according  to  the  latter  significa- 
tion, a protochloride  according  to  the  former.  (See  Noxekclaturk,  p.  123.) 

9&OTOGZVE.  A granite  occurring  in  Mont  Blanc,  consisting  of  quarts,  ortho- 
clase,  oligoclase,  talc,  and  mica.  (Delesse,  Bull.  Soc.  g^log.  dc  la  France  [2]vi.230.) 

PKOXrSTXTS.  lAght  red  Sihrr  ore.  Lichter  RothijHliigers.  ArsaiikeUberblendt. 
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PROVENCE  Oir^PRtlNUS. 


A salphuraenite  of  ailrer  occurring  in  rhomboht>dral  cryst&la,  in  which  the  principnl 
H\is  of  H «•  0'8076,  and  the  angle  of  the  terminal  «dgc«  « 107^  36'.  The  aominant 
faces  arc  those  of  the  scalenoh^rous  U*  and  U*.  combined  with  the  prism  oepi  and 
other  faces.  Clca>*age  tolerably  distinct,  parallel  to  K.  Twins  are  of  frequent  ooenr- 
renco.  The  mineral  also  occurs  granular.  Hardness  ««2>-2‘5.  Specific  gruTity  « 
6*422 — 5*56.  Lustre  adamantine.  Colour  and  streak  cochineal-red.  SubtraDsparcot 
to  suhtranslncent.  Fracture  conchoidal  to  uneven.  Before  the  blowpipe  it  girea  off 
arsenical  fames  and  on  charcoal  ultimately  leaves  a globule  of  silver.  Diaaolves  ia 
nitric  acid.  Gives  by  analysis  19*51  per  cent  sulphur,  15*09  arsenic.  0*69  antimony, 
and  64*67  silver,  agreeing  nearly  with  the  formula  Ag’AsS*  or  SAg^S^AaS*  (H.  Rose, 
Fogg.  Ann.  xv.  472).  Occurs  in  Saxony  at  Johannporgenstadt,  Marienbeiv  and 
Annaherg;  at  Joachimsthul  in  Bohemia;  Wolfach  in  Buden;  Markirchen  in  iUaace; 
Chalanches  in  Dauphin^ ; Guadalcanal  in  Spain ; also  in  Mexico  and  Peru. 

P&OVSVCB  OZ&.  A name  applied  to  olive  oil  obtained  cold  pressure  from 
the  ripe  fruits  immediately  after  gathering. 

PKWB&Ui  SA&T  or  A'i/rum  tabul<itum.  Fused  saltpetre. 

PRXJJfXBr.  Syn.  with  BASsonnr.  (See  Guv,  ii.  955.) 

PBUMJmitXTB.  A greyish'Violet  variety  of  limestone,  from  Faroe. 

PBWU8,  Hum, — 1.  Prunu4  domfstica. — The  composition  of  several  varieties  of 
plum,  as  determined  by  Fresenius  and  others,  is  given  under  Fruit  (ii.  714,  715). 

The  fleshy  part  of  mussel  plums  has  been  found  by  Pa^en  (J.  Pharm.  [3]  xvi.  279) 
to  contain  12*99  per  cent,  water,  0*73  per  cent,  nitrogen  (in  the  fresh  substance),  and 
2*62  ash  (to  the  dried  substance).  According  to  W.  Tod  (J.  pr.  Chem.  Ixii.  603; 
Jahresb.  1854,  p.  666)  fresh  mussel  plums  contain  9*3  per  cent,  fleshy  substance  and 
7 per  cent,  stone.  When  dried  at  100^,  the  flesh  gave  60*7  and  the  stone  30*9  p>er  cent, 
water,  100  parts  of  the  fleshy  substance  and  of  the  stones,  both  in  the  fre^  atate, 
yielded  the  following  quantities  of  inorganic  constituents  : 

t»)sbW  In  vnur.  InaelabU  In  *st«v. 


kcT 

c«o 

K*0 

SO> 

pio^ 

ri>0»  APO>  c«o 

MfO  MnO 

p»o»  «o*' 

PlMb 

•Oil 

•171 

•0S5 

*009 

..  *003  *069 

•010 

•009 

•OM 

*009  m 

•407 

SlOIM 

*019 

'096 

*090 

*091 

*019 

•014  . . *1X4 

•040 

HOI 

*064 

*036  => 

•aso 

Faisst  (Jahresb.  1852,  p.  811X  found  in  dried  French  mussel  plums  a,  in  Wurtem- 
burg  mussel-plums  of  the  first  quality  6,  and  of  second  quality  the  following  quan- 
tities of  water,  sugar,  and  add: 

a.  h.  e. 


Water  . 

322 

27-9 

27 -9  per  eent. 

Bngar 

481 

66-3 

47-6 

rt 

Aad 

2-6 

3-0 

3-9 

Ask  of  Orleatu  Hum$  (T.  Richardson).* 


Entire 

stia 

FMi 

Kerool. 

SkiooT 

fruit. 

of  fhiit. 

feed. 

Potash  • • 

89-21 

68-86 

64-69 

20-62 

21  69 

Soda  .... 

0-64 

36-2 

8-72 

1-94 

7-69 

Lime.  . 

10*04 

8-26 

4-86 

8-49 

28-06 

Magnesia  . . • 

6-46 

9*29 

4-69 

16-17 

3-77 

Sulphuric  anhydride  • 

3-83 

1*96 

3 23 

7-11 

0 61 

Silicic  „ 

2-36 

0-81 

3-16 

2-38 

267 

Phosphoric  „ 

12-26 

9-85 

16-44 

83-06 

25-24 

Ferric  pbosphato 
Chloricfe  of  sodium  • 

6-04 

7-45 

4-80 

3-83 

4 37 

trace 

• • 

0-62 

0-49 

trace 

99-74 

99  99 

100-10 

99-98 

100-00 

Ash  per  coni. 

• 

• 

0-40 

0-89 

0-31 

1-64 

0-24 

2.  iVuRia  Malakeb. — The  bs<rk  of  this  tree  contains,  besides  the  usual  plant-con* 
stituents,  an  iron-greening  tannin,  an  indifferent  bitter  principle,  phlobapnene,  con* 
marin  and  caldc  oxalatu.  Dried  at  100°  it  gave  11*2  per  cent,  ash,  containing  6*79  per 

* Ann.  Ch.  rbann.  Ixrli , Anhaog  lum  Str  Heft ; Jahmber.  IM7-4S,  Tafel  C su  S,  1074. 
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e^nt,  K*0  (with  u little  soda),  49'20  CaO,  3*44  MgO»  0*23  FeO,  0 04  Cl,  0*20  P*0*, 
0*90  SiO^  and  39*19  CO>.  (Kittol,  Jahresb.  1866,  p.  626.) 

3.  Pninus  tpinoM. — The  Blackthorn  or  Sloe.  Ripe  sloes,  treated  snocessiTely  with 
different  fK>lTents,  yield  2*2  per  cent,  matter  soluble  in  eUior  (iron-gr^ning  tannin, 
malic  acid  and  calcium*salUi,  waxy  fat,  chlorophyll,  and  a small  quantity  of  Tolatile 
oil)  \ 4*8  per  cent,  matter  soluble  in  alcohpl  (sugar,  iron-greening  tannin,  malic  acid 
and  calcium-salts,  red  colouring  matter,  green  resin);  4*3  percent,  matter  soluble  in 
leader  (gum,  pectin,  malic,  sulphuric,  and  phosphoric  acids,  combined  with  potash, 
lime,  and  magnesia;  extractive  matter);  1*7  per  cent,  soluble  in  hydrc^loric 
acid  (ferric  gaJiate,  matter  converted  into  humous  substance,  calcic  and  magnesic 
phosphates);  161  per  cent,  vegetable  fibre  (together  with  the  stones,  the  kernels 
of  which  when  treated  with  water  yielded  prussic  acid);  and  70*9  per  cent  water. 
The  colour  of  the  ripe  fruit  is  due  to  a purple-red  substance  separat<d  on  the  inner 
surface  of  the  skin,  and  agreeing  in  all  essential  characters  with  the  red  colouring 
mattel*  of  the  grape.  (J.  B.  £nz,  Jahrosb.  1867,  p.  628). — According  to  Schreiner, 
ibid.  1866,  691),  sloes  contain  malic  acid,  tartaric  acid,  and  an  iron-greening  tannic 
acid.  The  fresh  fruit  yielded  66*4  per  cent,  water,  and  0*72  per  cent  ash,  containing 
3*49  K*0,  4*3  Na’O,  9*6  CaO,  6*2  MgO,  0*9  Fe*0*,  trace  of  MnO,  0*6  A1H>*,  9*3  Cl, 
1*8  SO*.  10*0  1^0*,  7 0 SiO*  and  241  CO*. 

PSirSSXAJr  B&im.  Ikrlinerbiait.  B!iU  de  PrUMf.  Bleu  d<  This 

well-known  bltte  pigment  consists  essentially  of  hydrated  ferric  ferro^anide, 
Fe*Cy“.l8H*0  *=  (Fe ')*(Fe''(y)*  I8H*0,  gencnilly  mixed  with  vaiying  quantities  of 
potassio-ferrous  ferric^*auide,  AFe*Cy*  (KFe")l*V'‘Cy^.— It  was  accidentally  dis- 
covered in  1704  by  Oiosbach,  a colour-maker  in  Berlin,  who  whs  preparing  Florentine 
lake  by  adding  carbonate  of  potassium  to  a decoction  of  cochine^  mixed  with  alum 
and  ferrous  s^phote,  and  used  for  the  purpose,  an  alkali  over  which  the  empyreumatic 
oil  of  blood  had  been  rectified  for  the  preparation  of  Dippel’s  animal  oil.  On  ex- 
amining the  conditions  of  its  formation,  it  was  found  that  toe  blue  colour  could  be 
produced  by  calcining  blood  with  potash,  and  precipitating  the  ley  thus  obUuned  with 
ferrous  sulphate.  A more  exact  direction  for  its  preparation  was  first  given  by 
Woodward  of  London  in  1724.  Ho  deflagrated  equal  ports  of  tartar  and  saltpetre, 
calcined  the  residue  with  dried  ox-blood,  and  precipitated  the  resulting  alkaline  lev 
with  ferrous  sulphate  and  alum,  whereby  a greenish  precipitate  was  obtained,  whicn 
turned  blue  when  treoted  with  hydrochloric  acid. 

Pure  ferric  fcrrocyanide  can  be  obtain«i  by  only  one  process,  namely,  by  mixing  a 
ferric  salt  with  solution  of  ferrocyanide  of  potassium,  keeping  the  former  in  excess,  then 
washing  and  drying  the  precipitate.  The  product  thus  obtained,  which  has  a splendid 
dark  blue  colour,  is  often  called  Paris  btut. 

For  preparation  on  the  large  scale,  however,  it  is  customary  to  use,  instead  of  a 
pure  ferric  salt,  a solution  of  ferrous  sulphate  (copperas)  which  has  been  partially 
oxidised  by  exposure  to  the  air,  and  subject  the  resulting  bluish-white  precipitate  to 
the  action  of  oxidising  agents.  The  product  thus  obtained  is,  as  already  observed,  a 
mixture  of  ferric  ferrocj'anide  with  potassio-ferrous  ferricyanide  (ii.  228).  A common 
mode  of  proceeding  is  to  mix  solutions  of  100  pts.  ferrocyanide  of  potassium  and  80 
fermus  sulphate  at  the  onlinary  temperature,  wash  the  precipitate  with  water;  heat  it 
with  water  to  the  boiling  point,  odd  30  pts.  nitric  acid  of  28^  Bm.,  and  from  15  to  30 
pts.  oil  of  vitriol,  then  wash  the  precipitate  and  dry  it  by  heat.  (Qentele,  Bingl. 
prdvt.  J.  Ixi.  452.) 

'i'his  proce?<s  does  not,  how'ever,  yield  a very  fine  blue.  A better  product  is  obtained 
by  oxidising  the  white  precipitate:  a.  With  nitro-muriatic  acia.^b.  With  frrrie 
rnloride^  which  is  thereby  reduced  to  ferrous  chloride,  and  may  be  used  again  for 
prteipitating  a solution  of  the  ferrocyanide.  The  solution  of  ferric  chloride  may  be 
prepared  by  digesting  red  or  brown  lisematite,  free  fW>m  lime  and  clay,  or  the  Kvio 
ferric  suIphaU*  nbtaine<l  as  a residue  in  the  preparation  of  Nordhausen  sulphurio  acid, 
in  crude  hydrochloric  acid.  The  while  prt-cipiUvte,  after  filtration,  and  while  still  of  a 
pa.«ty  consistence,  is  heated  in  a rop|^r  vessel  to  the  boiling  heat,  then  quickly  turned 
out  into  a tub,  and  well  mixed  by  stirring  with  the  solution  of  ferric  chloritle  till  it 
has  acquired  its  full  depth  of  colour.  The  liquid,  which  contains  ferric  as  well  as 
ferr»)iis  chloride,  is  separalccl  by  filtration  or  decantation,  and  digested  with  pieces  of 
iron  to  re<luct*  it  com|Jetely  to  ferrous  chloride. 

c.  By  a solution  of  manganic  chloride^  which  is  thereby  reduced  to  manganous  chloride. 
Tile  economy  of  this  metiiod  depemls  u[»on  local  cirnimstances.  As  the  commercial 
value  of  manganese-ores  d*  pends  upon  the  proportion  of  peroxide,  MnO*,  which  they 
coiitain,  and  in  the  common  ores  this  oxide  is  often  mixed  with  a considerable  qiisatity 
of  manganic  oxide,  which  may  be  extracted  by  cold  hydrochloric  acid  in  the  form  of 
manganic  chloride,  this  treatment  may  be  applied  so  os  actually  to  increaM  the  value 
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of  the  ores  (that  is,  their  chlorine-producing  power),  and  at  the  same  time  obtain  a 
solution  a<l:ipted  for  converting  the  white  precipitate  into  Prus^sian  bine. 

rf.  hy  chromic  aciii. — The  white  precipitate  is  heated  to  the  boiling  temperatare, 
and  mixed  with  «n  oxidising  liquid  prepared  by  dissolving  10  pts.  dichromate  of 
potassium  in  10  pts.  hot  water,  and  adding  to  it  when  cold  pts.  oil  of  Titriol,  till 
It  has  acquired  its  full  depth  of  colour.  The  chromic  acid  is  thereby  reduced  to 
chromic  oxide,  a compound  which  possesses  considerable  valae  as  a colouring  matter. 

Whatever  be  the  oxidising  agent  used,  it  is  essential  to  the  production  of  a fine 
cobnir  that  the  white  precipitate  bo  couverted  into  Prussian  blue  entirely  by  its  agency, 
and  not  by  atmospheric  oxidation.  For  this  reason  the  ferrous  sulphate  must  be  as 
free  as  possible  from  ferric  salt,  which  end  is  best  attainc'd  by  placing  some  scraps  of 
metallic  iron  in  the  vessel  in  which  the  soluthm  is  left  to  clarify  before  use,  by  which 
also  any  copper  that  it  may  contain  is  precipitatetl ; and  the  white  precipitate,  as  socju 
as  formed,  must  bo  filtered  as  quickly  os  possible,  and  immodiate/y  subjected  to  the 
action  of  the  oxidising  liquid.  (W agner’s  Jahmicrickt  dtr  Chemitchtn  Ttcknolo^^ 
1855,  p.  88.) 

Common  or  ba»ic  Prussian  blue  is  an  inferior  article  prepared  by  the  following 
process,  which  is  the  oldest  of  all  the  methods.  A solution  of  1 pt.  ferrous  suI{4iaU> 
and  2 to  4 pts.  alum  is  precipitatetl  by  solution  of  ferrocyanitlo  of  }X)tassium  prepared 
as  describotl  under  Cyanides  (iii.  231),  and  the  dark-colound  precipitate,  consisting  of 
a mixture  of  alumina,  ferrocyanido  of  iron  aixl  ptUssium,  and  lirdrat<d  sulphide  ui 
iron,  is  washed  with  cold  water,  till  by  the  action  of  the  air,  the  sulphide  of  iron  is 
coDvertod  into  ferrous  sulphate,  and  wash«d  away,  and  the  jxjtasBio-ferrous  ferrocr- 
anido  is  converted,  with  loss  of  formeyanide  of  pot<\ssiuin  (ii.  228),  into  Prussian  blue. 
The  chief  use  of  tlio  alum  is  to  saturate  the  free  idkidi  contaiiud  iu  the  crmle  solution 
of  the  yellow  pni.ssiate,  and  pri'vent  it  from  forming  a precipitate  t»f  oxiile  of  iron, 
which  by  its  r^-browii  twlonr  would  spoil  the  blue.  The  precipitated  alumina  render* 
the  blue  paler,  but  on  the  other  band,  it  adds  to  the  weight  of  the  product.  Pru'^siao 
blue  thus  prepared  may  bo  freed  from  the  greab  r jwvrt  of  the  alumina,  basic  ferric 
sulphate,  potassium-salts,  and  other  impurities,  bv  digestion  with  dilute  sulphuric  acid, 
ana  subsequent  washing  (Turner);  or  by  dissolving  it  iu  strong  sulphuric  acid,  pre- 
cipitating with  water,  then  digesting  it  iu  hydrochloric  acid,  uod  again  washing  with 
water.  (Perzelius,  lAhrbmh.) 

Attempts  have  been  made  to  utilise  the  waste  lime  and  lirae-liquors  of  gas  worVs 
for  tlio  preparation  of  yellow  pnissiuto  and  Prussian  blue.  This  ^as-lime  contains 
cyanide  of  calcium  and  cyanide  of  ammonium,  as  well  ns  free  ammonia.  The  latter  is 
expelled  by  the  action  of  steam;  the  residue  is  lixiviatiHi  with  water;  and  the  solu- 
tion, which  contains  the  cyaui<les,  is  converted  by  oildition  of  iron-salts  into  ferrocy- 
anidcs  and  Prussian  blue.  A {latent  for  this  use  of  gas  lime  w^is  taken  out  in  tliis 
country  by  Mr.  Spence  in  1837.  and  a similar  process  was  {>aU  nt<d  in  France  by 
Krafft  in  1835  (Diogl.  {>ol\*t,  J.  cxxxv.  3931.  According  to  Krafft,  1,0<K)  pounds 
of  gas-lime  may  be  mi^e  to  yield  from  12  to  15  pounds  of  Prussian  blue  and  15  to  2o 
|x>uuds  of  ammonia-salts. 

According  to  Pohl  (J.  pr.  Chtm.  Ixiii.  382),  Prussian  blue  is  sometimes  adultemt4-tj 
with  starch  turned  blue  by  iodine.  This  (somewhat  improbable)  adulteration  may 
bo  detected,  if  in  large  quantity,  by  the  smell  of  hydriodic  acid  omitted  on  boiling  the 
substance  a ith  water,  ami  if  in  smaller  quantity,  by  holding  in  the  mouth  of  the  test- 
tul>e  in  which  tlie  Prussian  blue  is  boiled,  a strip  of  starched  paper  moistened  with 
very  dilute  hydrochloric  acid ; if  iodine  is  present  the  f»aper  will  l>e  turned  blue, 
Prussian  blue  is  sometimes  also  adulterated  with  chalk,  gypsum  and  clay. 

Properties. — l\ire  Prussian  blue  has  a very  dark  blue  colour.  It  usiuiUy  occurs  in 
hard  Irittle  lumps  having  a coppery  lustre  and  conehoidal  fracture.  It  is  very  hygro- 
scopic, inodorous,  tasteless  and  not  poisonous.  When  contaminated  with  alumina, 
clay,  &c.,  it  has  a |>aler  colour  Jind  more  earthy  fracture.  As  a pigment,  Prussian  blue 
possesses  grt*at  b«xly  and  covering  {>owcr.  It  ia  extensively  iwcu  both  alone  and  mixe<l 
with  other  colours.  With  chrome-yUlow  it  forms  a delicats  green  culled  ffrrm 
cinrwhar.  Kcspecting  the  reactions  of  Prussian  blue,  see  Ctanipes  of  Iron 
(ii.  228). 

PKV88ZO  ACZD.  Syn.  with  Hydrocyanic  Acid  and  Cyakidb  of  Hyuroofj* 
(ii.  214). 

PRITSSZXZ  or  Prussian.  A name  applie<l  by  Graham  to  a hypothetical  radicle, 
C*N*  — Cy*  or  l*r,  {•olyrneric  with  cyanogen,  which  may  be  supposed  to  exist  in  the 
ferro-and  ferric^anidi  a;  e.p.  [Fe«»  28],  hTroprussic  acid  — (IPFc)l*r;  ferricyanide  of 
potassium,  (K*tc’;Pr,  &'C.  &c. 

pmiZBRAMZTE.  A name  somctim<.6  applied  to  blende,  Zn^S ; also  to  a variety 
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of  gothit«,  Fo*OMI’0,  called  alao  sammit-blendet  both  of  which  occur  at  Prxibram  in 
Bohemia. 

PBATT&XlVt  Syn.  with  ITastin  (iii.  14). 

P8SUBO-ACBTXC  ACXB«  Syn.  with  Buttracltic  Acm  (i.  688). 

FSKlTBO-AXtBira.  Syn.  with  Akdksin  (i.  291). 

PSBUSO-AUCAJUrzw.  Syn.  with  Ancutsin  (i.  290). 

FSSITSO-APATXTS.  Opaque  crystals  of  partially  decomposed  apatite  from  the 
Churprinz  mine  near  Freiberg. 

FBEimOBTrrYXXO  AXiCOBOE.  See  Tutbtlic  Alcohols. 

FSBVl>OOHBTBO&ZTB«  A green  obsidian  from  Moldauthein  in  Bohemia. 

PSEBBOCSBAXB*  A name  given  by  Warington  and  Francis  to  an  amor]>lioun 
neutral  fatty  substance  obtained  by  saponifying  beeswax  wtth  potash,  and  precipiUvting 
with  an  acii  (Handw.  d.  Chem.  vi.  682.) 

FBBimOOintAJUVS*  (J.  Lakowski,  lUp.  Chim.  app.  iii.  77.)— An  alkMloid 
obtained,  together  with  oleandrine,  from  the  leaves  and  branches  of  the  oleander. 
{Nfrum  Oleander).  By  exactly  precipitating  the  concentrated  aqueous  decoction  with 
tannic  acid,  washing  the  precipitate  with  a little  cold  water,  and  then  treating  it  with 
aqueous  tannic  acid  for  a short  time  only,  tannate  of  pscudo-curarine  is  obtained 
in  solution,  while  tannate  of  oleendrine  remains  behind. 

The  solution  of  the  former  is  boiled  with  finely  pulverised  litharge,  the  filtrate 
evaporated  nearly  to  dryness,  the  residue  freed  from  oleandrine  by  ether,  and  the  f)or- 
tioD  insoluble  in  that  liquid  is  dissolved  by  alcohol. 

On  evaporating  the  alcoholic  solution,  pscudo-curarine  remains  ns  a yellowihh, 
tasteless,  inodorous  varnish,  very  soluble  in  witer  and  in  alcohol,  insoluble  in  ether, 
and  non-volatile.  It  neutralises  strong  acids,  but  dcM«  not  form  crystallisable  salts. 
The  solutions  are  precipitated  by  mercuric  and  platinic  chlorides.  Pseudo-curariiio 
appears  to  have  no  action  on  the  animal  organism. 

The  tanuate  of  ole&ndrino  left  undissolved  as  al)ovc  is  taken  up  bv  ether  ; and  the 
solution  is  treated  witli  quicklime,  which  precipitates  tannic  acid  ana  chlorophyll.  On 
leaving  the  filtrate  to  evaporate,  oleandrine  is  obtained  ns  a slightly  yellowish  resi- 
nous,  very  bitt<  r sul>stance,  slightly  soluble  in  water,  easily  soluble  in  dcobol  and  in 
ether.  It  appears  to  form  uiicrystallisablo  salts,  the  solutions  of  which  are  precipitat«  d 
by  the  chlorides  of  gold  and  platinum.  Oleandrine  acta  us  a locid  irritant,  producing 
violent  sneezing,  vomiting,  purging,  and  intermittent  tetanus,  sometimes  with  fat^ 
results.  When  ii\jected  into  the  jugular  vein  of  a dog  or  a rabbit  it  quickly  destroys 
life. 

FBBV1>OX>ZAUT&-AECOBOB.  See  Sbcoxdabt  Alcohols. 

FBEUBO-BBTTKBXB.  An  old  name  of  etbylic  orseUinate  (p.  236). 

FBSTrx>OHXXTlb-A3bCOBOZi  or  DiaUylic  Monokydrate.  See  Sbcoxdaby 
Alcohols. 

F8BUX>O*BBXTX>-OX*TC0E  or  Diallylic  Dikydrate.  See  Sbooxdart  Alcohols. 

FSXnmoZtBtrcXVE.  See  Lkl'Cixb  (iii.  582). 

FBBUBOUBBTBXirm.  Cu’PKP.CuH^OMl’O.  (See  Puosp^TES  or 
Copper,  p.  561.) 

FBBinBOlBAAAOBXTB.  Syn.  with  PH08PH0CAi.dTK,  Cu*P*0*.3CuHK)* 

(p.  661). 

FBBUB0B80BFB.  A mineral  having  a definite  form,  belonging,  not  to  the 
substance  of  which  it  actually  consists,  but  to  some  other  substance  which  has 
wholly  or  partly  disappeared.  I’seudomorpba  have  been  classed  under  four  principal 
neads: — 

1.  P$e}id&morj})u  hy  alteral  'u’n  : those  formed  by  a gradual  change  of  composition  in 
the  species,  as  when  augito  is  altered  to  steatite. 

2.  By  e^tbstituiion : those  formed  by  the  replacement  of  a mineral  or  other  substance 
which  ^8  been  removed,  or  is  gradually  undergoing  removal ; €.  y.  the  petrification  of 
wood. 

3.  By  incrws/rci/ion  ; those  formed  by  the  inernstration  of  a crystal,  which  may  bo 
subsequently  dissolved  away,  the  cavity  often  being  subsequently  filled  by  infiltration; 
e.g.  the  change  of  fiuor-spar  to  quartz. 

i.'Bty  paramorphiem : those  formed  when  a mineral  Passes  from  one  dimorphous 
stale  to  another;  e.g.  change  of  arragonite  to  calcspur.  (Sec  Oboloot,  Cbsmistbt  of, 
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ii.  8S3--836;  also  Dana's  Minert^ogy,  i.  222,  where  a table  of  paeudcooorpha  ia 
given.) 

PSEtmOMORPHnrs.  See  MoRPHnra  (iii.  1061). 

PSBIH>0-0RCXJr.  Sjn.  with  Ekttukomaxxitb  (ii.  604). 

PSStTBO-PROPTXiXG  AZ.OOBO&.  See  Trittuc  Aux>hou. 

PSBTTBOPBZTB.  A serpentine-like  raineral  from  the  Zdjar  znountaio  near 
Aloysthal  in  Moravia:  of  specific  gravity  —276 — 277,  and  containing,  according  tx> 
Hauer,  33  42  per  cent.  SiO*,  16‘42  Al*6*,  34'04  2 68  FeO,  and  12’68  water, 

whence  the  formula  3(2MgO.SiO*XAl*0*.SiO*)  + 6H*0.  (Kenngott,  Wien.  Akad. 
Ber.  xvi.  170.) 

PBEBBOPUBPVBZB,  See  PcRPTRIK. 

PSBTrsOQXrABTEZTB.  A rock  occurring  in  the  Val-de-Tignes  (Tarentnise  in 
Savoy),  very  compact,  of  greyish  white  colour,  and  consisting  of  slender  uminse  inter- 
laced and  cemented  together  by  a quartz-like  substance.  Specific  gravity  *=  2'704. 
Contains  79‘90  per  cent.  SiO*,  I5  63  A1*0*,  0 44  Fe*0*.  trace  of  lime,  0'94  MgO, 
2-72K*0(wiih  trace  of  soda),  trace  of  chlorine, and  1*68  water.  (A.TcrreiI,  Compt, 
rend.  liii.  120;  Juhresb.  1861,  p.  1082.) 

PSBBDOQVZVZWB.  A peculiar  base  said  to  have  been  obtained  bjMen- 
garduque^Compt.  rend,  xxvii.  221)  from  a cinchona  extract  of  unknown  origin.  It 
nentralised  acids  completely,  decompost^d  ammonium-salts,  was  insoluble  in  ether  and 
in  water,  but  soluble  in  alcohol,  from  which  it  crystallised  in  irregular  prisma.  Its 
solution  in  chlorine-water  a^stimed  a reddish-yellow  colour  on  addition  of  ammonia, 
whereas  quinine  similarly  treat»*d  turns  green.  It  was  tasteless,  and  its  sulphate, 
which  crystallised  in  flat  prisms,  was  scarcely  bitter.  The  base  gave  by  ajialysia 
7C'6  per  cent,  carbon,  815  hydrogen,  and  10  3 nitrogen. 

PSBVDOBTBABOFTBBB8.  A term  applied  by  Klotzsch  (J.  pr.  Cliem. 
Iv.  242)  to  the  solid  crystalline  bodies  separatAl  by  reduction  of  temperature  from 
certain  volatile  oils  and  resins,  and  distinguished  from  the  true  stearoptenes  by 
their  greater  solubility  in  hot  water;  such  arc  the  alyxin-camphor  from  aro- 

maiica ; gernniutn-caniphor  from  Pdargonimn  o</ora/i.vi/wMw,  coumarin,  the  camphor 
of  Anthoxanthum  o<ioratum  ; auricula  or  primroHo  camphor  from  Primula  Auricula,  and 
the  camphors  of  several  other  spi'ciss  of  the  same  genus.  These  pseudo-stenropteoes 
often  separate  on  the  outer  surface  of  the  plants,  as  in  Primula  and  Ccroptrria. 

B8Btn>08TSATZTB«  A mineral  externally  resembling  talc,  filling  a cleft  of 
the  serpentine  of  Bathgate  (Linlithgowshire).  It  is  brittle,  unctuous  to  the  touch, 
has  an  uneven  fracture;  hardness  *=2  ‘2,  and  specific  gravity  =-  2 469.  Two  analyses, 
a by  Thomson,  b by  Binney  (Edinb.  Phil.  J.  18C2,  xvi  65),  gave ; 
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FSBVBOBBEBBOOTABOOSXr.  Syn.  with  pRBSULPaocTAirooRX  (p.  380). 

FSS17BOTAZ.CZTB.  A mineral  from  the  Val  d'Arbonne  (Tarenlaise  in  tSavoy), 
ap(>earin(;  under  the  microscope  to  consist  of  greenish,  transparent,  crystalline  laminse 
and  small. pyramidal  quartz-crystals.  Before  the  blowpipe  it  loses  its  greenish  colour, 
and  in  Hmall  pieces  melts  easily  to  a stony-vitreous  whitish  mass.  According  to 
Tcrreil  (Compt.  rend,  liii  120)  it  contains  85‘96  per  cent,  silica,  8 50  alumina,  T40 
ferric  oxide,  0'77  lime,  1*81  magnesia,  and  2*66  potash,  with  a trace  of  soda 
(=:  100  60). 

PSBtJDOTOBZBTE.  The  name  applied  by  Braudel  to  a light  yellow  poisonous 
extract  prepared  from  belladonna  leavt  s;  M>luble  in  water  and  aqueous  alcohol,  inso- 
luble in  ether  and  in  absolute  akohul,  pr»*cipitated  by  tincture  of  galls  and  acetate  of 
lead,  coloured  green  by  iron-salts.  It  is  not  a pure  substance,  and  owes  its  poisonous 
a<-tion  to  the  presence  of  atropine,  (llandw.  vi.  683.) 

FSEXTDO-trBXC  ACX1>,C*II"N*0*.  (Schliepcrand  Bayer,  Instit.  1860, p.  182; 
Jahro^b.  1860,  p.  327.) — An  acid  obtained  bv  the  action  of  potassiiim-cyauate  orj 
dialiinimide  (uramil).  Its  potassium-salt  is  ilej>osltf'<l  in  the  crystalline  form  when 
dialuraniidc  (or  mun.xide)  is  heated  with  exce'js  of  potassium-cyanate  till  the  liquid  no 
longer  turns  red  on  exposure  to  the  air;  and  on  mixing  the  solution  of  the  reciystallUed 
suit  in  potash-ley  with  hyilns'hlnric  acid,  the  ps<»udo-mnc  acid  is  precipitated  as  a white 
crystalline  powtler  made  up  of  small  prisms.  It  does  not  lose  weight  at  100®,  ia 
tasteless  and  inodorous,  verx'  sHijhtly  soluble  in  water,  but  easily  soluble  iu  caustic 
alkalis.  It  decomposes  carbonates  and  acetuto,  and  readily  yields  alloxan  when 
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treated  with  nitric  acid.  When  suspended  in  water  and  heated  with  peroxide  of  lead, 
it  gives  off  carbonic  anhydride,  and  yields  oxalate  and  pseudo-nrate  of  lead,  but  no 
allantoiD ; the  mother-liquors  probably  contain  oxalurate  of  leail  as  well  as  urea. 

The  pseudo-urates  arc  easily  obtained  by  the  action  of  the  acid  on  the  cor- 
responding hydrates,  carbonates,  or  acetates;  or  tb<*y  may  be  produced  directly  by  the 
action  of  uialuramide  on  the  corresponding  cyanates. 

The  ammonium~8alt,  C*U*(NH*;N*OMPO,  crystallises  from  the  solution  of  the  acid 
in  hot  dilute  ammonia,  in  small  lamins  or  bulky  needles,  which  are  not  more  soluble  in 
strong  than  in  dilute  ammonia,  and  do  not  take  up  an  additional  quantity  of  ammonia. 
It  do<'8  not  give  up  its  crystallisatioD-watcr  till  heated  above  100®;  at  130®  it  turns 
red  and  gives  off  ammonia. — The  eM///u»ii«c-anda«i/<«r*sif//^re8emblethe  ammonium- 
salt. — The  potassium-salt,  C'H*KN*0*.H*0,  forms  small  shining  scales  which  do  not 
give  up  their  water  till  heated  al>ove  140°,  and  decompose  and  turn  rod  at  180®. — 
The  sodium-salt,  C*H*NaN*0*.‘2H*0,  forms  cauliflowt-r-like  groups  of  prisms  easily 
soluble  in  hot  water,  and  giving  off  their  water  of  crystallisation  at  140'^.  From  its 
solution  in  caustic  soda  it  sepirutes  in  the  amorphous  state,  but  without  change  of 
composition. 

The  l>arium-salt,  forms  spherical  groups  of  long  slender  needles. 

— The  calcium-salt  is  obtained  in  fine  prisms  on  precipitating  the  solution  of  either  of 
the  alkoli-metol  salts  with  chloride  of  calcium. 

The  cupric,  mercurous,  mercuric,  and  lead-salts  arc  also  crystallisable,  the  last  with 
1 at.  water;  the  siltrr-salt  is  very  easily  deeomposible. 

PSEITBOVBKAT&XNS,  C'*II*N*0*  ?— A resinous  substance  obtained  from 
salmdilla-seeds : also  called  yeratrin-resin,  and  Heloniue  (from  Helonias  officinalis,  the 
plant  supposed  to  yield  these  st'e<]s).  It  is  pn^pared  by  treating  the  alcoholic  extract 
of  the  seeds  with  waUT  containing  sulphuric  acid,  addiug  nitric  acid  by  drops  to  the  acid 
liquid,  decanting  the  solution  from  the  pitchy  substance  thereby  sepurutc<.l,  and  pre- 
cipitating with  potash.  The  resulting  precipitate  is  dissolved  in  alcohol,  and  the 
yelluw  rt^inouB  mass  which  remains  on  eva{>oratiDg  off  the  alcohol,  is  treated  with 
water  to  extract  sabudilliiie,  and  with  etlier  to  extract  veratrine.  Pseudoveratrine  then 
remains  behind.  It  is  a brown  substance,  solid  at  ortlinary  temperatures,  melting  at 
185®.  and  decomposing  at  a higher  temponituro,  with  evolution  of  nitrogenous  pro- 
ducts. It  is  soluble  in  alcohol,  insoluble  in  water  and  in  ether.  It  dissolves  in  acids, 
but  does  not  neutralise  them.  (Couerbe,  Ann.  Ch.  Phys.  [2]  lii.  352.) 

PSZXtOBKZXJUrs.  See  Mxnganksb,  Oxidbs  op  (hi.  812). 

PSOKAZSA..  The  undrinl  root  of  Psoralca  esculenta  contains  0 63  nitrogen  and 
P67  ash  (Payen,  Jahresb.  1849,  p.  708). — Psondea  ffiandulosa  or  /7rx  paraquayensis 
is  the  plant  whose  dried  lecTcs  yield  Paraguay-tea (p.  349).  According  to  Lenoblo 
(J.  Pliann.  [3]xviii.  199),  this  substance  contains  a p<?culiar  ciy’stolUsable  nitrogenous 
bmiy  which  he  calls  psorallme ; but  it  is  doubtless  idcnticsil  with  caffeine,  which  has 
been  shown  by  Stenbouse  to  exist  in  the  dried  leaves  to  the  amount  of  11  to  1*2 
per  cent. 

PTZXtZTXi.  C’H*. — A radicle  supposed  by  Kane  to  exist  in  the  mesitylene- 
compounds:  thus,  trichloromcsitvleue  C"H*C1*  was  r^ardeij  as  chloride  of  pteleyl, 
C>H*Cl. 

PTXUTA.HVXC  ACro.  C^‘n**0”?  (Luck,  Jahrb.  pr.  Pharm.  xxii.  173; 
Gm.  XV.  600.) — An  acid  contained,  together  with  tannaspidic  acid,  in  the  root  of 
Jspidium  Filix  mas.  When  the  coarsely  poiindiHl  r<>ot  is  boiled  with  alcohol  of  75  to 
80  percent,  and  the  decoction  is  mixcil  with  water,  a small  quantity  of  hydrochloric 
acid,  and  pulverised  sulphate  of  sodium,  a precipitate  is  formed  containing  the  ta*o 
acids.  This  precipitate  is  collected,  washc<l  with  solution  of  sodic  sulphate,  pressed, 
again  tritarated  with  water,  and  digt»sted  for  half  an  hour  at  60® — 80*,  with  water 
containing  hydrochloric  acid,  when-bv  ammonia  and  other  bases  are  n-move<l.  Tho 
n sidue  washed  with  water,  dri<*<l,  anti  cxhaii.^tid  with  ether  free  from  alcohol,  yields 
a solution  of  pteritannic  acid  an<l  a n*sidue  of  tannaspidic  acid.  The  ethereal  solution 
leaves  on  evaporation  a bla<’k-brown  residue,  which  is  digested  with  distilled  mineral 
nsphtba  as  long  as  the  oil  is  thereby  coloumi  brown.  The  uofiissnlvtH)  powder  is 
collected,  prcsBwl,  trituratt^  and  boih  d with  water,  the  resinous  cake  is  dissolved  in 
ether,  and  the  solution  is  evaporated. 

Pteritannic  acid  thus  obtaineti  is  a black-brown,  amorphous,  shining  mass,  Tielding  a 
fawn-colourinl  electric  powder.  It  is  tasU-Uss,  but  has  a faint  odour  and  slight  iK-’d 
reaction ; insoluble  in  water,  but  soluble  iu  ah*ohol  and  ether.  The  alcoholic  solution 
forms  brown  precipitates  with  the  cbloriiles  of  barium  and  calcium,  and  green  precipi- 
tates with  ferrous  and  ferric  salts.  With  basic  acetate  <»f  lead  or  with  excess  of  ^he 
neutral  acetate,  it  foims  a precipitate  i-onlaining  C’'Il'^Pb"U',  and  the  liquid  lilteicil 
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therefrom  yields  with  ammonia  a precipitate  containing  2C*‘H**Pb'’0*.Pb*H*0* ; by 
precipitation  with  a smaller  quantity  of  the  neutral  acetate,  an  acid  salt  is  forined 
containing  C**ll**rb"0*.C**H**0"? 

Trlrackloropttritannic  acid,  C*'H**C1*0*,  is  a light  loaiU'Coloured  powder  obtained 
by  passing  chlorine  into  water  containing  pteritannic  acid  in  solution.  It  reacts  with, 
metallic  salts  like  the  latter.  The  alcoholic  solution  yields  with  basic  acetate  of  lead 
a salt  containing  C’*U**Pb'*n*0“.H*0. — Hexchloroptcritannic  ar  id,  C*'1P*C1*0‘,  is 
obtaine<l,  as  an  orange-coloureil  powder,  by  the  action  of  drj'  chlorine  on  pteritannic 
acid.  Its  alcoholic  solution  yields  with  basic  acetate  of  lea*l  a precipitate  containing 
C*'U«PbTPOMPO. 

So-called  tUhtflpttrUannic  acid.  When  a solution  of  pteritannic  acid  in  al>solute 
alcohol  is  boiled  with  a small  quantity  of  hydrochloric  acid,  a purple-red  solution  is 
formed  which,  when  mixed  with  a small  qiuintity  of  water,  deposits  a black-nd  resin 
containing  C*“H**0‘*,  and  when  dropt,  with  agitation,  into  a large  qtwntity  of  water 
yields  a light  purjde  powder  having  the  t'omposition  C**H**0“.  Luck  regards  these 
pitxlucts  as  containing  respectively  and  « 

'l€^*ll'^O’.C^H^0M0 ; but  neither  of  them  has  actually  been  resolved  into  pteritannic 
acid  and  aleoiml. 

PTT  Adrift  A BulphurettcKi  albuminons  substance  containt^  in  the  saliva  of  the 
parotid  gland;  it  differs  in  some  of  its  reactions  &om  albumin,  mucin,  and  casein. 
(CoTjiCB,  J.  Phnrm.  [3]  xlii.  92.) 

PTTCHOTXS  AJOWAJr.  An  umbelliferous  plant  growing  abundantly  in 
Kajpootanah  and  other  pi\rts  of  Centml  India,  and  well  known  for  its  aromatic  and 
canninativo  projKTties.  The  seeds,  which  resemble  those  of  the  caraway,  exeeptiii4r 
tliat  they  an*  inueh  smaller,  have  a very  agreeable  odour,  like  that  of  thyme-oil.  and 
when  rep<‘:itedly  dlHtilb'<l  with  water,  yield  an  essential  oil  amounting  to  5 or  6 per 
cent,  of  their  weight  and  consisting  of  a hydrocarbon  isomeric  with  oil  of  turpentine, 
holding  in  solution  a camphor  or  wtearopteue  identical  with  thymol  C'*U**0  {<j.  r.). 
The  hv'lrocar1>on  separattxl  by  fractional  distillation  and  purified  by  treatment  with 
chloride  of  calcium,  {>otn8h,  and  potassium,  is  a colourless  aromatic  oil  boiling  at  172®, 
and  haring  a density  of  0-854  at  12®.  When  treatetl  with  hydrochloric  acid,  it  yields, 
not  a crystalline  compound,  but  a brown  mobile  liquid.  (Stenhouse,  Ann.  Ch. 
Pharm.  xeiii.  269  ; xcviii.  307 ; Chem.  Soc.  Qu.  J.  ix.  234. — Haines,  Chem.  Soc.  Qo. 
J.  viii.  289.) 

Ptrcczsrs.  A doubtful  alkaloid  said  to  exist,  together  with  sanguin&rine  and 
another  alkaloid,  calle<l  porphyroxine,  in  the  root  of  Sanguinaria  canadensis.  (G.  D. 
Gibb,  Pharm.  J.  Trans.  [2]  i.  454.) 

PirsBXXirO.  Sco  Inox  (iii.  3l7). 

PUXBATZXXA-CAaSPBOXU  8yn.  with  Aneuonix  (i.  291). 

POmZCE.  Sec  OnsiDUN  (p.  169). 

PX7VAKX.ZTB.  Syn.  with  Pooxahute  (p.  688). 

PTTirxCA.  The  root-bark  of  the  pomegranate  {Punica  Granatum)  yields  when 
air-dried,  13  *22  per  cent^,  and  when  dried  at  100®,  16*02  per  cent,  ash,  containing 
4-76  K*0  (with  trace  of  soda\  48  87  CaO,  1*84  MgO,  0 76  Fe'O*,  212  PH)*,  3 29  SiO>, 
0-98  SO*,  0-46  Cl  and  3875  CO*.  (Spioss,  Jaliresb.  1860,  p.  650.) 

PXrBXCXN*.  An  acrid  uncrystallisahle  substanco  obtained  from  the  bark  of  the 
pomegranate  tree.  (High ini,  J.  Pliarm.  [3]  v.  298.) 

PVRPXB,  ABXXtXWB.  See  Axtlixe-dtbs  under  Phextlamixe  (p.  466). 

PITBPXiB  OP  CASSXirs.  Soe  QoLD-FxrBPi.B  (ii.  938). 

POBPXE  COPPBB*  Variegated  Copper,  Erubeecite,  A native  sulphide  of 
copper  and  iron  (ii.  78). 

PVBPXB  CBOOBXW.  A term  applied  by  Stokes  (Proc.  Hoy.  Soc.  xtti.  357) 
to  the  colouring  matter  (cruorin)  of  the  blood  when  partially  deoxidised ; in  its  moro 
highly  oxidised  state,  it  is  called  scarlet  cruorin. 

PXntPOXtATBS.  Scheeic,  in  1776.  observed  that  the  solution  of  uric  acid  in 
nitric  acid  reddened  the  skin  and  left  a dtep-red  residue  when  evaporated.  Fronts 
in  1818,  obtained  this  colouring  matter  in  the  crystalline  form,  and  regarded  it  as  the 
ammonium-salt  of  a peculiar  acid,  purpuric  acid;  by  double  decomposition  he 
succeeded  in  obtaining  other  metallie  purpurates,  which  were  similarly  coloured.  He 
regarded  the  colourless  suhstance  which  is  separated  from  purpurate  of  ammonium  by 
strong  acids  (murexuu)  as  purpuric  acid.  Liebig  and  Wohler  (Ann.  Cb,  Pharm. 
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xxvi.  319),  showed  that  Prout’s  purpuric  acid  did  not  possess  Uie  property  of  forming 
coloured  salts,  and  so  could  not  be  coD8ider<*d  as  the  acid  of  the  purpunitcs;  further, 
they  regarded  Prout's  compound,  not  us  an  ammoniiim-A:iU  but  as  an  amide,  and  pro- 
pojdiKl  to  designate  it  murexido.  Ijiitor  researches,  however,  by  Fritzsche  (J.  pr. 
Chpin.  xri.  380;  xrii.  42),  and  Beilstoin  (Ann.  Ch.  Phann.  crii.  176),  tend  to  es- 
taldish  it  as  a true  ammonium-salt. 

Purpuric  acid  has  never  been  isolated,  being  decomposed  when  its  salts  arc  treated 
with  a stronger  acid.  Taking  the  formula  of  the  ammonium-salt  as  C"H"N*U*  «■ 
C*H*(NH*)N*0*,  the  acid  isi  represented  by  the  formula  Laurent 

(C'ompt.  rend.  xxxv.  629)  regards  it  as  murexanic  acid,  the  amic  acid  of  alloxantin  or 
murexic  acid.  Beilstein  considers  it  as  a dibasic  acid,  and  regards  muri'xide  and  other 
normal  purpurutes  as  acid  salts. 

Puq^urat«'s  arc  all  distinguished  by  their  splendid  purple  colour;  many  arc  gold* 
green  by  reflecU'd  light 

Purpurate  of  Ammonium  or  Afwrr xirfr.— This  salt  is  formed  in  a great 
variety  of  circumstances:—!.  By  heating  dialurate  of  ammonium:  2CWN*0*  O = 
+ H*0  (ii.  316). — 2.  By  the  oxidation  of  ditiluramide  by  the  oxides  of 
silver  or  mercury. — 3.  By  exposing  to  the  air,  or  adding  alloxan  to,  an  ammoniacal 
solution  of  dialuramide:  C*H*N*0^  -r  2NH*  C*H*N*0*  H’Oi — 4.  By  t lie  action 

of  ammonia  on  alloxantin  (i.  139). — 5.  By  exposing  to  the  air  an  ammoniacal  solution 
of  murexan.  A solution  of  uric  acid  in  dilute  nitric  acid,  as  it  contains  alloxan  and 
alloxautin,  yields  purpurato  of  ammonium  on  addition  of  ammonia.  It  is  by  this 
process  (hat  murexide  is  prepared  on  the  manufacturing  scale  for  use  in  dyeing. 
Aminling  to  Beilstein,  the  oc.-^t  method  of  prepiiring  murexide  is  by  the  actiem  of 
mercuric  oxide  on  dialuramide.  4 pU.  of  dialuramido  and  3 pfs.  of  mercuric  oxide  are 
dissolvtnl  in  30  to  40  pts.  of  water,  a little  ammonia  is  added,  and  the  whole  is  boiled 
for  a few  minutes,  and  filtered  off;  the  filtrate  on  cooling  deposits  ciystal.'^  of  nuirexide, 
the  quantity  of  which  is  incri'ased  by  ad<ling  carbonate  of  ammonium  when  the  liquid 
is  nearly  cooL  Gregory  prepares  it  by  dissolving  4 alloxantin  and  7 pts,  tetra- 
hydrat^  alloxan  in  240  pts.  boiling  water,  and  adding  80  i<ts.  of  a cold  saturated 
solution  of  carbonate  of  ammonium.  Fritzsche's  method  of  adding  carbonate  of  ammo* 
nium  to  a boiling  solution  of  alloxan  probably  depends  upon  the  formation  of  alloxan- 
tin by  the  action  of  heat  on  the  nlloxan-sulution,  since  with  pui*e  alloxan  no  murexide 
is  obtained.  Gmelin  obtains  it  by  tiio  long-continuf<l  action  of  dry  ammonia  on 
finely-poundod  alloxantin,  the  resulting  brown-red  ma-ss  being  r«*peatedly  pulverised, 
and  exposed  anew  to  the  action  of  the  gas;  the  free  ammonia  is  then  remuv^,  and  the 
product  dissolved  in  as  little  hot  water  aa  possible,  and  ci^'stallised. 

Purpurate  of  ammonium  crystallises  in  four-sided  prisms,  which  are  garnet-coloured 
by  transmitted,  rich  gold-green  by  reflected,  light.  They  contain  1 at.  (6-64  per  cent.) 
water  of  cry'slallisation,  which  they  lose  when  heated  to  100^,  or  when  dried  in  vacuo 
over  sulphuric  acid;  they  aro  then  converted  into  a brown-red  powder,  which  acquires 
under  the  burnisher  a green  colour  and  metallic  lustre.  It  is  slightly  soluble  in  cold 
Kvitcr,  more  easily  in  not  wat4*r,  forming  a splendid  purple  solution;  insoluble  in 
alcohol  or  ether.  The  aqu«ous  solution  of  purpurate  of  ammonium  is  decomposed  by 
hydrochloric  or  suiphuric  acid,  murexan  ^*ing  precipitated,  while  the  supernatant 
liquid  contains  alloxan,  alloxantin,  urea,  and  ammonia.  Purpurate  of  ammonium 
dissolves  in  cold  ^ta^k,  with  evolution  of  ammonia,  forming  an  indigo-blue  solntion, 
which  is  decolonsed  by  heat,  after  which  the  addition  of  sulphuric  acid  precipitates 
murexan.  Nitric  acid  converts  murexide  into  alloxan.  An  aqueous  solution  of 
murexide  is  decomposed  by  $idpkurctted  hydrogen,  murexan  being  precipitated,  while 
the  supernatant  liquid  contains  alluxuutin  and  dialuric  acid;  no  hydrosulphate  of 
ammonium  is  formed.  Heated  with  cyanaU  of  potaMxum,  it  yields  pseudo-urate  of 
potassium  (p.  746). 

Various  formuls  have  been  proposed  for  purpurate  of  ammonium.  Liebig  and  Wohler 
give  C*H*N*0*;  Kodweiss,  C'H'N'O*;  Fritzsche,  C"H*N*0*‘*.  That  adopted  by 
Gmelin,  Oerhardt,  Laurent,  B«*ilsteiu,  &c.,  and  now  generally  accepted,  is  C*H*N*0*. 
The  following  are  the  results  of  analysis  : 

Kod«ci«f  Frititchs 


C.lr. 

at  XO^P. 

L.  unit  W. 

Lft-hlg. 

al  IVKT. 

>1  ISI». 

c* 

06 

33-80 

3806 

34  08 

34-4 

34-93 

34  18 

H* 

8 

2-82 

2 70 

3-00 

3 0 

2 83 

3-11 

N* 

84 

29-68 

36-34 

32-90 

31-8 

30-80 

30-35 

O* 

96 

33-80 

22  00 

30-02 

30-8 

31-44 

32  36 

C*H'N'0* 

284 

10000 

100-00 

100  00 

ino-0 

100  00 

100-00 

Murexide  is  used  m dyeiug  for  the  production  of  various  shades  of  red,  purple,  and 
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y«>Uow.  lU  solution  mixed  with  mercuric  S4ilts  produces  fine  red  nnd  purple  colours  on 
silk,  wool,  cotton,  and  leather;  and  with  ziuc-salta  it  yields  omnge  and  yellow  colours. 
The  colours  thus  obtained  are  very  freeh  and  brilliant,  and  may  be  expoeed  to  light 
without  fading;  they  are  however exct'snively  sensitive  to  the  action  of  s^phurous and, 
which  tarnishes  and  discolours  them  with  extreme  rapidity.  This  is  a great  drawback 
to  their  employment  in  places  where  the  use  of  coal-gas  has  become  generaL 

A few  years  ago,  murexide  was  very  largely  used  for  dyeing  and  c^ico-pruiting,  the 
weekly  yield  of  one  factory  alone,  that  of  Mr.  Rumneyof  Manchester,  baring  amounted 
to  no  less  than  12  cwt. ; but  it  has  since  been  nearly  driven  out  of  the  field  by  the 
aniline  colours.  {Hrport  on  Murt^ide-dyeing  hy  E.  Kopp,  K^p.  Chim.  app.  i.  79; 
also  Hofmann's  1862,  p.  118.— ^ohresb.  1867»  p.  649  ; 1858,  p.  671 ; 1860, 

1,.  762.) 

Ptirpurate  of  Pota$*iuin,  C*H*KNK)*.  — Obtained  as  a brown-red  cryatmlline 
|v>wder,  when  coDoentmted  solutions  of  purpurate  of  ammonium  and  nitruto  of  potaa- 
sium  are  mixed  together ; when  freed  from  murexide  by  Iwiling  with  nitre,  and  re- 
crystallised,  it  is  obtained  in  cty’stals  resembling  those  of  the  ammonium-aalt,  but 
darker.  It  is  slightly  soluble  in  water,  still  less  in  saline  solutions.  After  drying  at 
100°  it  loses  3*04  per  cent,  water  at  300^  (Fri  tzsch  e)  ; 2*96  per  cent.  (Beilst  ein). 
The  deep  blue  colour  of  a solution  of  murexide  in  cold  potash  nppeaia  to  be  owing  to 
the  presence  of  a basic  potassium-salt. 

The  »odium-9alt,  C*H*NaN*0*,  is  obtained  like  the  potassium-salt. 

The  barium-salt,  C'*H“Ba"N’*0'*,  isobtaintd  by  pn'cipitating  acetate  of  barium 
with  murexide.  It  is  a dark-green  powder,  which  becomew  purple-red  when  t^riturated  ; 
slightly  soluble  in  water,  forming  a purple  solution.  At  100 ' it  loses  8*78  per  cenL 
water. 

The  strontium-  and  calcium-salts  are  similarly  obtnimd  with  nitrate  of 
strontium  and  chloride  of  calcium.  They  are  slightly  soluble  witii  a purple  colour. 

The  magnesium-salt  is  very  soluble,  with  purple  colour. 

The  lead-salt  has  not  been  obtained  pure.  Murexide  added  toan  acid  solution  of 
acetate  of  load  gives  a red  solution  which  gradually  dc]K>siU  red  crystals  which  are  not 
homogeniK^us. 

Silver-salts. — The  mono-argcntic  salt,  (^H*AgN*0*  is  obtained  when  a rather 
dilute  solution  of  murexide  is  added  to  a dilute  solution  of  nitrate  of  silver  acidulated 
with  nitric  acid  It  forms  crystals  resembling  those  of  the  ammonium-salt ; it  gives  off 
its  water  (6*71  per  cent.)  at  100°. 

A di  argentic  salt,  C*H*Ag^*0",  is  obtained  as  a bmwu-red  powder  by  precipitating 
a cold  saturated  solution  of  murexide  with  nitrate  of  silver.  With  ammoniacai  nitrato 
of  silver,  murexide  yields  a deep  violet  precipitate  c«>utaiuiug  C*H*Ag*N*0*.2Ag*O. 
(Beilstein.) 

A solution  of  murexide  is  coloure<l  yellow,  but  not  precipitated,  by  trichloride  of 
gold  or  tetrachloride  of  platinum.  (Beilstein.)  F.  T.  C. 

Xsoporporate*.  C*U*MNH)*  (iii.  433). — These  salts,  produced  by  the  action  of 
evanide  of  potassium  (and  other  cyanides)  on  picric  acid,  have  the  same  composition 
as  the  purpurates,  and  resemble  them  very  closely  in  their  propertie.s;  indeed  isopur- 
purate  of  ammonium  is  undistinguishablc  from  murexide,  and  acconling  to  £.  Kopp 
may  be  used  for  dyeing  in  the  same  way  as  the  latter. 

Metapnrpurates,  C*H*MN*0*.  fPfaundlerandOppenheim.Boll.Soc.  Chim. 
1865,  ii.  99.) — The  potassium-salt,  C*1PKN*0*,  is  product  by  the  action  of  cyanide  of 
potassium  on  dinitrophenic  acid,  and  differs  from  the  purpurate  or  isopurpurate, 
C*H*KN‘0*,  in  the  same  manner  as  dinitrophenic  acid  differs  from  trinitrophenic 
(picric)  acid,  that  is  to  say,  by  containing  1 at  hydrogen  more,  and  1 at.  nitryl  less. 
It  i.s  prepared  by  dropping  a solution  of  pofa-ssium-cyanide  heated  to  60°  into  an 
aqueous  or  alcoholic  solution  of  dinitrophenic  acid,  and  separates  on  cooling  in  the 
fonn  of  a verj'  dark-coloured  ciy’stalline  powder.  It  may  be  purified  by  washing 
with  a small  quantity  of  coM  water,  reciy*8tallisution  from  warm  water,  then  pressing  it 
in  a cloth  and  diying  over  oil  of  vitriol.  When  moist  or  in  solution,  it  is  verj*  unstable, 
iK'ing  decomixMicd  at  the  tem^teruturt*  of  the  water-bath,  but  if  once  dried  in  the  air,  it 
may  be  h»ated  to  100°  without  decomposition;  at  that  temperature  it  ntains  1 at. 
Water  of  crystallisation,  which  it  giveji  off  (7'31  p»»r  cent.)  at  150°. 

The  solution  of  this  pnta.*isium-6alt  gives  dark- browu  precipitates  with  most  metallic 
solntioDK  and  with  the  chlorides  of  barium  and  strontium.  The  sucrr-<ui//,  C"H*AgN*0* 
which  is  red  and  has  a grccui  metallic  lustre,  obstinately  retains  a portion  of  the 
potassium-salt  used  in  its  preparation. 

pwmtsnr  or  PlOtProAWXPa.  (Stenhouse,  Proc.  Koy.  Soc.  (1B63) 
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zii.  633;  xiii.  145. — Schutzenberger  and  Schiffert,  Ball.  Soc.  iodoJitr.  de 
Mulhouae,  1864,  p.  70 ; Jahroab.  1864,  p.  543.) — A product  formr-d  by  the  action  of 
ammonia  on  purparin.  A recently  prepared  eolation  of  purpurin  in  ammonia  deposita 
purpuhn  nnalter^  on  addition  of  hydrochloric  acid;  but  if  left  to  itaelf  for  a day  or 
neuted  to  100®,  it  yields,  on  addition  of  hydrochloric  or  dilute  sulphuric  acid,  a dark 
violet-coloured  precipitate,  which  dissolves  in  alcohol  with  deep  violet  colour,  and  sepa- 
rates therefrom  in  crystals  resembling  murexide  (Schutzenberg  and  Schiffert); 
in  dark  crimson  microscopic  needles,  exhibiting  a fine  iridescent  green  colour  by  reflected 
light.  (Stenhouse.) 

Stenhouse  designates  this  substance  as  purpurein  (from  its  analogy  to  orec'm),  and 
represents  it  provisionally  by  the  formula  C**H**N*0‘* ; Schutzenberger  and  SchiflTert 
regard  it  aspurpuraraide,  and  as  formed  from  purpurin  (to  which  they  ai<sign  the 
formula  according  to  the  equation,  C**H*’0^  + Nil*  — H*0  * C**H‘*NO*. 


According  to  Stenhoate.  According  tu  5kh(iixrnb«rgcr  and 

SchlQert. 


r 

C" 

396 

C^tc. 

6613 

Found. 

65-29 

r 

(?• 

240 

('hIc. 

66-11 

Found. 

65-47 

H« 

24 

3-95 

4-01 

H‘* 

13 

3-58 

4-14 

K> 

28 

4’60 

4-60 

N 

14 

3-85 

4-19 

O'* 

160 

26-32 

28-10 

0* 

96 

26-46 

26-20 

608 

10000 

100  00 

363 

100-00 

100-00 

The  analjrtical  results  leave  no  doubt  as  to  the  identity  of  the  two  products.  The 
formula  proposed  by  Scbiitzenbci^r  and  Schiffert  is  perhaps  the  more  probable  of  the 
two  (provided  their  formula  of  purpurin  is  correct),  though  it  does  not  agree  quite  so 
closely  with  the  analysis  as  the  other,  and  moreover  the  compound  has  not  Wen  shown  to 
possess  the  characters  of  on  amide.  Stenhouse  regards  the  formation  of  his  purpurein 
as  analogous  to  that  of  orcein  from  orcin  (p.  211),  that  is  to  sny  as  depending  on  the 
joint  action  of  ammonia  and  oxygen  (he  exp<M»ed  a solution  of  purpurin  in  dilute 
ammonia  to  the  air  for  about  a month,  renewing  the  water  and  ammonia  as  they 
evaporated);  but  according  to  Schutzenberger  aud  Schiffert,  the  formation  of  the 
ammoniacal  compound  of  purpurin  does  not  depend  on  oxidation,  the  same  product 
being  obtained,  and  more  quickly,  when  the  ammoniacal  solution  is  heated  to  100®  in 
a clewed  vessel.  It  must  bo  ob^rved  also  tliat  Stenhousc’s  purpurein  was  obtained 
from  purpurin  prepared  from  madder  by  E.  Kopp’s  process  (iii.  749).  which,  according 
to  Schutzenberger  and  Schiffert,  is  not  a definite  product  (see  Pubpubik). 

Parpurein  or  purpuramide  is  nearly  insoluble  in  sulphide  of  carbon  and  in  cold 
dilute  acids,  slightly  soluble  in  ether  and  in  cold  water,  more  easily  in  hut  water,  very 
easily  in  alcohol  and  in  dilute  aqueous  alkalis.  From  its  solution  in  cold  concentrated 
■ulphuric  acid,  it  is  precipitated  by  water  in  its  original  state.  Its  solution  in  ether  or 
in  alcohol  containiug  acetic  acid  exhibits,  according  to  Stokes,  absorption-bands  re- 
sembling those  of  purpurin  in  character,  but  differing  in  situation. 

The  aqueous  solution  of  parpurein  is  precipitated,  like  that  of  orcei'i^  by  chloride  of 
sodium.  It  forms  a red  precipitate  with  chl^de  of  tiw,  purple  gelatinous  with  mer- 
curic  chloride^  dark  brown  wiw  nitrate  of  eilt^er.  It  dy<*s  silk  and  wool  a fine  rose-red 
or  amaranth-red  without  the  aid  of  moi^ants,  but  mordanted  vegetable  fabrics  are  not 
permanently  coloured  by  it. 

The  solution  of  purpurein  in  aqueous  alcohol  gives  with  hromine-wtter,  a yellow 
amorphous  precipitate,  and  the  evaporated  filtrate  depewits  on  cooling  a small  quantity 
of  a brown  resinous  powder.  A solution  of  parpurein  iu  nitric  acid  of  specific  gravity 
1’35,  deposits  on  cooUng, scarlet  prisms  of  nitropurpurein,  insoluble  in  water,  ether 
and  sulphide  of  carbon,  nearly  insoluble  in  alcohol,  but  soluble  in  hot  nitric  acid. 
(Stenhouse.) 

FimvXMOCOaA3bTlC  SAliTS.  See  Cobalt-basbs,  Amiioiiiacai.  (i.  1052). 

PWVUO  AOXl>.  See  Purpubatks  (p.  747). 

FUlkPintXXr.  C*H*0*  according  to  Debus  and  Stenhouse ; C**H'*0*  according  to 
Schutxenberger.  Oxyliraric  acid  of  Debus ; Afaddcr-purple  of  Rungs ; Matiirt  e3or- 
ante  rose  of  Gaulthier  de  Claubry.  (Colin  and  Robiquet,  Ann.  Ch.  Fhys.  [2]  zxxiv. 
244.  Oaulthier  de  Claubry  and  J.  Persoz,  ihia.  xlviii.  69. — Persoz,  t5td.  li. 
110. — Runge,  iSid.  Ixiii.  282. — J.  Sehiel,  Ann.  Ch.  Pharm.  lx.  74;  Debus,  i5rd, 
Ixvi.  351 ; Uxxvi.  117. — Wolff  and  Strecker,  ihid.  Ixxv.  1. — Roehleder,  ihid. 
Ixxx.  321 ; Ixxxii.  205. — Stenhouse,  Proc.  Roy.  Soc.  xii.  633;  xiii.  145. — Schut- 
zenberger and  Schiffert,  Bull.  Soo.  industr.  de  Mulhouse,  1864,  p.  70;  Jahr»»sb. 
1864,  p.  542. — Sch utzenberger,  Bui).  Soc.  Cliim.  1865,  ii.  12.) — A red  colouring 
matter  extracted  fmm  madder  by  the  same  processea  as  alizarin  (i.  113;  iii.  742),  and 
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B<»p<irated  therefrom  by  it«  greater  aolubilitv  in  alum-lioaor.  Debus  prepares  it  by 
adding  dilate  sulphuric  acid  to  the  ulum-solutions  from  which  the  alirnrin  has  M'pa* 
rated  by  cooling,  and  boils  the  precipitate  which  forms  after  12  or  14  hours,  with 
dilute  hydrochloric  acid,  to  free  it  fmm  alumina.  It  is  tl»*n  washed  with  water  and 
recrystalliswl  from  alcohol.  For  other  processes,  set*  Gvfrlinft  Havdfook  (xiii.  326). 

£.  Kopp  extracts  purpurin  from  madder  by  macerating  the  ground  root  in  dilute 
aqueous  sulphurous  acid,  mixing  the  filtrate  with  sulphuric  acid,  and  heating  the 
liquid  to  30-*  or  40®  (iii.  749).  l>ut  according  tx)  Schiitzenbergur  and  Schiffert,  the  n*d 
or  omnge>coloured  flakes  thus  precipitated  are  not  a definite  compound,  but  m.ay  be 
separated,  by  the  successive  use  of  alcohol  and  benzene,  into  purpurin  or  uxyalizarin, 
pseudopurpurin  or  trioxyalizarin,  C“U'*0*,  an  orange-r^  colouring  matter, 
consisting  of  hydrate  of  purpurin,  and  a yellow  colouring  matter, 

isomeric  or  polymeric  wdtb  alizarin  (p.  751). 

Stenhouse's  metho<l  of  extracting  purpurin  from  East  Indian  madder,  or  munjeet,  is 
dcserilMid  under  MrxjisTlx  (iii.  1061). 

Purpurin  exhibits  some  diversity  of  physical  properties  according  to  the  cimnn- 
stances  of  its  preparation.  From  strong  alco’iol  it  ciystallises  in  rtd  needles ; from 
weak  alcohol  in  soft  slender  orangi^-coloured  needles  containing  4*8  per  cent,  water, 
(C*II*O*.jn^0),  which  they  give  off  at  100®,  assuming  a red  colour  (Wolff  and 
Strocker).  According  to  Schiitzonberger  and  Schiffert,  the  anhydrous  compound 
crystallises  from  hot  alcohol,  the  hydrate  from  cold  ah*ohol  (p.  751).  The  anhydrous 
compound  melts  when  heated,  and  sublimes  with  partial  decomposition,  leaving  a enr* 
bonnccous  residue.  Respecting  the  optical  characters  of  its  solutions,  see 
(iii.  638,  foolnolo). 

The  composition  of  anhydrous  purpurin  is  variously  stated  by  Debus  and  by  Sten- 
housn  on  the  one  hand,  by  Schiitzenboiger  and  Schiffert  on  the  other. 


Schiits. 

Drliiii,  Stcn>  It  Sc'hiitr. 

Ttie;4n.  hnutp.  mfan. 


c* 

108 

66  07 

66-40 

66  46 

240 

65-93 

65  83 

H* 

6 

3-70 

3 86 

3 -.05 

11 

12 

3-29 

3 37 

0‘ 

48 

29-63 

29-74 

29-99 

O’ 

112 

30-78 

30-80 

C'U'O* 

162 

100-00 

100-00 

100-00 

364 

100-00 

100  00 

The  purpurin  analysed  by  Debus  was  obtained  from  ordiinry  madder  by  the  process 
alx)vc  describetl ; that  of  Stenhouse  from  munjeet ; that  of  Schutzenberger  and  Schiffert 
from  the  cnnle  purpurin  prepared  by  E.  Kopp’s  process,  by  extraction  with  hot  al- 
cohol. I’ho  formula  they  assign  to  it  represents  it  ns  oxyalizariii,  alizarin  being  rc?ganle<l 

as 

Purpurin  is  more  soluble  in  teairr  than  alizarin,  and  forms  a retldish  solution.  It 
dissolves  also  in  alcohol  and  in  ether;  the  alcoholic  solution  is  redder  flmn  that  of 
alizarin.  It  is  easily  soluble  in  a boiling  solution  of  n/um,  fonning  a liquid  of  a beauti- 
ful pink  colour  with  yellow  fluorescence,  and  remains  dissolved  after  coidiug,  whereas 
alizarin  is  dep>sit(Ki  from  the  same  solution  on  cooling.  Oil  of  vitriol  and  fvminq 
9\dj>huric  acid  also  dissolve  purjmriu,  the  latter  dccomjMwng  it  when  heated  to  200\ 
It  18  les.s  easily  attacked  than  alizarin  by  nitric  ac'ul ; on  boiling  the  liquid,  phthalic 
and  oxalic  acids  are  formed.  Pur|)urin  dissolves  in  caustic  alkalie,  and  at  the  boiling 
he.at  in  mdic  carl^onate^  with  cherry-rod  or  bright  rod  colour,  whereas  alizarin  forms 
blue  solutions.  The  alkaline  srdutions  of  purjmrin  decomjxjse  on  exposure  to  the  air, 
the  colour  of  the  liquid  chauging  from  bright  red  to  rwldit^h-yellow,  and  ultimately 
disapp<'iiring  almost  entirely,  after  wliich  purpurin  can  no  longer  l>e  detectiHl  in  the 
liquia  : nliziirin.on  the  other  hand,  suffers  no  such  dccomf^xisition  (Schunck).  These 
characterfi,  together  wdththe  peculiar  spectrum  formed  by  its  solutions,  sufficiently  dis- 
tinguish purpurin  from  alizarin. 

Purpurin  dissolves  in  ammonia,  and  tlio  solution,  after  exposure  to  the  air,  or 
after  being  heated  to  100®  in  a close  vessel,  de^Kisits  purpurein,  on  addition  of  acids 
(p.  749). 

An  alcoholic  solution  of  purpurin  forms  with  acetate  of  lead  a purple  precipitato 
containing  46-6  per  cent,  lead-oxide,  agreeing  approximately  with  the  formula 
5C'*H'*Pb"0*.Pb"6,  which  requires  46*7  percent.  (Wolff  and  Streckcr.  Debus.) 

Compounds  of  purpurin  with  potath  and  soda  are  obtaine<l  as  nearly  black  crystal- 
line precipitaU«,  on  mixing  the  alcoholic  solutions  of  purpurin  and  the  alkalis.  On 
heating  these  comjHJuntU  to  150®  with  ethyiic  iodide  and  alcohol,  rod  crystalline  grains 
are  obtained.  sligliUysoluble  in  alcohol  and  consisting  of  ethylpurpurin  C*^li**0*  » 
C***H'‘(C*1P)0^  (aualysiB  66  82  per  cent.  C and  4 51  H;  calc.  67*34  C and  4*08  H). 
(Schutzonberger  and  Schiffert.) 
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C*yinj>ound$  fMaintd  from  Emile  Kopp's  “ purpurin " by  the  action  of  »olcmts 
(Schiitzenborger  and  Scbiffert).  This  crude  purpurin  is  partially  soluble  in  cold 
alcohol.  The  insoluble  portion  contains:  a.  Purpurin  or  oxyalizarin 
which  di&solTos  in  boiling  alcohol ; and  /3.  Psendopurpuri  n or  triozy  alizarin 
which  is  insoluble  in  boiling  alcohol,  but  dissoWos  in  hot  benzene  and 
crystallises  therefrom  in  slender  brick-red  needles.  The  cold  alcoholic  extract  con- 
tains: y.  An  orange-red  colouring  matter,  consisting  of  hydrate  of  purpurin 
— C*H**0^2H*0  ; and  8.  A yellow  colouiing  matter,  isomeric  with  alizarin 
C**H'*0*.  The  latter  is  soluble  in  benzene;  the  former  is  insoluble  in  that  liquid,  but 
dissolves  very  easily  in  alcohol,  and  separatee  therefrom,  sometimes  as  a curdy  mass, 
sometimes  in  orange-red  laminm. 

The  centesimal  composition  of  the  three  last-mentioned  products,  as  determined  by 
analysis,  is  as  follows : 


P$fmdopur9urin. 

MM  of 

Hydrate  of  Purrurin. 

Menn  of 

YfUott  Cotouriu, 

g matter. 

Cmlc. 

Ana). 

Cdc. 

Anal. 

Calc. 

Anal. 

c» 

60  60 

61-06 

c» 

60 

69  93 

c» 

68-96 

67-90 

303 

2-97 

4 

4-13 

H'* 

344 

3 5.6 

O' 

36-37 

36-98 

O' 

36 

36-94 

0* 

2760 

28-66 

10000 

100-00 

Too 

100-00 

100  00 

roo~o6 

Fseudopurpono  and  hydrate  of  purpurin  are  converted  into  purpurin  by  sublima- 
tion (leaving  a considerable  resiuue  of  charcoal)  or  by  heating  with  alcohol  to 
180'^— 200®. 

The  yellow  colouring  matter  sublimes  almost  without  decomposition.  It  may  be 
produced  from  purpunn,  pscudopurpurin  or  hydrate  of  purpurin,  by  heating  to  180® 
with  water  and  iodide  of  pnoephorus,  or  more  easily  by  the  action  of  stannous  chloride 
on  a boiling  alkaline  solution. 

Purpurin,  pscudopurpurin,  and  hydrate  of  purpurin  impart  to  mordants  colours 
resembling  those  of  alizarin;  the  tint  communicated  by  them  to  alnmina-roordanU 
is  more  radish,  and  without  blue  redez.  The  colours  produced  on  tissues  by  pur- 
purin  and  iU  hydrate  resist  the  action  of  boiling  soap-water  tolerably  well,  whereas 
those  formed  by  pscudopurpurin  arc  completely  d(»>troycd  thereby.  The  resistance  is 
therefore  nearly  in  inverse  proportion  to  the  amount  of  oxygen  in  the  colouring  matter. 
The  y<dlow  colouring  matter  produces  with  alumina-mordant  a rather  duU  yellow, 
which  is  destroyt'd  by  soaping  and  by  immersion  in  a bath  of  stannic  cUoride. 
(Sebiitzenborger.) 

PU&PtntXVO.  Syn.  with  Pouponmo  (p.  691). 

PtTMtSS.  A yellow  colouring  matter  imported  into  Europe  from  India  and  China 
in  round  lumps  weighing  three  or  four  ounces,  brown  on  the  outside,  of  a deep  orange- 
yellow  colour  within,  and  exhibiting,  according  to  Erdmann,  a crystalline  structure, 
itespecting  its  origin,  varions  and  contra<lictory  statements  have  been  made.  Acconl- 
ing  to  most  authoritii^  it  is  of  animal  origin,  and  is  dojxMited  from  the  urine  of  camels, 
elephants,  and  buffalos,  especially  after  the  animals  have  eaten  certain  plants  (the 
fruit  of  dilangoetana  mangifer  for  example);  according  to  others,  it  is  an  intestinal  or 
biliary  concretion  of  the  same  animals : Steohouse,  on  the  other  hand,  supposes  it  to  be 
a vegetable  mibstance  prepared  by  evaporating  down  a vegetable  juice  mixed  with 
magnesia.  Its  peculiar  o^ur  resembling  that  of  castorcum  is,  however,  in  favour  of 
the  former  supposition. 

Purree  serves  for  the  preparation  of  Indian  yellow,  a fine  rich  durable  yellow 
colour  much  used  both  in  oil  and  water-colour  painting,  and  consisting  mainly  of 
euxanthate  of  magnesium  (see  Euxantuic  Acid,  ii.  609) ; according  to  Wagner,  it  also 
contains  alumina.  Indian-yellow  being  somewhat  costly  is  of^en  sdulteratid  witli 
cheaper  yellow  pigments,  chrome-yellow  for  example.  According  to  M.  Haro,  jnn.,  a 
colour  maker  in  Paris,  pure  Indian  yellow  bums  like  amadou,  leaving  a comparatively 
small  residue,  whereas  the  adulterated  article  bums  more  slowly,  and  leaves  a larger 
residue.  {Chimie  dea  Couleura^  pur  J.  Lefort,  Paris,  1856.) 

PXnutXlXC  ACXX>*  Syn.  with  Eux^thic  Ann. 

PinUtXIWOWS.  Syn.  with  Ei’Xa.vti(onr. 

PITS.  A pathological  product,  the  result  of  certain  diseased  actions  of  the  animal 
body.  Typical  pus,  “ laudable  ” pus.  is  a thick  yellowish  liquid  of  the  consistency  and 
upyK-arance  of  cream,  but  its  physical  and  chemical  characters  vary  exceedingly  ac- 
cni^ing  to  the  kind  of  tissue  from  which  it  comes  and  the  nature  of  the  disease  giving 
rise  to  iU  Its  reaction  is  generally  alkaline,  but  sometimes  neutral  or  acid.  It  con- 
sists of  pus-corpuscles  fioating  in  a pus-scrum  ; the  aeparution  of  the  two  by  filtration, 
thuugh  UhUous,  is  practicable. 
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PUSCHKINITE— PYCNITE. 


The  protein-constitueotfl  of  ptuliave  been  oh  yet  butimperfectly  Btudiod.  Theservn 
cootaioB  an  albumin  apparently  identical  with  that  of  blood-serum,  together  with 
globulin  or  myosin.  From  the  corpnseb  s also  may  be  obtained  n substance  pr«fi*^ing 
some  but  not  all  of  the  reactions  of  myosin  (Hoppe-Sey ler,  Phys.  Chem.  Analyse, 

L363).  In  many  but  not  all  flf»ccimcns  of  pus  may  be  found  the  so-called  py  i n,  which 
i the  following  reactions.  It  is  precipitated  from  its  solutions  by  acetic  acid,  the 
precipitate  beinff  insoluble  in  excess  of  the  reagent.  Nitric  and  hydrochloric  acids  giTo 
precipitates  readily  soluble  in  excess.  Ferrooyanide  of  potassium  produces  no  precipitate 
in  the  hydrochloric  acid  solution.  A solution  of  pyin  is  unaltered  by  boiling.  Pyin 
closely  resembles  mucin  (said  to  l>e  found  in  pus  from  mucous  membranes),  differing 
from  it,  however,  in  being  precipitated  by  mercuric  chloride  and  neutral  acetate  of 
lead.  Gelatin  and  chondrin  hare  been  found  at  times  in  pus. 

Among  the  fatty  botlles  aluays  present  in  pus  may  be  mentioned  cholesterin,  olein, 
palmilin  (the  last  two  also  in  combination  with  alkalis),  cerebric  and  glyceru-pbcr^ 
phoric  acid.  According  to  Fischer  (Med.  Chit.  1865,  p.  225),  the  only  fatty  body 
besides  cholcsterin  in  go<xi  fresh  pus  is  protagon,  wliose  speedy  decomposition  gives 
rise  to  the  rest.  The  same  observer  also  stati's  that  butyric,  formic  and  valerianic 
acids  when  present  are  putrefactive  pro^lucts.  Bodekerfound  inspecimensof  pus,  a 
substance  called  by  him  cklorrodinir  a/^id. 

Sugar  and  urea  have  occa-sioiially  been  found ; and  leucine  may  be  regarded  as  a 
constant  constituent  unless  it  be  a product  of  putrefaction  (Fischer),  Pus  from 
wounds  often  has  a blue  colour,  very  uistinctly  seen  when  dried  on  bandages,  &c. ; this 
arises  from  the  presence  of  Pyocyanin,  which  may  be  isolated  in  the  foliowring  way. 
The  bandages,  &c.  are  sU*epcd  in  water  containing  a few  drops  of  ammonia,  and  the 
resulting  green  liauid  is  filtered,  partially  evaponitfd,  and  again  filtered.  The  filtrate 
is  shaken  with  chlonjfurm,  whieli  takes  up  the  colouring  matter;  and  the  chloroform 
solution  is  treated  with  very  dilute  sulphuric  acid  until  it  turns  quite  red.  On  stand- 
ing a red  aqm*ous  layer  sepjirates  which  is  removed,  treated  with  caustic  baryta  until 
it  changes  to  blue,  filtere<l,  and  the  filtnite  again  sh.-iken  with  chloroform,  Tbe  blue 
chloroform  solution  is  allowed  to  evaporate  in  the  air.  Pyocyanin  ciwstalliscs  in 
newlles  or  in  rectangular  flakes.  It  is  soluble  in  chloroform,  alcohol,  and  water,  with 
difficulty  in  ether.  Acids  turn  it  reil ; alkalis  restore  the  blue  colour.  Chlorine 
destroys  it.  After  the  separation  of  the  ])yocyanin,  the  chloroform  retains  in  solution  a 
yellow  substance  called  pyoxanlhose,  which  remains  on  leaving  the  solution,  pre- 
viously freed  from  fat,  to  evaporate  spontaneously.  It  is  sometimes,  though  rarely, 
obtained  in  groups  of  microscopic  Deeali*s.  It  is  very  sligljtly  soluble  in  water,  more 
soluble  in  alcohol,  ether,  chloroform,  and  bcn7.cno.  Acids  turn  it  red,  alkalis  violet 
(P’ordoB,  Conipt.  rend.  Ivi.  1128;  Jahresb.  1863,  p.  657).  W.  B.  Herapath  finds 
indigo-blue  in  blue  pus  (Brit  As.soc.  Trans.  1864,  p.  124). 

The  ashes  of  pus  consist  mainly  of  chloride  of  sodium,  with  alkaline  and  eartliy 
phosphates,  alkaline  carbonates,  sulphate  of  calcium,  and  oxide  of  iron. 

The  quantititivo  analyses  of  pus,  as  might  be  expected,  differ  widely.  The  following 
(Bibra)  may  bo  taken  as  an  average.  In  1,000  parte:  water  862,  solids  138,  where- 
of albumin  91,  fats  and  cholcsterin  12,  extractives  29,  salts  9. 

Masse  (Simon's  Chom.  Syd.  Soc.  trans.  ii.  692)  thus  compares  1,000  parts 


Water  .... 

Pu(-i^um. 

89000 

Blood-..rum. 

906-S 

Solid  iwidue 

nooo 

93-6 

Organic  constituents 

92-58 

85-7 

Chloride  of  sodium 

1260 

4'6 

Carbonate  of  sodium  . 

2-22 

1-4 

Phosphate  of  sodium  . 

•32 

•9 

Sulphate  of  sodium 

•18 

•2 

Phosphate  of  calcium  . 

1-20 

0-7 

Carbonate  of  calcium  . 

■90 

WSCBKXlfXTB.  A variety  of  lime  and  iron  epidote  from  the  Western  Ural, 
north  of  Katherinenburg.  (See  Epidote,  ii.  490.) 


PUTRB.irOZBA«  Putrangira  Poxburokii,  an  East  Indian  plant,  yields  a fat 
oil  melting  «t  +31®.  (Lopine,  J.  Pharm.  [3]  xl.  16.) 

PimxurACTXOir.  See  Fermextatiom  (iL  623);  also  Urds  Dictionary  of  ArU, 
^e.  (iii.  548), 

PTCSrXTB.  A massiTe  subcolumnar  rariety  of  topes  «.). 
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^TCWOMBTMJt.  An  iiistrumt'nt  for  dt^rnmiining  tht*  np«i>itic  ^mritirs  of 
nenited  minenil  waters.  (Freseuius,  Zoitiychr.  Anal.  (Jbem.  i. 

BTCirOTKOFB.  See  SKRPtamifB. 

FT».  See  Pus. 


See  Pus  {p.  7*^2). 


FTOCTASrXJT.  ^ 

PYOXBjrrKosB.  { 

FTStACOWZTXG  ACZ1>.  Syn.  with  Itacomc  Acm. 

FT&AZ»BOZ*ZT8«  The  name  of  a Berios  of  dreomposition-protluets  of  nngite  and 
ocmsionally  of  hornblende,  cousi»«tiDg  mainly  of  magnesian  hydrosilicale**.  They 
blacken  when  heated,  then  bum  white  if  in  coufaet  with  the  air,  and  give  otf  water 
haring  an  empyrr'-umatic  odour,  due  to  the  presence  of  organic  matter.  When  very 
strongly  heate^l  before  the  blowpipe,  they  beix)me  rounded  on  the  edges  only.  Tlie 
pyraliolite  of  Stoi^rd  is  convert***!  by  strong  sulphuric  acid,  with  incipient  tumefac- 
tion anil  decomposition  of  the  oi^nic  matter,  first  into  a redilish,  thi*D  into  n black 
powiler.  The  Bame  decomposition  appears  to  be  prwluced  also  by  dilute  sulphuric  aoi<l, 
for  the  mineral  aft**r  being  treated  with  it,  is  no  onp*r  blackened  by  the  strong  acid. 

Pymllolites  have  Ix'en  analysed  by  Nordeiiskiold  (Schw.  J.  xxxi.  .*186),  Arppe, 
Furuhjelm,  Kuneberg  and  Helin  (Anal,  af  Finsk.  Min.  p.  36),  and  Pischof 
(^fjchrfutrh  d.  Chrnt.  Gfttloff.,  i.  616). 

a.  From  Kullakulkbmch : Kimite.  Green  or  blue-green;  partly  still  exhibiting 
distinct  uugite  structure.  Specific  gravity  = 27.  Iljinlness  « 3—4  (Kuneberg). — 
6.  Takvedaholm,  in  calcspar.  Green;  fibrous.  S|M*cific  gravity  « 2*70.  Hardnesa 
— 3 — 4 (Arppe).— c.  Skriibbdle,  in  quartz.  Green,  fibrous  or  granular.  Sj>ecific 
gravity  » 2*73.  Hardness  «>  2—3  (Arppe). — d.  Ilaapakyla;  greenish,  loosely  gran- 
ular aggregjite  in  cnlcspar.  Specific  gravity  » 2*61  (Arppe).— e.  KuUakulkbruch; 
white,  with  augitie  structure.  Hardness  =s  3 — 4(Arppe). — ■/.  StorgSrd,  Paisas  ( Nor- 
deuskiold. — Frugird;  light-brown  or  yellow-grey  columnar  miissee  cleavable  in 
one  direction.  Specific  gravity  =*  2 66.  Hardness  » 3 (A  rppe). — A.  Kullakalkbruch ; 
white,  earthy  (Selin). — ».  From  the  same ; greenish-white,  earthy  (Furuhjelm). 


s. 

b. 

c. 

e. 
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23-19 
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10-69 

6*33 

6-34 
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5-W 

3-74 
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Ferrou*  oxide  . 

IM 
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Vw 
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Va 
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8 7S 
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(3  0.5 

H 05 

99-41 

100-17 

101-03 

loo-so 
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99-90 

10ir64 

100-12 

90-66 

100-UA 

These  analyses  appear  to  indicate  a gradual  transition  from  the  composition 
lkP0.Si0*.H*O  to  M*0.4Si0*.n-0,  the  silica  b*ing  partially  also  roplacM  by  alumina. 

FT WULtI TXMO jrzra.  Syn.  with  Kermesite  or  Red  Antimony  (iii.  446). 

FTRAJkOZlbBZTB.  A silicate  occurring  in  the  granite  of  Helsingfors,  Finland, 
in  prismatic  forms  with  indistinct  cleavage.  Hardness  = 3*6.  Specific  gravity  — 
2'5.  It  is  partly  bhick  or  bluish,  liver-brown  or  dull  red,  with  a dull  resinous  Iustr*‘ ; 
has  an  argillaceous  ovlour.  lufusible  before  the  blowpipe,  but  becomes  slightly  ghued 
in  a strong  heat.  Soluble  in  hydrochloric  acid.  Contaius,  according  to  Norue  ns* 
kiold's  analysis  (Berz.  Jahresb.  1833,  p.  174) : 

SiO*.  Fe»<P.  MkO.  K*0.  Ns»0.  H*0. 

43*93  28*93  5 30  2 90  1*05  P86  15-47  - 99*43 


The  mineral  may  be  regarded  as  an  altered  dichroite  (ii.  820),  containing  | of  the 
strong  bases  of  that  mineral.  (Bischof.) 

FTRAROTRZTB.  Tktrk-rfd  filper  ore.  liuh^  tih'tr.  Blarfc  si7t>T.  Arr»mtf. 
Argi/ryihroee.  DurtkUn  Ritihgiiltiai  rc.  Antimonnilftrrblciide.  Argent  anthnoni^  gnlfurk. 
Argentum  nihrum, — Native  sulpbantimonite  of  silver,  occurring  in  rhombolH-dral  crys- 
tals, in  which,  for  the  rhombohiMron  R.  the  principal  axis  = 0*7946,  and  the  angle 
K : H in  the  terminal  edg*-s  « 108®  20'.  The  cry.stals  are  chiefly  prif‘matic,  form**d 
by  the  combination  of  otP2  with  R and  other  rhombohedruns  and  scalcnohedrona, 
({•'or  figures,  see  Dana,  ii,  77,  78.)  Ch'avage  rather  imperfect  parallel  to  R.  Tnins 
ar*'  of  frequent  occurrence.  The  mineral  is  also  found  massive,  with  granular  stnie- 
ture,  Bometimes  impalpable.  Hardness  « % — 2*5.  Specific  gravity  » 5*7 — 5*9. 

Translucent  to  opaque,  with  metallic  adamantine  lustre  and  bla<*k  colour,  sometimes 
approHclting  to  cochineal-red.  Strt'ak.  cochin  cal -red.  Fmeture,  conchoVdal,  Sectile, 
yielding  readily  to  the  knife.  Before  the  blowpi|>e  it  melts  and  gives  out  fumes  of 
antimony,  and  on  charcoal  ultimately  leaves  a globule  of  silver.  Dis^lves  in  hot 
nitric  acid,  leaving  sulphur  and  autimonious  oxide. 

VoL.  IV.  3 C 
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754  PYRELAIN— PYRIDINE. 

AnalyBet : — a.  From  Andr^asberg  in  the  Harts  (Bonsdorf,  5?<*hw.  J.  xxxir.  235>. — 
h.  From  Mexico  (Wohler,  Ann.  Ch.  Pharm.  xxvii.  167). — c.  From  the  Mularoehe 
mine  near  Zacatecas  in  Mexico.  (Bottger,  Hamm.  Mintralck.  p.  83.) 


CiUfmlation. 

Anatf/irt, 

' 

' 

a. 

i. 

C. 

s» 

96 

17-77 

17-78 

18-0 

17-76 

Sb 

120 

22-28 

23-26 

21-8 

24-59 

Ag* 

324 

69-95 

58-96 

60-2 

67  45 

Ag*SKS* 

640 

100-00 

100-00 

100-00 

99-80 

The  formula  may  also  be  written  3Ag*S.Sb*S*. 

Pyrarpj'rite  occurs  also  in  Saxony,  Norway,  Hungary,  at  Guadalcanal  in  Spain,  and 
in  Cornwall.  In  Mexico  it  is  worked  extensively  as  an  ore  of  silver.  A ligkt-T^d 
f Uvrrore  from  Andrertsl>cn?  ^as  found  by  Zincken  to  be  free  from  arsenic.  A prey  ore 
from  the  same  locality  contains  both  arsenic  and  antimony,  and  may  be  miargyrit'^ 
(iii.  1010). 

Pyrargyrite  occurs  like  proustite  (p.  739),  changed  to  silver-glance,  Ag*S*,  also  to 
pyrites.  (Dana.) 

VTSSSkAZV.  A name  applied  by  Berzelius  to  the  mobile  oil  obtained  by  dis- 
tilling with  WHler  several  of  the  empyreuraatic  oib  resulting  from  the  dry  distUlatko 
of  organic  bodies,  such  as  oil  of  wax,  amber,  bones,  &c. 

FYIUBVaItb.  a variety  of  iron-lime-gamet  (ih  772),  black  or  greyish -black, 
often  with  scmi-motallic  lustre. 

P'ntfinx.  C'H**?  (Laurent,  Ann.  Ch.  Phys,  [9]  Ixvi.  136.)— A crystalline 
hvdnK’arboji.  obtained,  togc*ther  with  chrysene,  by  the  dry  distillation  of  fata,  resins, 
and  coal.  To  prepare  it,  the  ethereal  liquid  which  has  served  for  the  extraction  of 
chrysene  (i.  958),  is  exposed  to  the  temperature  of  a freezing  mixture ; the  p>Tcne  is 
then  deposited  in  the  ciystalline  state. 

Pyrene  ciystallises  from  alcohol  in  microscopic  rhomboidal  laminse,  very  much  like 
anthracene.  It  is  tasteless,  inodorous,  insoluble  in  water,  slightly  soluble  in  alcoliol 
and  in  ether;  melts  between  170^  and  180®,  and  solidifies  in  a crystalline  foliated 
ma«s.  At  a higher  temperature  it  volatilises  without  decomposition.  It  is  carlxmised 
by  sulphuric  acid.  It  gave  by  analysis  9318  per  cent,  carbon  and  611  hydrogen; 
the  formula  requires  93  7 carlon  and  6*3  nydrogen. 

Dinitroftf/rene,  C**H‘®{NO*)*,  is  formed  by  the  action  of  warm  nitric  acid  on  pyrene, 
as  a thick  brown  oil,  which,  after  washing  with  water,  dries  up  to  a very  brittle  resin 
huWng  the  colour  of  gamboge  but  rrxlder ; it  melts  in  Ixiiling  alcohol. 

PTRSTHlUir.  This  name  was  given  by  Parisel  to  a soft  resin  extracted  by 
alcohol  and  ether  from  Hadix  Pyretkri,  which  however,  according  to  Kocne,  is  not  a 
definite  substance.  The  latter  found  in  the  root  0*25  percent,  of  a rc’sin  insoluble  in 
potash,  1*60  of  a brown  acrid  oil  soluble  in  potash,  0'35  of  a yellow  oil  soluble  in  potash, 
9*40  gum,  67*70  imilin,  7*60  salts,  19*80  vegetable  fibre,  and  traces  of  tannic  acid. 
The  two  oils  and  the  resin  together  constitute  Parisel’s  pyrethrin. 

The  flower-heads  of  PyrHhruvi  carnfum  which,  when  pulveris«*d,  form  the  **  Persian 
insect-powder”  contain,  according  to  J.  Hanamann  (Vierteljahrs.  pr.  Pharm.  xii 
622),  neither  a narcotic  base  nor  santonin.  The  action  of  the  powder  is  probably  due 
to  a pale  yellow  essential  oil,  which  has  a pungent  odour,  produces  headache,  and  tcilU 
or  stupefies  small  insects, 

PTRGOK.  A dingy  variety  of  Sahlite.  (See  Avoitb,  i.  474.) 

PTSXSXIfX^  C*I1*N,  (Anderson.  Ed.  Phil.  Trans,  xvi.  4 ; also  xx.  [2]  24"; 
Phil.  Mag.  J.  [4]  ii.  257;  Ann.  Ch.  Pharm.  Ixxx.  55;  Jahresb.  1851,  p.  478. — 
C.  Grev.  Williams,  Phil.  Mag.  J.  [4]  viii.  24;  also  E<1.  Phil.  Trans.  xxi.[2]315; 
Chem.  Oat.  Nov.  1,  1855. — Church  and  Owen,  Chem.  News,  ii.  146  ; Phil  Mag.  f4l 
XX.  110.) 

A base  discovered  by  Anderson  in  his  investigntion  of  l>oue-oil.  Subsequently  found 
by  C.G.  Williams  among  the  bases  in  the  tar  obtained  by  distillation  of  the  bituminous 
shale  of  Dorsetshire.  Traces  of  a base  having  the  same  composition  were  observed  by 
C.  G.  Williams  among  the  alkaloids  produetd  by  dostnictive  distillation  of  cinchonine*. 
Found  by  C.  G.  Williams  in  coal  naphtha,  also  by  Church  and  Owen  in  the  tar  of  p*at. 
It  is  produced  artificially  by  the  action  of  nascent  hydrogen  on  azodinaphthyldiamine. 
(PerKiD,  Chem.  8oc.  J.  xviii.  9.) 

Preparatit/n. — Proolsely  the  same  operations  are  ncK^cssary  as  in  the  case  of  picoline 
(p.  637),  except  that  in  the  fractional  distillation  the  portion  distilling  at  117®  is  to 
collected  instead  of  that  which  boils  at  140®. 
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Proprriifs. — Fjrridine  ib  a colourleHM  iDobilu  liquid,  harins  a most  powerful  und 
pwuliar  otlour  closely  resombling  that  of  picoline,  and,  like  mat  alkaloid,  causing  a 
bitter  taste  in  the  mouth  and  back  of  the  throat.  It  fumt‘s  on  the  approach  of  a rod 
dipped  in  hydrochloric  acid,  even  more  strongly  than  picoline.  Its  soltition  in  water 
beliAves  with  bleaching  powder  like  picoline.  Its  specific  gravity  at  0*  is  0*98o8,  It 
precipitates  the  Kilts  of  ziuc,  iron,  manganese,  and  aluminium  in  (he  cold,  nickcbsalts 
only  on  the  application  of  heat,  and  tlu*  precifiitale  dissolves  in  excess.  In  solutions 
of  copper  it  gives  a pale  blue  prci’ipitatc,  soluble  in  eotccss  of  base  with  a (h^ep  blue 
colour,  not  distinguishable  from  that  produced  by  ammonia.  It  has  a strong  tendeiuy 
to  form  crystallisable  double  salts.  It  boils  steadily  at  about  117®.  The  density  of 
its  vapour  was  found  to  be  2*01  ; theory  requires  2 734.  The  excess  of  the  exj>t*ri- 
mental  over  the  theoretical  numl>or8  arose  from  the  presence  of  traces  of  picoline. 
(Anderson.)  The  refractive  indices  of  a sptHrimen  of  pyridine  from  Dr.  Hofmann’s 
labomtorv  were  found  by  Gladstone  and  Dale  to  be  : — for  A,  1*4940  ; D,  1*5030  ; II, 
1*5387,  the  temperature  at  the  time  of  the  experiment  being  21  *5'^. 

Pyridine  is  Bauble  in  water  to  all  proportions,  and  is  difficult  to  obtain  al>solutely  dry. 
(Anderson.) 

Ikcomposifums. — Pyridine,  like  its  homologues,  is  exceedingly  stable  and  resists  the 
action  of  oxidizing  agents.  It  may  be  boiled  with  inonohydrateil  nitric  ac'ul^  or  with 
chromic  acid  without  decomposition,  and  treatment  with  nitric  acid  is  to  l)e  resorttnl  to 
as  a means  of  purification  when  the  base  is  contaminatiHl  with  empyreumatic  matters 
(Anderson). — 1.  Chlorine  acts  on  pyridine  in  the  same  manner  os  on  picoline  (.An- 
derson).— 2.  When  bromine^water  is  gradually  added  to  a solution  of  pyridine,  the 
liquid  becomes  muddy,  and,  as  the  quantity  of  bromine  increases,  an  abundant  pix'ci- 
pitate  appears,  and  collects  at  the  bottom  of  the  vessel  in  the  form  of  a reddish  nuisa 
of  a more  or  less  resinous  app^mrance.  This  substance  is  insoluble  in  water,  but. 
soluble  in  alcohol  and  ether.  When  boiled  with  water,  it  molts  and  emits  an  odour 
resembling  that  of  bromine.  Hydrochloric  acid  decomposes  it.  lil>erating  bromine. 
Potash  decomposes  it  also,  liberating  the  base.  From  these  n^actions,  Amb  rson  con- 
cludes that  the  substance  is  a direct  compound  of  pyridine  w'ith  seveml  atoms  of  bromine. 
Dry  pyridine  thrown  into  dry  bromine-vapour  solidifies  to  a ciystaUine  mass  which 
dissolves  in  water,  leaving  an  insoluble  matter  probably  analogous  to  the  compound 
produced  in  the  same  manner  by  acting  on  pyridine  or  picoline  with  dry  chlorine 
(Anderson). — 3.  When  pyridine  and  tincture  of  iodine  are  mixed  and  evaporated  to 
dryness  on  the  water-liath,  a dark  brown  mass  is  left,  partially  soluble  in  water,  leaving 
some  brown  cr^’stals ; they  are  easily  decomposed,  ana  appear  to  be  similar  in  charac- 
ter to  the  iodiue-compounds  of  the  fixed  bases.  The  watery  solution  contains  hy<lrio- 
date  of  pyridine  contaminated  with  a basic  imparity  which  may  be  removed  by  animal 
charcoal  (Anderson.) 

PruinnfB  salts.  Hydrochloraie  of  pyridine,  CTPN.HCl. — When  hydrochloric  acid 
saturated  with  pyridine  is  eraporat^  on  the  water-bath,  the  syrupy  fluid  on  cooling 
gradually  1x*comes  converted  into  a hard  radiated  mass  of  crystals.  The  salt  deli- 
quesces in  moist  air.  It  sublimes  unchanged  at  a high  temperature.  It  is  soluble  in 
alcohol,  but  less  BO  than  in  water ; insoluble  in  ether.  (Anderson.) 

Acid  sulphate  of  pyridine,  C*H*X.li*SO*. — When  sulphuric  acid  is  mixed  with  excess 
of  pyridine  and  evaporated  over  the  water-bath,  a deliquH4c«mt  ctystalline  mass  is  b ft, 
soluble  in  all  proportions  in  water  and  alcohol,  but  inK^)lubIe  in  ether.  (Anderson.) 

Hydriodate  of  pyridine,  C*U*N.HI.»Tubular  crystals,  readily  soluble  in  alcohol  and 
in  water,  but  not  deliquescent  (Anderson.) 

Hydrobromate  of  pyridine,  C*IPN.Hllr. — A deliquescent  salt  obtaintHl  in  acicular 
ciy'stals  on  evaporating  its  solution.  (Anderson.) 

nitrate  of  pyridine,  C*H‘N.IINO*. — 1‘iwily  obtained  by  mixing  nitric  acid  and  py- 
ridine. If  the  acid  be  concentrated,  and  the  base  dry,  or  nearly  so.  much  h«  at  is 
evolved,  and  the  mixture  solidifli*s  into  a ma-s  of  short  needles,  which  after  p^e^Kuro 
between  folds  of  Altering  paper,  n*.«»emble»  loaf->‘Ugar.  The  salt  may  be  purified  by 
recrystnllisation  from  water  or  boiling  spirit ; the  latter  is  to  be  pn*ft  iretl  On 
cooling  it  is  deposited  from  an  alcoholic  solution  in  fine  ne«dles  an  inch  long,  even  when 
operating  on  a very  small  scale.  Sometirot'S  it  is  obtained  in  short  thick  prisms.  It 
is  not  dwiquescent,  but  extremely  soluble  in  water,  less  so  in  alcohol,  insoluble  in  ether. 
Heated  in  a retort  it  molts,  and,  if  the  temperature  be  rnisetl  gradually,  sublimes  in 
a white  woolly  muss  ; but,  if  briskly  heated,  it  distils  in  the  form  of  a thiek  oily  liquid, 
which  solidifies  to  a mass  of  acicular  crystals.  Heated  on  a platinum  knife,  it  takes 
fire,  and  bums  with  great  brilliancy  and  a rapidity  almost  amounting  to  deflagration. 
(A  nderson.) 

Chloraurnte  of  pyridine,  C*H*N.HClAuCI*.— A fine  lemon-yellow  crystalline  powder, 
immediately  deposited  on  adding  solution  of  chloride  of  gold  to  a solution  of  hyiro* 
chlorate  of  pyridine.  It  dissolves  readily  in  hot  water,  and  is  deposit<  d on  Ci>oIing 
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in  fiDP  yellow  Dceniles,  little  soluble  in  cold  water,  and  insolnble  iu  alcohol.  (An* 
derson.) 

Chioroplatinate  of  pj/ridinf^  2(C*H*N.TICl).Pt'*Cl‘. — A solution  of  the  hydrochl.wme 
of  p}*ridine  mixi-d  with  solution  of  tetrachloride  of  platinum,  deposits  fhutened  priwnJ 
easily  soluble  in  boiling  water,  less  soluble  in  alcohol,  insoluble  in  ether. 

Priidticts  of  dfcompoaition  of  Chloroplaiinate  of  Pyridint. — When  chloroplatlcate 
of  pyridine,  free  from  excess  of  platinie  cliloride,  is  dissolred  in  hot  waur,  and 
llie  solution  k»*pt  lK>iling  for  five  or  six  days,  it  is  entirely  converte<l  into  a sah- 
statice  rt'sembling  sublimixl  sulj^thur  in  Hp[x*uranoe.  It  is  insoluble  in  wuter  and 
acids,  but  is  deoumpose^l  on  l>oihng  with  solution  of  hydrate  of  potassium,  pyri'iioe 
being  eTolvf-d.  The  sulphur-like  body  is  the  hydrochlorste  of  a platinum-ba5e>  analo- 
gous to  pitttinamine  ; it  nas  therefore  receivwl  the  name  of  jdatino-pyridinr.  Its  for- 
mation consists  simply  in  the  expulsion  of  one  atom  of  hydn^doric  add  from  <»ie  au-m 
of  the  chloroplutinate,  thus : — 

2(C»H^K.HCl)Pt''CP  - C'*H*Pt.\>.4HCl  -e  2HC1. 

If  the  boiling  be  arrested  b<*fore  the  entire  conversion  of  the  chloroplatinate  into  the 
alt  just  deHcriU'sl,  l»eantiful  ^hiDing  plates  are  depoHit**d.  They  consist  of  a double 
halt  fornuii  by  the  union  of  one  atom  of  the  dihydpochlorate  of  plat i no-pyridine 
with  one  atom  of  the  onginal  platinum-salt.  (Anderson.) 

When  chloroplnlinate  of  pyridine  is  boiled  with  excess  of  pyridine,  the  liquid 
becomes  dark  oolourtsl,  and  on  evaj>orHtion  to  drj’uess  in  the  water-bath,  and  addition 
of  water,  a dark  solution  is  obtaine<l.  and  a crystalline  residue  left.  This  substance 
is  the  hydn>chlorHtc  of  another  platinnm-baMc,  platosoppridine,  analogous  to  platos- 
amiue.  The  salt  has  the  formula  (C*H*N)*. Pt'  CP  or  C"H*PtN*.2HCl. 

Bubslituiion-derivatives  of  Pyridinf. 

IVlKTHYL-PYRnuME. — This  compound  has  not  yet  been  examined. 

KrnYL-PYiuDi.VE. — The  free  bases  of  this  class  undergo  decomposition  when  wanned. 
(See  Kthyx.'PICoune,  p.  639.) 

HydriodaU  of  hlthyf-pyridine,  C^IPN.HI. — Obtained  in  the  same  manner  as  the 
corresponding  picoline  base,  and  of  similar  properties. 

Chionmlatirntf  of  Etkyl-pyridinf,  2(C’H'N.llCl)Pl‘'Cl*. — Beautiful  gamet-colourrd 
rhomboVJal  plates  w'ith  bevelled  edges,  easily  obtained  a quarter  of  an  inch  in  diameter, 
even  when  o}M*ruting  ou  very  small  quantities.  (Anderson.)  C.  G.  W. 

PT&ZTS8.  A mineralogieal  name  including  various  metallic  sulphides,  chiefij 
those  of  copi^er  and  iron. 

Arsenical  pyrites  includes  the  two  species,  Icucopyritc,  FcAs*,  and  mispickel, 
FeAs^  FeS*  (ii».  368). 

Copper  pyrites  is  Cu*S.Fe*S*  (ii.  77). 

Iron  pyrites,  FeS*,  includes  the  yellow  or  cubic  species,  and  white  iron  pyrites  or 
marcasito,  which  crystallises  iu  trimetric  forms  (iii.  402),  Varieties  of  the  latter  are  : 
Padiatfd  pyrit€$,  including  the  radiated  musses  and  mere  simple  crystals  ; spar  pyHiejs, 
the  macled  crystals;  the  dtH’omposed  liver- brown  monometric  crystals 

originally  consisting  of  yellow  iron  pyrites,  also  certain  hexagonal  p#M'udomorphs  ; c%>ck*- 
comb  pyrites,  the  crost-like  aggn-gations  of  marcasite;  ctihdar  pyrites,  tne  cellular 
vari*  tlps  formed  by  the  diM^omposition  of  ciystals  of  galena  which  contained  films  of 
pyrites  between  its  layers. 

i^lagnetic  pyrites  or  pyrrhotin  is  generally  Fe’S* (iii.  402). 

Tin  pyrites  is  Cu*S(SnS*.Fe*S*).  See  Tix. 

Variegated  pyrites  or  erubescite  is  FeS.2Cu*S  (ii.  78). 

The  native  sulplndes  of  copper  and  iron  are  extensively  used  for  the  extraction  of 
sulphur  and  the  manufactun>  of  sulphuric  acid  (see  Kichardsou  and  Watts's 
Chemical  Technology,  vol.  i.  Pt,  3 and  Appendix). 

PTROACSTZC  SPIRIT.  Syn.  with  Acktoke. 

PTROAXtlZARIC  AGIO.  Syn.  with  PuTHALic  AxurD&lDB  (p.  631). 

PTROBElVIOZims.  Syn.  with  Lopui.vk  (iii.  733). 

PTROCAMPBRBTXO  ACX3>.  (Schwanert,  Ann.  Ch.  Pharm. 

cxxviii.  77 ; Jahresb.  1863,  p.  397.) — Au  acid  produced  by  the  action  of  heat  on 
camphretic  acid,  one  of  the  products  of  the  action  of  nitric  acid  on  camphor. 
When  camphor  is  heated  with  10  or  12  pts.  of  nitric  acid  of  epecifio  gravity  134,  the 
liquid  cohobated  as  long  as  any  action  goes  on,  the  product  freed  as  completely  as 
po^iblehy  repented  ovupooition  from  camphoric  acid  (i.  730)  which  crystallises  out,  and 
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from  nitric  acid,  and  the  syrupy  mother-liquor  then  treatetl  with  10  pts.  of  cold  water, 
camphretic  acid,  C’*H'*0*  — ' jj,  ' >0*,  dissolves,  while  another  acid  remains 

behind.  To  purify  the  product,  the  filtered  solution  is  evaporated  till  tlie  residue  dis- 
solves completely  in  cold  water,  and  the  solution  is  fractionally  precipitated,  either 
immediately  or  after  neutralisation  with  ammonia,  with  neutral  acetate  of  lead,  which 
throws  down  the  r<*sl  of  the  camphoric  acid,  together  with  n third  acid.  The  solution 
filtered  from  these  lead-salts  is  then  completely  precipitated  with  acetate  of  lead,  tho 
washed  pr»“cipitate  is  decomposed  by  Hulpnydric  acid,  and  the  acid  filtrate  is  evaporated. 
Camphrelic  acid  is  thus  obtained  as  an  iuodorous,  pale  yellow,  thick  syrup,  like  Venice 
turpentine,  having  a sour,  pung«  nt,  and  somewhat  bitter  taste.  It  dissolves  easily  in 
water,  alcohol,  and  ether,  and  forms  uncrystallisablo  salts,  having  the  general  formula 

The  tthylic  r/Acr,  C'®I1*'(C^H*)*0^  obtained  by  decomTOsing  the  silver-salt  with 
iodide  of  ethyl,  or  by  passing  hydrochloric  acid  gas  into  the  alcoholic  solution  of  tho 
acid,  is  a non-volatilo  viscid  oil  of  specific  gravity  1*0775  at  13®.  Dicthyl~campkrttie 
acid,  is  produced,  together  wjth  the  neutrstl  ether,  by  the  last- 

mentioned  process,  and  may  be  extmeted  by  treating  the  oil  separated  by  water  with 
dilute  Hoda-ley,  agitating  the  neutralised  solution  with  ether,  and  evaporating  the  ether. 
It  then  remains  as  a thick  viscid  oil  of  specific  gravity  1128  at  13°. 

Camphrelic  acid  subjected  to  slow  distillation  in  an  oil-bath  yield.?  at  100®  an  acid 
water}*  diNtillate  containing  acetic  acid  and  HCt‘tone,  then  between  180°  and  220®  an 
oily  distillate,  which  partly  siolidifies  in  tabular  crystals,  ami  finally  at  aUmt  270°  a 
white  crystalline  sublimate,  with  a large  residue  of  charcoal.  The  oily  body  is  pyro- 
camphrelic  acid,  C'®H'‘0‘;  the  tabular  crjslals  are  metacamphretic  aeid,  C*®H*®0®; 
tho  sublimate  consists  of  camphoric  anhydride,  C'®1I**0*. 

Pyrocamphretic  acid  is  a pale  yellow  viscid  oil,  heavier  than  water,  having  an 
aromatic  odour,  and  a slightly  sour,  burning,  aromatic  taste.  It  l>oils  l>etween  206° 
and  210°,  does  not  solidify  at  0°,  is  insoluble  in  water,  but  dis.soIvw<  in  aleohol 
and  ether,  forming  strongly  acid  solutions.  The  barium-salt  and  the  lead-salt 
C"H**Pb*0®,  are  white  amorphous  precipitates. 

Metacamphretic  acid,  C‘*H‘®0*,  crystallises  from  an  alcoholic  solution  de- 
colorised with  animal  charcoal,  in  rhombic  tablets,  which  melt  at  89°,  solidify  at  G6°, 
dissolve  spariugly  in  cold,  easily  in  hot  water,  and  in  nil  proportions  in  aleohol  and 
ether.  The  aqueous  solution,  which  has  an  acid  reaction,  is  not  precipitated  even  after 
neutralisation,  by  calcium  or  barium-salts. 

Acm.  I aod  (p.  315). 

PTSOCHXfORB.  A mineral  consisting  of  niol«te  and  titaiiate  of  calcium,  cerium, 
&c.  (p.  67).  Those  varieties  which  contain  fluorine  without  water  were  called  by 
Hermann  fiuocklore,  the  others  hydrochlore. 

P'reOCXTBXC  ACZS8.  Acids  produced  by  the  destructive  distillation  of  citric 
acid,  viz.  aconitic,  citraconic,  and  itaconic  acids.  Mescoconic  or  citracartic  ncid, 
pnsiuced  by  the  action  of  boiling  dilute  nitric  acid  on  citraconic  acid,  is  also  inclndtsl 
by  Oerhardt  under  the  same  general  denomination. 

PTBOCB&OZTBi  A variety  of  brucite,  with  excess  of  manganese,  found  in  the 
I^ajsberg  iron  and  manganese  mine  in  Sweden,  where  it  forms  white  nacreoun  veins  in 
the  magnetic  iron  ore.  It  is  laminar,  as  liard  as  brucite,  effloresces  in  the  air,  assuming 
fir>t  a i)ronze,  then  a black  colour;  when  heatoil  it  iK^eomes  green,  and  afterwanls 
biaek,  w'ith  loss  of  water;  contains  76*400  MnO,  0 006  FeO,  3 140  MgO,  1*270  CaO, 
15*350  H O,  and  3*834  CO*  (IgeUtrum,  Pogg.  Ann.  exxii.  181.) 

P'reoCBASZTB.  A minoml  occurring  in  kidney-shaped  masses  in  the  Mongo 
islands  on  the  Mosquito  coast.  It  consists  mainly  of  a bydrited  tricalcic  phosphate, 
Ca*l»*0-.2IH0. 

PTBOCOK^ZjrS.  A basic  poisonous  substance  said  to  be  produced  by  Uie  dry 
distillation  of  hemlock  (Haudw.  vL  709). 

P*reoi>£XTXtXB.  (G61is,  Ann.  Ch,  Pbys.  [3]  Hi.  388.) — A product  obtained 
by  the  roasting  of  starch  (appearing  iudred  to  be  the  only  coloured  substance  thereby 
produoe«l),  of  cereal  grains,  potatoes,  maize,  or  coflfec. — Starch  is  roasted,  with  constant 
stirring,  in  an  op>en  vessel  strongly  heated  on  one  side,  fresh  portions  being  continually 
brought  in  contact  with  the  hot  part,  till  it  is  free  from  adhering  water,  swells  up 
strongly,  gives  off  pungent  vapours,  aud  sinters  together,  so  that  it  is  easily  M*parated 
from  tile  hot  bottom  of  the  vessel.  It  is  then  dissolved  in  hot  water ; the  clear  filtrate  is 
evaporated;  and  the  residue  is  dried  and  h<^atcd  by  small  portions  in  an  air-bath  to  220° 
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— 230^» to  complete  the  roasting.  The  spoogj  product  thtis  obtained  upurified,  e^penally 
from  adhering  dextrin,  by  repesUedly  dissolving  it  in  water  and  precipitating  the 
solution  with  uleohol,  us  long  us  dark  flakes  continue  to  separata — or,  in  presence  a 
large  quantity  of  dextrin,  by  precipitating  the  aqueous  solution  with  excess  of  barrta- 
wnter  containing  alajhnl,  washing  the  resulting  precipitate  with  weak  spirit,  ponring 
upon  it  a quantity  of  sulphuric  acid  sufficient  to  decompose  it,  filtering  the  liquid  to 
remove  sulphate  of  barium,  and  precipitating  the  filtrate  with  alcohoL  The  pyro- 
dextrin,  which  Si  parates  in  the  form  of  syrup,  is  dissolved  in  a small  quantity  of  water, 
the  filtrate  eva|x>rattd  over  the  water-bath,  and  the  residue  dried  at  140®. 

Pyrodextrin  is  a solid,  brown,  frinble  mass,  shining  and  tough  when  moist.  In- 
odorous and  tasteless.  When  dried  at  100®,  it  gives  by  analysis  45'7  per  cent,  carbon 
mid  6 2 hydrogen,  which  may  be  represented  by  the  empirit^  formnU  re- 

quiring 46*37  C,  5*25  H,  ami  47’68  O. 

Comhinations. — I’yrmloxtrin  when  exposed  to  the  sir  takes  up  3 at.  water,  and  after- 
wanls  dissolves  readily  in  water,  forminga  brown  adhesive  gum.  It  is  sparingly  soluble 
in  alcohol  of  22  percent. ; insoluble  in  absolute  alcohol  and  in  ether.  Aqueous  pyro- 
dextrin  is  not  coloured  purple-red  by  iodint  (like  dextrin),  but  is  decolorised  by  moist 
hydrate  of  aluminum. 

The  aqueous  solution  mixed  with  bj^ta-water  and  weak  alcohol  yields  a precipitate 
containing  C*"IP^lla’*0’M4a''0 ; and  with  acetate  of  lead  and  abstJute  alcohol,  a pre- 
cipitate containing  C“H^*Pb"0**. 

ikeompotit ions. — 1.  Pyrodextrin  remains  unaltered  at  210® — 220®,  but  decomposes 
at  a higher  temperature ; takes  fire  with  diflBculty,  and  loaves  a hanl,  coherent,  slowly- 
burning  cinder. — 2.  When  treated  with  nitric  acid,  it  yields  oxalic  acid. — 3.  By  oil  of 
vitriol  or  strong  hydr*Khloric  arid,  it  is  converted  into  a sparingly  soluble  brown 
jx>wder;  dilute  sulphuric  or  hydrochloric  acid  alters  it  but  very  slowly,  even  when 
ncttted. — 4.  It  reduces  cuprous  oxide  from  an  alkaline  solution  of  cupric  oxide,  and 
from  solutions  oi gold  and  sZ/tv'c-salts  it  reduces  the  metals. 

P*reol>MA.ZiZTB.  Syn.  with  Ptbosmxutb. 

FTRO-BltBCTRZCXTT.  Electricity  developed  by  heat  in  crystals  (ii.  411), 

PTROOAl^MXir.  An  DDcrystallisable  product,  formed  by  the  action  of  ammonia 
on  pyrogallic  acid  in  open  vessels.  Its  formation  is  probably  analogous  to  that  of  oroeTn 
from  orcin  : 

3CMI-0*  + 6NH*  O*  « 8H»0. 

P>  rofallic  Prrogalltin . 

scid. 

It  forms  brown  precipitates  with  many  metallic  salts ; but  they  decompose  during 
washing.  (Hosing,  C'ompt.  rend.  xlvi.  1139.) 

PTBOOAZiXiXC  ACXX>.  Dioxyphenie  acid,  C*H*0*. — This  acid  was  first  observed 
by  Scheele,  and  was  considered  us  sublimt'd  gallic  acid.  Berselius  and  Peloose  estab- 
lished its  composition.  It  contains  the  elements  of  gallic  acid  minus  carbonic  anhy- 
dride. 

It  is  best  prepared  by  heating  a dried  aqueous  extract  of  nut-galls  in  a pot  on  which 
is  phiced  u cap,  such  as  is  used  in  the  sublimation  of  benzoic  acid.  The  vessel  is  placed 
in  a sand-bath  and  kept  at  a temperaturb  of  180®  to  185®,  for  lOor  12  hours.  In  this 
way  about  5 per  cent,  of  acid  is  obtained.  According  to  Liebig  (Ann.  Ch,  Pharm. 
ci.  47),  gallic  acid  is  the  best  soiireo  of  pyrogallic  acid.  The  coarsely  powdered  gallic 
acid  i»  mixed  with  twice  its  weight  of  bruised  pumice,  and  placed  in  a retort  in  the 
tul’ulure  of  which  is  a tube  connected  with  a carbonic  acid  apparatus.  The  advantage  of 
this  arrangement  is  that  the  pyrogallic  acid,  which  decomposes  almost  at  the  same  tem- 
p<*rature  as  that  at  whicli  it  forms,  is  rapidly  removed  from  the  retort. 

Pyrogallic  acid  is  also  produced,  together  with  gallic  (dioxysali^lic)  acid  by  the 
action  of  hot  caustic  potash-solution  on  di-iodosalicylic  acid.  (Lautemann,  Ann.  Ch. 
Pharm.  cxx.  299  ; Jahresb,  1861,  p.  398.) 

I^Togallic  acid  crj-stallises  in  long  flattened  prisms  soluble  in  2|  pts.  water  at  12®, 
and  somewhat  less  so  in  alcohol  and  ether. 

It  melts  at  115®  and  boils  at  210®,  and  its  vapour  excites  coughing.  At  250®  it 
blackens,  gives  ofif  water,  and  leaves  an  abundant  residue  of  metag^lic  acid: 

C*H*0>  = + H»0. 

F)  r«)VAl  I Ic  Mrtx  fral  lie 

arid.  acid. 

In  the  dry  state  it  does  not  alter  in  the  air,  but  its  aqueous  solution  becomes  brown, 
and  leaves  a black  residue  on  evaporation.  This  change  is  most  rapid  in  the  presence 
of  alkalis.  When  potash  or  soda  is  added  to  a solution  of  pyrogallic  acid,  the  solution 
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becomee  rapidly  black  from  absorption  of  oxygen,  and  if  the  liquid  be  eraporuted,  a 
black  gummy  n^sidue  of  carbonate  and  acetato  la  obtained.  It  is  on  this  rapid  absorp« 
tion  of  oxygen  that  the  use  of  pyrogallic  acidineudiomotr}'  is  based.  (See  ANA.i.Tais  (»f 
Casks,  i.283.)  According  to  Boussingault,  Calvert  and  Cloez.  however (Jahresb. 
1863,  p.  389),  a small  portion  of  the  oxygen  is  converted  into  carbonic  oxide,  the 
volume  of  that  gas  amounting  to  3 — 4 per  cent  of  that  of  the  oxygen  absorbed  in  an 
atmosphere  of  pure  oxygen,  and  about  2^  per  cent,  in  air. 

Pyrogallic  acid  is  easily  oxidised  by  permanganate  of  potassium^  and  the  reaction  is 
used  by  Monier  (Corapt  rend.  xlvi.  677  ; Jahresb.  1858,  p.  629),  for  the  volunit  tric 
estimation  of  the  acid.  It  is  not  acted  upon  by  hydrochloric  acid.  With  fuming 
»uiphuric  acid  it  forms  a browm  solution  containing  a sulpho-acid  nut  yet  examined 
With  fuming  nitric  acid  it  yields  oxalic  acid  (Hosing).  It.s  aqueous  solution  is  turned 
brown  by  nitrous  acid,  even  in  ven*  small  quantity,  so  tlnit  in  fact,  pyrogallic  acid  afibrds 
us  delicate  a teat  for  nitrous  acid  as  iodised  starch-paste  (8chonbeiu,  Zcitschr.  anal. 
Chem.  i.  319). — Chlorine  turns  pyrogallic  acid  blacl^  and  gives  oflF  hydrochloric  acid. 
Iodine  does  not  appear  to  act  upon  it  below  200®.  With  anhydrous  bromine  it  forms 
the  compound  C*H*Br*0*.  It  is  not  acted  on  by  ammonia-gas  in  close  vessels,  but  if 
exposed  to  the  air  at  the  same  time,  it  is  converted  into  pyrogallem  (p.  758).  (Hosing, 
Cuinpt,  rend.  liv.  1149;  Jahresb.  1857,  p.  316.) 

When  pyrogallic  acid  is  added  to  milh  of  litne,  the  liquid  assumes  a beautiful  red 
tint,  which  rapidly  passes  to  a deep  brown.  This  reaction  is  so  delicate  as  to  serve 
for  detecting  small  quantities  of  the  acid. 

The  solution  of  & ferrous  salt  added  to  pyrogallic  acid  produces  a beautiful  indigo 
colour,  the  presence  of  the  smallest  truce  of  ferric  salt  produces  a deep  green  tint. 
With  ferric  salts  alone  a red  colour,  but  without  a precipitate,  is  obtained.  Dichromate 
of  potassium  produces  a brown  colour. 

The  salts  of  merairy,  silver,  gold  platinum  are  easily  reduced  to  the  metallic 
state  by  pyrogallic  acid. 

Pyrogallic  acid  is  extensively  used  in  photography  as  a reducing  agent,  and  also  in 
some  processes  for  colouring  the  hair  brown  or  black. 

It  is  a weak  acid.  The  addition  uf  the  smallest  quantity  of  alkali  gives  it  un  alkaline 
reaction  and  colours  it.  It  liberates  carbonic  acid  from  the  alkaline  carbonates,  but 
nut  from  the  carbonates  of  the  alkaline  earths.  According  to  Rosing,  it  does  not  de- 
compose any  carbonates. 

The  pyrogallates  are  little  known.  They  are  more  soluble  than  the  gallates,  but 
like  them,  they  have  a strong  tendency  to  b^me  coloured  in  contact  with  the  air. 
To  prevent  this  alteration  they  should  be  evaporated  in  a vacuum. 

The  potassium-salt  crystallises,  according  to  Pelouze,  in  rhomboVdul  plates.  Accord- 
ing to  Rosing,  on  the  other  hand,  pyrogallic  acid  does  not  form  definite  salts  with 
ammonia  or  with  the  fixed  alkalis. 

The  most  stable  of  the  pyrogallates  is  the  antimong-salt,  C*H*SbO*,  or  rather 
C*H*(Sb0)'0*,  which  separates  in  white  nacreous  laminie  on  mixing  a somewhat  con- 
centrated solution  of  the  acid  with  a boiling  solution  of  tartar-emetic.  It  remains 
unaltered  at  130®,  is  insoluble  in  water,  but  dissolves  easily  in  hydrochloric  acid 
(Rosing).  A lead-salt  containing  C‘*H'®Pb"0*Pb'H*0*  is  precipitated  on  dropping 
asolntion  of  neutral  lead-acetate  into  an  excess  of  pyrogallic  acid.  (8tenhoase„  Ann. 
Ch.  Pharm.  xlv.  1.) 

Pyrogallic  acid  ulso  combines  with  gelatin  and  casein.  When  heated  for  36  hours 
with  stearic  acid  to  200®,  it  forms  a crystalline  compound  which  cannot  be  separated 
from  the  excess  of  stearic  acid.  (Rosing.) 

Tribromopyrogallie  acid,  C*HT5r*0*. — Produced  by  the  action  of  anhydrous 
bromine  on  dry  pyrogallic  acid,  and  separates  from  alcoholic  solution  in  large  crystals 
containing  1 ut.  wutcr.  It  is  nearly  insoluble  in  cold  water,  decomposable  by  boiling 
water.  Tlie  solution  when  mixed  with  alkalis,  acquires  a deep  red  colour,  changing  to 
brown  on  exposurt*  to  the  air.  Ferrous  sulphate  produces,  even  in  a very  dilute  solu- 
tion of  tlie  bromine-compound,  a deep  blue  colour,  turning  black  on  prolonged  exposure 
to  the  air.  (Rosing.)  E.  A. 

PTSOOEV.  A name  applied  by  Dumas  to  pyro-acids  and  other  products  of  the 
action  of  heat  ou  organic  bodies. 

PTSOOBVXC  ACZB.  Syn.  with  Fonicic  Acn>. 

pnOOEVexe  ACXI>.  Syn.  with  Ptbodextbik. 

P’raoGXiTCXatXSr.  8yn.  with  Diglycerin  or  Diglyceric  alcohol.  (See  Gltcbbtl, 
IItobatrs  or,  ii.  894.) 
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vmoOZ.TCXBB.  8yn.  with  Diglycide.  (toe.  cit.). 

(SO)*  1 

PTSOOXiTCZ-TXZ81TX.rKTOOirB  ACXn.  (C‘H>)*VO’.— An  acid  nrudui-rd 

H»  j 

by  the  action  of  nitric  acid  on  dithioglycerin  or  tritbioglyccrin  (ii.  895).  It  i«  a 
f^ummy  deliquescent  niaas.  Its  salts,  formc<l  by  the  .•<ub8tilution  of  or  M*  for  the 
basic  hydrogen  of  the  acid,  are  insoluble  in  alcohol,  and  witli  the  exception  of  the  lead- 
salt,  deliquescent.  The  solution  of  the  free  acid  evaporated  with  dilute  nitric  acid, 
yields  glyceri-monosulphurous,  oxalic,  and  sulphuric  acids;  with  excess  of  nitric  acid, 
only  the  two  latter.  (Carius,  Ann.  Ch.  Pharm.  exxiv.  221.) 

PnoOKOMZC  nmrBltA.3«S.  Minerals  which  wlien  heated  to  a certain 
degree,  exhibit  a glow  or  incandescence,  probably  arising  from  a new  disposition  of 
tlieir  molecules.  Such  is  the  case  with  gadoUnite,  orthite,  pyrochlore,  tachnewkinite, 
umnotantalite,  euxenite,  polycrase,  malaoone  and  a certain  variety  of  spheue  (Handw. 
d.  Chem.  vi.  62):  see  also  Amukpuism  (i.  2U0). 

mOOITAZACXC  ACXD,  Syn.  with  at'AlACOL  (ii.  946). 

PTBOOTTAZACZBr.  A crystalline  substance  produced,  together  with  guaiaool, 
by  the  dry  distillation  of  guaiSretic  acid.  See  Gi'aiacum  (ii  948). 

PTROB^  Pyrofa  (or  ChimaphUa)  umMhta,  contains  according  toS.Fairbank. 
(Am.  J.  Pliann.  xxxh.  254;  Jahresb.  1860,  p.  547),  an  iroD-grfM*Ding  tannin,  starch, 
gum,  uncrystallisable  sugar,  pectic  acid,  resin,  fat,  chlorophyll,  an  acrid  rt'sinous 
substance,  a yellow  colouring  matter,  and  a yellow  crystalline  body  called  chima- 
phy  llin.  The  leaves  (?  dried)  yield  6*24  per  cent.  ash. 

On  distilling  the  plant  with  water,  chimaphyllin  coiid>‘nses  in  the  neck  of  the  retort 
(the  stalks  yield  mure  than  the  leaves).  It  crystallises  in  long  golden-yellow  oee<iies, 
tasteless,  inodoroiLs,  sublimable  without  decomposition,  insoluble  in  water,  soluble  in 
alcohol,  ether,  chlorofonn,  and  oilsWth  fixed  and  volatile.  The  alcoholic  solution  is 
not  precipitated  by  mercuric  chloride  or  tannic  acid. 

PT&OZiBXC  ACn>.  Syn.  with  Hrhacic  Aao. 

PTBOXsZCPTBQirs  ACZB*  Impure  acetic  acid  obtained  by  the  distillation  of 
wood  (i.  9). 

PTBOBZWBw  Byn.  witli  Ptrboi.. 

PTBOXZTBOrBUXO  ACTS.  C*H**0*.—An  ecid  oil  produced  by  the  dry 
distillation  of  lithofcllic  acid,  the  chief  constituent  of  some  kinds  of  oriental  beaoar 
(ii.  684).  Litbofellic  acid,  C*“H“0*,  is  extmoti*d  frrim  these  concretions  by  solution  in 
boiling  alcohol,  and  ciystallises,  after  decolorisation  with  animal  charcoal,  in  very 
small  rhombui’dal  prisms,  colourless,  hard  and  easily  pnlveri.scsl.  It  dissolves  in  29 
pts.  alcohol  at  20®,  and  in  6J  pts.  boiling  alcohol;  iu  444  pts.  cold  ether  and  47  pts. 
boiling  ether.  It  melts  at  206®,  volatilises  in  white  aromatic  vapours  when  melted  in 
all  open  ves^^el,  and  is  convertiKl  by  dry  distillation,  with  loss  of  1 at.  water,  into  pyro- 
lithofeUie  acid. 

PVROZ.ZVXX.ZC  ACZZ>.  = 2C’*U'*0*  H*0.  (Sobrero,  Ann.  Ch. 

{’harm.  liv.  206 ; Gm.  xiv.  206.) — A product  of  the  dry  distillation  of  oUvil  (p.  200). 
It  is  a colourless  oil,  heavier  than  water,  haring  the  taste  and  smell  of  eugenic  acid  ; 
boils  al>ove  200®.  It  is  very  slightly  soluble  iu  water,  but  easily  soluble  in  alcohol  and 
in  ether.  The  aqueous  solution  redde  ns  litmus.  The  oil  dissolves  chloride  of  calcium, 
and  cannot  again  !>♦'  separated  therefnjm.  If  dissolves  readily  in  caustic  potash,  but 
without  yielding  a cry  st  alii  sable  salt  (thereby  ilistinguished  from  eugenic  acid).  The 
acid  reduces  nitrate  of  silver,  ami  is  converted  by  nitric  acid  into  picric  acid  and  a 
resin. 

The  alcoholic  solution  of  the  acid  forms  with  basic  acetate  of  lead,  white  curdy  flake# 
whicli  dbws^lvo  in  alcohol  and  ore  separate<l  from  the  solution  by  evaporation  or  by 
dilution  with  water.  M^’lien  separated  by  evajxiration,  they  contain  67‘6  per  cent. 
Icml-oxide ; when  precipitated  by  water,  53*2  per  cent.,  the  former  agreeing  with  the 
formula  C‘*H*^0’.Ph''0. 

PTROBtTBZTB.  Native  peroxide  of  manganese  (iii.  811). 

p-nOBIAX.ZC  ACZ1>,  .^yn.  with  Mai.eic  Acid  (iii.  784). 

PTROMCAJtZC  ACZ1>.  An  acid  obtaimd  by  subjecting  pim.oric  acid  (p.  646) 
to  dry  distillation  : probably  identical  with  sylvic  acid  (Laurent : see  G/nc/ins 
Hnudhmik,  xvii.  326). 

PY&OMBCOBZC  ACZD.  C'lPO*.  Pyrvcotnrmc  acid. — An  acid  isomeric  with 


Digitizea  r 


PYROMECONIC  ACID.  761 

pyromucic  acid  and  citraconic  anhydride,  produced  by  the  dry  distillation  of  comenic 
or  of  meconic  acid: 

« CO*  + C*H*0‘:  and  C«H*0»  « CO*  + C‘HW 

MfK'onic  Com«Dlc  Comenic  Pjroine- 

Mctd.  acid.  acid.  conic  arid. 

It  vas  discovered  by  Sertiimer  in  1817,  but  regJirdKl  as  identical  with  meconic  acid, 
till  the  diffen  nce  was  pointed  out  bv  Robiquet  in  1833.  It  has  been  chiefly  studied 
by  Kobiquot  (Ann.  Ch.  Phys.  |2l  t.  282;  li.  236),  Stenhouse  (Phil.  Mag.  [3] 
xxiv.  128),  and  J.  F.  Brown  (Phil.  Mag.  [4]  iv.  161 ; viii.  201). 

Pyromeconic  acid  is  prepared  by  subjecting  meconic  acid  to  dry  distillation,  between 
260°  and  320^.  pressing  the  semifluid  distillate  b«'twt^en  paper,  and  purifying  it  by 
sublimation.  It  forms  large  transpan'nt  tables,  dissolves  easily  in  u^tfr  and  in  ahxthoi, 
melts  at  120°— 125°  and  sublimes  easily  even  b<*low  100°.  Its  aqueous  solution  is 
coloured  red  by  ferric  salts.  It  is  easily  oxidised  by  nitricacid  and  by  excess  of  chlor- 
ine-vHtter^  and  converted  into  oxalic  acid.  With  bromine-water  it  yields  bromo- 
pyromeeonic  acid.  It  'is  not  acted  upon  by  iodine,  but  chloride  of  iodine  converts  it 
into  iodopyromeconic  acid. 

Pyromeconates.  Pyromeconic  acid  is  monobasic.  It  is  a very  weak  acid,  dues 
not  decompos<‘  carbonates,  and  does  not  appear  to  form  definite  salts  with  the  alkalis, 
inasmuch  as  an  alkaline  solution  of  the  acid  in  potash  or  ammonia  deposits  free  pyro- 
meconic acid  when  left  to  evHporate. 

The  bartHm-salt,  C**H*Ba*0*.H"0,  and  the  calcium-salt  C’*H*Ca'0*.lPO,  separate  in 
slender  needles  when  a solution  of  the  acid  supersaturated  with  ammonia  is  mixed 
with  acetate  of  barium  or  calcium. — strontium-salt^  C'*H*»Sr"0*.H‘0,  separates  on 
mixing  alcoholic  nitrate  of  strontium  with  an  alcoholic  and  ammoniacal  solution  of  py- 
romeconic acid,  as  a white  crystidline  powder,  and  may  be  obtained  in  stellate  groups 
of  needles  by  crystallisation  from  water.  The  cupric  salt,  C'*H*Cu"0*,  is  formed  by 
l>uiling  the  aqueous  acid  with  excess  of  cupric  hydnite,  and  separates  from  the  filtrate 
on  cooling  in  long,  slender,  emerald-^en,  very  fragile  needles.  It  may  also  be  obtained 
by  mixing  ammoniacal  cupric  sulphate  with  a warm  aqueous  solution  of  pyromeconic 
acid. — The  ferric  salt,  C**H*Fe'*'0'*,  is  deposited  in  vermihon-coloored  crystals  on 
adding  ferric  chloride  to  a hot  concentrated  solution  of  ihe  acid,-^The  lead-salt, 
C‘*H*P1AP,  prepared  like  the  barium-salt,  is* a white  crystalline*  powder. — The 
magnesium  scut,  is  a white  amorphous  pr»K“ipitate,  obtainwl  on  mixing  the 

warm  aqueous  solution  of  the  acid  with  acetate  of  magnesium. — The  siloer-salt  is  ob- 
tained on  adding  nitrate  of  silver  to  the  aqueous  acid,  as  a yellow  gt*latmous  precipi- 
tate, moderately  soluble  in  water  and  in  alcohol.  ' 

No  ether  or  amide  of  pyromeconic  acid  has  yet  been  obtained. 
BromopjTomeconlc  woldv  C*H*BrO*,  is  obtained  by  adding  bromine-water  to 
the  aqueous  solution  of  pyromeconic  acid,  care  being  taken  to  avoid  an  excess  of 
bromini*,  us  that  would  pn^uce  oxalic  acid.  Bromopyromeconic  acid  separates  from 
the  solution  on  standing,  in  colourless  prisms  slightly  soluble  in  cold,  more  soluble,  with 
acid  reaction,  in  l^oiling  water,  easily  soluble  in  boiling  alcohol,  which  deposits  it  by 
blow  cooling  in  shortened  prisms.  It  is  coloured  dark  red-pnrple  by  ferric  salts, 
dissolves  without  alteration  in  sulphuric  acid,  but  is  decompo^,  with  effervescence, 
by  nitric  acid.  ^Yhen  distilled  it  gives  oflf  hydrubromic  acid,  and  if  tho  heat  be 
continued,  yields  a crystalline  sublimate. 

It  is  monobasic,  does  not  precipitate  or  rednee  nitrate  of  silver,  and  gives  no  preci- 
pitate with  barium-,  calcium-,  or  magnesium-salts,  even  in  presence  ofammonia.  Witha 
Lot  solution  of  aniiuouiacal  cupric  sulphate  it  forms  a bluish  precipitate.  The  lead- 
salt,  C'*H*Br’Pb"0*  ( -t- 11*0  according  to  Brown),  is  obtained  on  mixing  the  hot  alco- 
holic solutions  of  i>yronieconic  acid  and  acetate  of  lead,  as  a white  precipitate  com- 
posed of  small  neetlles  which  quickly  decompose.  It  is  insoluble  in  water  and  in 
alcohol. 

Zodopyromeconlc  acid,  CMl’IO*.  (J.  F.  Brown,  Phil.  Mag.  [4]  viii.  201.) 

- — Produced  by  tho  action  of  protooliloride  (or  protobromide)  of  iodine  in  aqueous  solu- 
tion on  a c«jld  saturated  solution  of  pyromeconic  acid.  It  crystallises  in  shining 
lamime.  melts  whan  hi*ated  above  100°,  forming  a black  liquid,  which  then  suddenly 
decomposi's,  giving  ofif  a large  quantity  of  iodine.  Nitric  acid  decomposes  it,  with 
separation  of  io<line.  When  tnated  with  excess  of  clUoride  of  iodine  it  yields  yellow 
hexagonal  plates  which  were  regarded  by  Brown  us  a peculiar  substance,  iodomecone, 
C*H*1*0*,  but  pr  biibly  consist  of  iodoform  (iii.  311). 

Iixlopyromecouic  acid  dissolves  sparingly  in  c»ild  water  and  alcohol,  abundantly  in 
both  liquids  at  the  boiling  heat  The  aqueous  solution  imparts  a deep  purple  colour 
to  ferric  chloride,  and  forms  with  nitrate  of  silver  a yellowish-whito  precipitate  adabb* 
in  ammonia. 
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The  alcoholic  solution  of  the  add  mixed  with  ammonia  forms  with  acetate  of 
barium  a crj’stalline  suit  having  the  composition  The  lead-^t, 

C**Ii*I’Pb*0*  obuiued  in  like  manner,  is  an  amorphous  prtdpitate. 

PTSOMSZ»ZWE.  Hydmtcil  Kuiphate  of  nickel,  occurring  in  capillary  interladnjj; 
otystaLs,  or  as  a gpernish-whitc  efflorescence,  at  Wallace  Mine,  Lake  Huron,  on  a »ul- 
pliide  of  nickel  iind  iron  ; also  as  an  earthy  pale  yellow  crust  at  the  Frericha  Mine  near 
Jlayreut.  (Dana,  ii.  Ji86.) 

FTSO»ISX.XiZTXC  ACZ1>.  C*H*0<  or  C’*H*0*?  (Erdmann,  Ann.  Ch.  Phann. 
Itxx.  *281.) — l*roduced  by  distilling  mellitic  acid  at  as  low  a temperature  as  pmwiUc. 
It  then  either  sublimes  in  white  crystals,  or  distils  over  as  an  oil  which  soUdifit-s 
in  a ciystalline  mass  on  cooling.  Carbonic  anhydride  is  given  off  at  the  same  butt, 
K^ether  w ith  a little  carl^onic  oxide,  and  a carbonaceous  residue  is  left : 

2C*H*0*  - Cm*0*  + SCO  + H*0 

or  more  probably 

SC*11H)*  » + 2CO*. 


It  may  also  be  obtained  by  distilling  a mellitate,  the  copper  or  sodium-salt  for 
example,  with  sulphuric  acid;  but  the  best  mode  of  preparing  the  pure  crystallised 
acid  is  to  decompose  the  sodium-salt,  purified  by  cryst^isation  from  ^cobol,  with  hy- 
drochloric or  nitric  acid. 

Pynmiellitic  cry'stallises  in  colourless  triclinic  prisms,  exhibiting  according  to 
Naumann,  the  combination  oP  : ooF.  oo'P  . P, . P«  . 2f  od.  Angle  oP  : obF  = 
111®;  oP  : oo'P  - 94®  15';  oo'P  : ooF  - 76®  30' ; oP  : P « 62® ; oP  : P » 71® 
4.V;  oo'P  : P,  « 73®;  ooF  : P,  - 140®  46';  ooP  : ^ - 147®  46';  oP  : iepao  = 
99®  45';  oP  : 2P  oo  — 76®  30' ; obPoo  2P®  — 166®  46'.  The  crystals  are  slightly 
soluble  in  cold  water,  very  soluble  in  boiling  water  and  in  alcoboL 

The  acid  dried  at  100® — 120®  exhibits  the  following  composition : 


Carbon  .... 
Hydrogen .... 
Oxygen  • • . • 

Erdmann. 

. 47-27— 47-8l' 

, 2-34—  2 41 

. II  II 

C«H»0« 

47-24 

2-37 

60-39 

C'»ITO* 

47-6 

1-6 

60-8 

100-00 

100-0 

Water  of  ciyatalliaation  . 

. 12-33— 12-53 

12  41 

+H*0 

12-5 

The  formula  C**H*0*  accords  best  with  the  analysis,  and  also  accounts  most  readily 
for  the  formation  of  the  acid  {vid.  8itp.). 

The  crystals  heated  to  100®  give  off  12*5  per  cent,  water;  at  a higher  temperature 
the  acid  melts  and  sublimes  with  partial  decomposition  ; the  melted  acid  if  strongly 
heated,  takes  Are  and  bums  with  a bright  smoky  flame.  The  add  dissolves  without 
decomposition  in  hydrochloric,  nitric,  and  sulphuric  adds  at  the  boiling  heat,  and  is 
precipitated  by  water  from  the  last^mentioned  solution. 

According  to  the  formula  pyromellitic  acid  is  tetrabasic,  the  formula  of  its 

normnlsalts  being  ^ 1 0*.  The  pyromellitates  of  the  alkali-metals  arecolour- 


l»ss,  crystallisable,  very  soluble  in  water,  insoluble  in  strong  alcohol,  slightly  soluble 
in  weak  spirit.  Their  solutions  precipitate  a Urge  number  of  metallic  salts,  the  pre- 
cipitates being  yery  apt  to  retain  alkali,  to  a\*oid  which  it  is  best  to  pour  the  alkaline 
pyromsllitate  into  an  excess  of  a hot  solution  of  the  metallic  salt.  Tbe^riK7a-,C(//c}uu»-, 
fead^,  and  eiiver-Mlts  are  white  crystalline  predpitates.  The  kad^tali  gave  by  analysis 


65*34  and  65*23  per  cent  lead-oxide,  the  formula  C'*H*P()*OMPO,  requiring  65*49  per 
cent. — The  silver-salt  gave  67*7  to  68  0 per  cent.  Ag’O;  the  formula  C'*H*Ag*0*  re- 
quires 68*0  per  cent. 

FTAOmUBB.  A granitoid  rock  containing  felspathic  spherules  thickly  dis- 
seminated. (Dans,  ii.  246.) 


FTXOKBT8A.  An  instrument  fur  measuring  high  temporaturea  (S<*c  Hkat, 
iii.  20.) 

FTBOKOBXlirrAWZC  ACZ9.  Syn.  with  Oxtphexic  Acm  (p.  315). 
P*reOMOBPHZTB.  Native  Phosphato-chloridc  of  lead.  (See  PuosrHATxs,  p. 
567.) 

BTBOMUOAKXBB.  Sec  Ptbomvcxc  Acu>,  Ajudbs  of  (p.  764). 


Digitized  by  Google 


PYROMUCIC  ACID. 


763 


PTSOKtrClC  ACH..  C*H*0«  - ™’|o,  or 

P^ro^hlthmiiurt,  Brcnzschlcinusdnre. — This  acid,  metameric  with  pyromeconic  acid 
aud  citraconic  anhydride,  was  discoveredhy  Scheele  in  1780,  but  r»*garded  at  that  time 
as  succinic  acid.  It  was  first  recognisetl  as  a distinct  acid  by  Ilouton-Labillur- 
di^rt?  (Ann.  Ch.  Phys.  [2]  ix.  365),  and  has  been  further oxamiuetl  by  Pelonze  (Ann. 
Ch.  PImrm.  ix.  273);  Boussingault  (i^.  xv.  184);  Li^s-Bodart  {ihid.c,  327); 
Schwanert  (f5fV.  cxiv.  63;  cxvi.  267);  and  bySchmelz  and  BeiUtein  {ibid. 
Suppl.  iii.  275). 

li  is  produced  by  the  dry  distillation  of  mucic  acid : 

C*H'W  =-  C»H'0>  + CO*  + 3H*0; 

aud  by  the  oxidation  of  furfurol,  C*H*0*.  which  is  its  aldehyde. 

Its  relations  to  furfurol  and  to  bases  are  sufficiently  represented  by  the  first  rational 
formula  above  given ; but  its  relations  to  carbopyrolamide  and  carbopyrrolic  acid 
(p.  764),  are  better  expressed  by  the  second  or  thirL 

Prfparatwn. — 1.  Mucic  acid  is  subjected  to  dry  distillation;  the  distillate  is  mixed 
with  water,  filtered,  and  evaporated  to  the  crystallising  point;  and  the  product  is  purified 
by  recrystallisatiun,  distillation  or  sublimation. — 2.  Furfurol  is  boil^  with  water  and 
recently  precipitated  silver-oxide  ; the  silver  is  precipitated  from  the  filtrate  by  hydro- 
chloric acid ; the  liquid  again  filtered  and  evapurated  to  the  crystallising  point ; and  the 
aciJ,  which  usually  has  a green  colour,  is  purified  by  recrystallisation  from  dilute 
alcohol  (iSchwanert). — 3.  An  alcoholic  solution  of  furfurol  mixed  with  a solution  of 
potash  in  absolute  alcohol,  solidifies  to  a crystalline  mass  of  potassic  pyromucate,  from 
which  the  acid  may  be  obtained  by  distillation  with  hydrochloric  acid  (Ulrich, 
Zeitschr.  Ch.  Pharm.  1861,  p.  186).  Part  of  the  pyromucic  acid  is  convert^  at  the 
same  time  into  pyromucic  alcohol.  (Schmelz  and  Beilstein,  p.  765.) 

IVopcr/i/  s.— Pyromucic  acid  forms  white  needles  or  laminte  which  melt  at  130°,  and 
sublime  easily  even  below  100°.  it  dissolves  in  28  pts.  of  cold,  and  4 pts.  of  boiling 
water,  and  is  easily  soluble  in  alcohol. 

Decomposition*.— Pyromucic  acid  is  not  attacked  by  nitric  acid. — 2.  By  sulphuric 
anhydride  it  is  convert^Kl  into  sulphopyromucic  acid,  C*H^80*. — 8.  pentacnloride 

of  phosphorus  it  yields  chloride  of  pyromucyl,  C*H*0*C1.— 4.  By  bromine^  in  presence 
of  water,  it  is  converted  first  into  a heavy  oil  (probably  C*H*0*),  which  appears  to  have 
lieen  previously  noticed  by  Cahours  (Gm.  Handh.  z.  384),  and  ultimately  into 
mucobromicapid,  C*H*Br*0* : 

C'H'O*  + Br*  + 2H»0  - C*H*Br*0*  + CO*  + 6HBr. 

With  chlorine  in  like  manner  it  yields  mucochloric  acid,  C*H*C1*0*.  (Schmelz 
aud  Beilstein.) 

Pyromucates.  Pyromucic  acid  is  monobasic.  It  dissolves  zinc  and  iron  with 
evolution  of  hydre^en. 

The  pyromucates  of  the  olkali-metals  are  easily  soluble  in  water  and  alcohol,  and 
difficult  to  ciyHlallise.  The  potossium-salt^  C*H*KO*,  separates  after  a while  from  its 
alcoholic  solution  mixed  with  ether,  in  brilliant  scales  and  needles  permanent  in  the 
air.  The  sodium-salty  C‘H*NaOS  resembles  the  potassium-salt  and  may  be  crystallised 
in  like  manner.  (Schmelz  and  Beilstein.) 

The  barium-salt,  C**H*Ba"0*,  forms  small  crystals  soluble  in  water  and  in  alcohol 
(Schwanert).  The  calcium-salt,  C‘*H*Ca"0*,  is  obtained,  by  neutralising  the  aqueous 
acid  with  marble  and  evaporating,  in  small  crystals,  easily  soluble  in  water  and  in 
alcohol.  When  prei>ared  like  the  potassium -salt,  it  forms  a snow-white  crystallino 
powder.  (Schmelz  and  Beilstein.) 

The  cupric  salt,  obtained  by  neutralisation,  forms  small  green  crystals, 
C’*lI‘Cu"0*.Cll*0,  more  soluble  in  hot  than  in  cold  water. 

The  had-salty  C'*H*Pb‘'0^.2U*0,  separates  from  a concentrated  aqueous  solution  on 
cooling  in  beautiful  white  bard  crystals,  sparingly  soluble  in  cold,  more  soluble  in  hot 
water.  (Schmelz  and  Beilstein.) 

The  silver-salt,  C*H*AgO*,  forms  white  crystalline  scales,  but  is  partly  docompos«>d 
during  the  evaporation  of  its  aqueous  solution. 

Appendix  to  Pyromucic  Add. 

1.  Mncobromlo  aoid,  C^H*Br*0*.— To  prejxare  this  acid,  bromine  is  slowly  added 
to  pyromucic  acid  covered  with  a little  water  in  a cooled  vessel  till  it  no  longer  dis- 
Bpi>cars ; and  the  product  is  digested  with  excess  of  bromine  over  the  water-bath,  till 
the  heavy  oil  produced  in  the  first  stage  of  the  reaction  (p.  vid.  sup.)  is  wholly  converted 
into  mucobroniic  acid.  The  solution  concentruted  at  the  heat  of  toe  water-bath  yields 
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mucobruniic  aci<l  in  tufts  of  white  iiucreous  crystalline  lamirue,  much  more  soluble  io 
liot  than  in  eoM  water,  easily  soluble  in  alcoliol,  melting  at  120®,  and  subliming  with 
partial  deooni{NM»itiun. 

Mucobromic  aei<l  re<ldens  litmus  paper  and  decomposes  carbonates,  but  its  salts  are 
very  unstable.  A solution  of  the  aci<l  in  absolute  alcohol  digested  for  some  time  with 
hydrochloric  acid,  yields  on  addition  of  water,  oily  drops  probably  consisting  of  ethylic 
mucobronmte. 

When  mucobromic  acid  is  boiled  with  excess  of  baryta-water  in  a close  rtwsel,  car- 
bonate of  Imrium  is  precipitated,  gaseous  bromacetylene  is  given  od*,  and  a solution  is 
formed  containing  bromide  and  mucouate  of  barium.  The  n^action  is, 

2C«H»Br»0*  -e  IVO  = C‘HW  + CUlBr  + 2CO*  + 3llBr. 

Muci>broinic  Muconic  firnm- 

arid.  Acid.  acftjlene. 

Boiled  with  oxide  of  silver,  it  yields  a silver-salt  haring  the  composition  C’H*Br*Ag*0*, 
the  reaction  probably  taking  place  ns  shown  by  the  equation, 

2C*IPBr*0>  -f  2Ag='0  - CUl=Br"Ag*0»  + AgBr  + 11=0  + CO*. 

This  rilver-.“aU  dt'composcd  by  sulphuretted  hydrogen  yields  a crystallised  acid, 
C^H*Br*0*,  which,  when  boiled  with  baryta,  is  resolved  into  muconic  acid,  bromacety- 
lene, hydrobromic  acid  and  carbonic  anhydride: 

C=II*Br’0»  - C«n=0»  ■¥  C*nBr  + 2BBr  -t-  CO* 

The  ultimate  products  are  tlierefore  the  same  as  when  mucobromic  acid  itself  is  treated 
with  baryta-water.  (Schmelzand  Beilstein.) 

2.  Mucocblorlo  aoidi  C*H=C1=0*,  is  prepariHl  by  passing  chlorine  gas  into  a 
warm  a4ueou«  solution  of  pyromucic  acid,  and  concentrating  the  liquid,  first  over  the 
wator-bath,  then  over  oil  of  vitriol  and  lime.  It  forms  small,  shining,  limpid  crystals, 
easily  soluble  in  vmter  and  alcohol,  and  melting  at  125®.  (Schmelz  and 
Beilstein.) 

3.  Muoonio  ttddi*  C*n*0*.~ \Mien  the  liquid  obtained  as  alKjve  by  the  action  of 
barvta-water  on  mucobromic  acid  is  freed  from  excess  of  Imryta  by  means  of  carbonic 
acid,  and  the  filtrate  is  evaporated,  mticvnafe  6ariw;/i  isdejxwjited  inciy  stalline  cru^ta 
which  may  be  purified  by  washing  with  cold  and  recrj'stallisation  from  hot  water,  or 
better  by  precipitation  with  alcohol.  It  then  forms  white  fiakes,  consisting  of 
2C*Ba''0*.iI=0.  lU  aqueous  solution  mixtKl  with  neutral  acetate  of  lead,  yields  a white 
precipitate  of  muconate  of  Itad,  which  dissolves  in  boiling  water,  and  w'parates  in  small 
crystals  on  cooling.  By  decomposing  this  lead-salt  with  siilpliuretted  hydre^n,  aoU 
evaporating  the  filtrate,  muconic  acid  may  be  obtaineil  in  crystals.  This  acid,  so  far 
as  its  ernpiriL'nl  fummla  is  concerned,  is  homologous  with  pyromucic  acid.  (Sch  melz 
and  Beilstein.) 

r-nOKUClC  ACX»,  ABCIDCSOF.  l.  Pyromucamide,  C*H*NO* 

Jn  or  |q  or  (C*1I'0)''|-^  . — Produced  by  the  action  of  ammouiuon 

pyromucic  chloride  (Li^s-Bodart),  or  by  heating  ethylic  pyromuente  with  strong 
aqueous  ammonia  fur  some  time  to  120°  (Schwanert).  It  is  cr>'stallisable,  melts  at 
about  130°,  and  sublimes  easily  without  decomposition.  It  is  soluble  in  water  and  iu 
alcuhoh 

)N  . 

2.  Carbopyrrolic  acid,  (C*H*0)*  . — This  compound,  motamerie  with  pyromuca- 

H J ^ 

mide,  and  related  to  it  in  the  same  nmnnner  as  alanine  (lactamie  acid)  to  lactamide 
(lit  463).  or  glycocine  (glycollaniic  acid)  to  glycollamide  (ii.  902,  908).  is  obtained  as  a 
barium-salt  by  boiling  carl»opyrrolamide  with  excess  of  baryta  as  long  as  ammonia 
continues  to  escape,  removing  ilie  excess  of  baryta  by  carl>onic  acid,  and  evaporating  ; 
carl>opyrollate  of  barium  then  separates  on  cooling  in  large  crystalline  laminae,  and  t ho 
aqueous  solution  of  this  salt  de(*ompoHed  by  strong  hydrochloric  acid  dcfKJsits  corbo- 
pyrrolic  acid  in  small  white  pri.sms.  It  sublimes  ut  about  190®  and  d«*<‘omj.H>ses  at  a 
•figlitly  higher  temperature  into  carbonic  anhydride  and  pyrrol : C*H^NO*  ™ CO* 
C^IPN.  It  is  quickly  decomposed  by  acids,  yielding,  instead  of  pyrrol,  the  products  of 
decomposition  of  that  substance,  namely  ammonia  and  pyrroI-ri‘d. 


* Thit  mune  alto  applied  to  an  acid  haTtng  the  cooipoeitlon  produced  br  the  action  of 

natcem  hydroaen  on  the  acid  which  latter  retuUt  from  the  acthm  of  penlachlorido  of 

phoepburus  on  mucicacid.  <Budr,  Ann.Cb.  Phann.  czzxii.  9d.)  bee  Areksoix. 
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Carlx>pvrrol<iU  of  harium,  forms  larRO  white  lamintp,  soluble  in  water 

and  in  alcohol.— The  Uod-mlt,  C'‘H*Ph"N  O',  ohtaimal  by  decomposing  the  hanmn- 
aall  with  excess  of  lead-hydrate,  is  very  soluble  in  water,  and  remains  in  nacreous 

crystalline  scales  « hen  the  solution  is  cvaiKiruted. 

3.  Dipyromucamidt  or  Carbupyrrolamidr,  C‘H‘N'0  - (C*H’0)">N’ 


H’  ■) 

=■  (CMI'O)" In’. — This  compound  was  first  obtained  by  llalagnti  (Ann.  Ch. 

IP  ) 

Pharin.  c.  327).  by  the  di.stillation  of  mucate  of  ammonium  (or  mucamide),  and  has  since 
been  more  fully  examined  by  .Schwanert  (ibid.  cxvi.  270).  Its  formation  from 
mucate  of  ammonium  is  represented  by  the  equation: 

C’H‘(XH‘)'0'  = C*U‘N'0  -t  CO’  + 5H-0. 

Part  of  the  product  is,  however,  resolved  into  ammonia  and  pyrrol  (p.  783).  To 
prepare  it,  mucate  of  ammonium  is  subjected  to  dry  distillation ; the  oily  layer  of 
pyriMl  which  floats  on  the  watery  distillate  is  removed;  the  solution,  containing 
dipyromucamide  and  carlionate  of  ammonium,  is  evaixirati'd  over  the  watci-bath  ; and 
the  dipyromucamide  is  cxtracte.1  from  the  crystalline  residue  by  alcohol,  and  purified 
by  reeiystallisation  from  the  same  liquid,  with  addition  of  animal  charcoal. 

'^Dipyromucamide  forms  white,  shining  laminic,  easily  soluble  in  alcohol  and  ether, 
less  ikiluble  in  water.  At  173°  it  melts  to  a liquid  which  solidifies  to  a crystalline 
mass  at  133°.  When  Ixiiled  in  aqueous  solution  with  excess  of  baryta,  it  is  resolved 
into  ammonia  and  carbopyrrolic  acid  : 

C'H'N’O  + Il’O  ^ NH’  + CPH’NO’. 

PTKOMWexe  AlbCOBOXi.  A compound  related  to  pyromneic  acid  in  the  same 
manner  ns  bcnzylic  alcohol,  C'lPO,  to  benzoic  acid,  C’H‘0',  and  produced  (together 
with  pvromucic  acid)  by  the  action  of  alcoholic  potash  on  furfiirol,  just  as  benzylic 
aleohoi  is  produceil  froiii  bitter  almond  oil.  It  is,  however,  more  oa.sily  produced  by 
the  action  of  sodiuni-aiiialgam  on  furfurol.  It  is  a brown-red  oily  liquid,  nearly  in- 
soluble ill  water,  very  easily  soluble  in  alcohol  and  ether,  di-compiisetl  by  distillation, 
converted  by  alkalis  into  pyromucic  acid.  (Schinelz  and  Beilstcin,  -Ann.  Ch. 
Pharm.  Suppl.  iii.  27S.) 

p-^ORTUCIC  CHliOKIl>B.  C'H’O’CL — Produced  by  distilling  pj-romncic  acid 
with  pentachloride  of  plaejihorus.  It  is  a liquid  which  boils  at  170°,  is  converted  by 
water  into  pyromucic  acid,  and  by  ammonia  into  pyroniucamide.  (Lies-Bodart.) 

mOMirOXC  ETBEKB.  Kthylic  Pyromucatr,  C*1I’(C’H‘)0’,  is  obtained 
by  distilling  pyromucic  acid  with  alcohol  and  hydrochloric  acid  (.Malaguti).  It 
forms  a laniino-crystalliuo  mass,  melting  at  34°,  boiling  between  208°  and  210°,  easily 
soluble  in  alcohol  and  ether,  insoluble  in  water.  With  umnmnia  it  forms  pyromu- 

camide.  , , . , . . , 

2.  When  this  ether  is  subjected  to  the  action  of  dry  chlorine  gas.  it  takes  np  4 at. 
chlorine,  without  evolution  of  hydrochloric  acid,  and  forms  chloropyromucic 
ether,  C»II’CPlC’H*)0',  a fragrant  synipy  liquid,  easily  soluble  in  alcohol  and  ether, 
insoluble  in  water,  and  di-composing  when  heated,  with  abundant  evolution  of  hyiW 
chloric  acid.  With  the  fixed  alkalis  or  ammonia  it  yields  alcohol  and  a metallic 
chloride.  iMalaguti.)  The  acid  corresponding  to  this  chlorinated  ether  has  not 
yet  been  obtained. 

PTSOPB.  Bohemian  garnet  containing  chromium  (ii.  772).  Moberg  supposes 
the  chromium  to  be  in  the  state  of  ehromoas  oxide,  and  gives,  as  the  result  of  analysis, 
41-30  p<  r cent.  SiO’,  22'3.5  APO*,  9 94  FeO,  4 17  CrO,  Id  OO  MgO,  and  0-29  CaO. 

pipjlOPlICTXO  ikCXI>.  A blaek  sidietancc  produced  by  the  action  of  heat  on 
poetic,  parapectic,  or  metapectic  acid  (p.  369). 

PYBOPHOBtrS  (from  and  4>fpeis).—  This  term,  in  its  widest  sense,  denotes 
any  substance  capable  of  taking  fire  spontaneously,  or  on  very  slight  elevation  of  tera- 
peratnnq  as  is  the  ca.se  with  phosphorus,  phosphoretted  hydrogen,  cacodyl,  &c.;  but  it 
is  more  Mnimonly  n-stricted  to  finely  divided  soliil  laxiies  which  exhibit  this  property, 
such  as  metallic  iron  re<luce<l  from  the  oxide  by  ignition  in  hydrogen.  Tlie  spon- 
taneous inflammability  of  such  bisiies  is  due,  partly  to  their  powerful  attraction  for 
oxygen,  partly  to  their  pulverulent  state,  which  enables  them  to  condense  the  air 
rapidly  within  their  pores,  thereby  causing  a considerable  rise  of  temperature,  while 
at  the  same  time  they  present  a large  surface  to  the  action  of  the  oxygen.  When  a 
solid  mass  of  iron  is  exposed  to  the  air,  the  heat  developed  by  the  oxidation  of  the 


Digitized  by  Coogle 


766 


PYKOPHOSPHAMIC  ACIDS. 


Buporflctal  paHiolos  u At  once  conducted  uwny  throiiglioat  the  entm'  Tnase,  so  that  the 
temperature  cannot  rise  sufficiently  for  the  oxidation  to  go  on  ; but  when  the  tnetxl  i» 
ri^luced  to  a heap  of  very  fine  particles,  laq^  numl>cr8  of  these  come  into  contact  with 
the  air  at  the  same  instant,  and  the  heat  developed  by  their  oxidation  is  notcondocied 
away  to  others  which  take  no  part  in  the  action  (see  Combistiox,  i.  1095). 

The  pyrophoric  character  is  exhibited  by  all  the  more  ea.«»ily  oxidable  metals,  which 
are  reduced  by  hydrogen  at  temperulures  b<*low  that  at  wliich  their  particles  fuse  or 
weld  Noether,  t.g.  iron,  nickel,  cobalt,  and  manganese ; als<3  by  the  mixtures  of  finely 
thvided  metal  and  carlKin  obtaimil  by  igniting  the  tartrates,  citrHti*«,  oxalates,  and 
other  oi^nic  salts  of  lead,  iron,  and  some  other  metals.  Tartrate  or  citrate  of  leah 
when  ignitwl  in  a glass  tube  as  long  as  gaseous  matter  is  evolved,  an«l  then  left  to 
oo(»l,  takes  fire  instantly  on  being  thrown  out  into  the  air.  The  sulphides  of  pr»ta»«mro, 
sodium,  and  lithium,  obtained  by  igniting  the  corrt'sponding  sulphates  with  lamp* 
black,  and  the  alum-pyrophorus  or  Hombei^’s  pyrophorus,  produced  by  hi-ating  alum 
w ilh  lamp-black,  starch,  or  flour,  bkewiso  exhibit  spontaneous  inflammability.  (Haudw. 
d.  Chem.  vi.  718.) 

VTSOrKOWHABCZO  ACXB8.  Gladstone  in  1849  (Chem.  Soc.  Qu.  J.iil 
135),  by  subjecting  chloronitride  of  phosphorus  (p.  617)  to  the  actioa  of  alkalis, 
obtaine<l  two  tribasic  a<‘ids.  to  which  he  assigned  the  forraulse  P*NII*0^  and  P*N*H*0', 
the  first,  called  arophosphoric  and.  consisting  of  phosphoric  acid  + PN,  and  the 
second  called  deuiazopho^phoric  (U-id.  or  phosphoric  acid  + 2l'N.  Lau  rent,  howevi*r 
(Compt.  Chim.  1850,  p.  387),  suggeattni  that  these  acids  were  amic  acids  derived  fr'm 
pyrophosphoric  acid,  the  first  being  pyrophosphamic  acid,  P-NIPO*,  and  the  second 
pifrophottphnliamic  acid,  P*N’H*0*;  and  these  formulae  have  been  confirmed  by  the 
more  reemt  analyses  of  Gladstone  and  Holmes  (Chem.  Soc.  J.  xvii.  225).  Lastly. 
Gladstone  {Udd.  xix.  1)  has  completed  the  series  by  the  discovery  of  pyrvphofp^’' 
irUunic  acid,  P^N'IPOy  The  relations  of  these  acids  to  pyrophosphoric  acid  may  be 
exliibited  as  follow's: 


Pyrophosphoric  acid 

. 

P»U<0'  - 

Pyrophosphamic  acid 

P*NH»0* 

H* 

P’(xii’)H’o*  = 

H*  > 

Pyrophosphodiamic  acid  . 

. I«N*H*0* 

H* 

- P'{NH’)’HK)»  = (P*0')"!-  , 

H’  ) 

Pyrophosphotriamic  acid  . 

. P'N'II’O* 

11*  )v 

- r’(Nin)>no*  = 

H ) 

or 

If 

rather  P*(NII)»H‘0'  = (P"0»)"y;, 

H*  i 

Pyrophosphamic  acid  is  tribasic,  and  pyrophosphodiamic  acid  is  dibasic,  as  indicated  j 
by  their  fomiulie  ; hut  pyrophosphotriamic  acid,  which  from  analogymight  be  expected  I 

to  be  monobasic,  is  in  reality  tetrabasic,  being  capable  of  yielding  di-,  tri-,  and  tetra-  1 

metallic  as  well  as  monometallic  salts : hence  it  is  best  represented  by  the  formul®  J 

in  the  last  line  of  the  preceding  table.  j 

1.  Pjrroplioaphamlc  aoid» — P*NH*0*. — This  acid  is  produced  from  pyropbospbo*  ' 
diamic  acid  by  simply  heating  its  aqueous  solution  : 1 

P^^’H‘0*  + H*0  - P»NH‘0*  + NH>; 
but  the  decomposition  is  ant  to  go  too  far,  yielding  ulHmatoly  nothing  but  phosphate 
of  ammonium.  The  metallic  pyrophosphamates.  however,  are  more  stable,  and  those 
which  are  insoluble  in  dilute  acids,  the  fr‘rric  or  cupric  salt  for  example,  are  easily 
prepared  by  heating  an  alkaline  pyrophosphodiamato  with  an  acid  solution  of  the 
metal ; 

+ MCI  + H*0  - P“NH*M»0«  + NH‘C1. 

Pjrrophnipho-  Pyrophctphainate. 

Hiamitte. 

Hy  dccompo.Hing  the  silver-salt  with  hydrochloric  acid  and  evaporating  the  filtrate, 
pyrophosphamic  acid  is  obtained  as  u s»*raisolid,  non-crystalline  mass,  having  an  acid 
rraelion.  deliquescing  in  moist  air,  soluble  in  alcohol,  and  capable  of  bearing  a strong 
heat  without  decomposition. 

Pgrrmho/pfia male  of  Ammonium  is  obtaiiie<l  as  a gummy  mass  by  dccomp^>sing  the 
lead-salt  with  somewhat  less  than  an  equivalent  quantify  of  amrnonta,  and  evaj»or.iliiig 
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thf>  filtrate  in  racno  over  oil  of  ritriol.  Tlio  f>t}taMium-»(dt^  obtained  in  like  manner 
by  decompueiug  the  ferric  salt  with  puta«>h,  ia  alao  a gtimmy  mu89. 

Barium^saH,  P^N*H*Ha*0'*.— To  prepare  this  salt,  an  alcoholic  solution  of  chloro- 
nitride  of  pliosphonis  is  d«‘ConipoHe<l  by  |x)tash  or  ammonia  ; the  liquid  is  emporuted 
to  dryness  ; the  residue  dissolved  in  water  ; and  the  resulting  solution  of  pyrophospho- 
dinmate  of  potassium  or  ammonium  is  boiled  with  excess  of  barium-ehloride.  Tho 
pyrophosphamate  of  barium  is  then  precipitated  as  a white  granular  |>owder,  easily 
soluble  in  nitric  or  hydrochloric  acid,  insoluble  in  acetic  acid. 

The  cupricrmlt.  P*N*H^Cu*0'*.2H*0  (at  lOO'*),  prepared  in  like  manner  by  boiling 
the  slightly  acidulated  solution  of  an  alkaline  pyropnospho«lmmate  with  cupric  sulphate, 
is  a blue  flocculent  precipitate, — The  ferric  mlt,  P^NHU'e^O*  prepared  in  like  manner, 
is  a white  flocculent  precipitate,  which  aflTords  a very  chamcterislic  reaction  for  pyro- 
phosphamic  acid. — The  s//rcr-sn//,  P’NH*Ag*0*,  is  a white  precipitate. — The  zinc- 

tall,  is  a white  granular  powder. 

2.  PjTOpbospbodlAiBlo  aeid*  P*N*H*0*. — This, acid  is  produced:  1.  Py  the 
action  of  water,  or  better  of  alkalis,  on  chloronitride  of  phosphorus  in  alcoholic  so- 
lution. (Gladstone.) 

2PN*a*  T 16H*0  « 3P»N»H*(P  + 12nCI. 

2.  By  the  action  of  ammonia-gas  on  phosphoric  anhydride  :* 

P*0*  + 2NH*  --  p^*n»o». 

3.  By  passing  drj*  ammonia-gas  over  phosphoric  oxychloride,  till  it  is  converted  into  a 
white  solid  substance,  taking  care  tlint  the  temperature  does  not  rise  too  liigh,  and 
treating  this  product  with  water,  which  dissolves  it  completely,  the  solution  containing 
hydrochloric  and  pyrophosphodiamic  acids,  partly  as  ammonium-s^ilts : 

2(PC1>0  + NH>)  + 3H*0  =.  + 6HC1. 

The  solution,  when  exactly  neutralised  with  ammonia, yields  precipitates  of  pyroplios- 
phodiamateg  with  several  metallic  salts. 

The  last  two  methods  may  be  modified  by  using  the  very  strongest  solution  of 
ammonia  instead  of  the  gas.  There  are  also  other  methods  of  prvxlucing  this  acid. 

4.  By  throwing  pieces  of  penlachloride  of  phosphonis  into  the  strongest  aqueous  am- 
monia, when  some  pyrophosphotriamate  of  ammonium  is  at  the  same  time  formed ; but 
the  main  result  accords  with  the  following  equation  : — 

2PC1*  12NH>  5H»0  « + lONH'Cl. 

6.  By  exposing  phosphoric  oxychloride  to  ammonia-gns  at  lOo®,  when  4 at.  of  the 
latter  are  absorbed  (instead  of  2 at.,  as  described  under  the  third  method),  and  sub- 
mitting the  product  to  the  action  of  water — 

PCPO  + 4NH*  - PN»H<C10  + 2XIPC1. 

2PN>H*CIO  + 3U*0  « 2NIPCL 

6.  By  performing  asimilar  experiment  at  a much  higher  temperature,  the  same  amount 
of  ammonia  yields  diffiTent  products,  one  of  which  is  insoluble  in  water,  but  when 
heated  with  sulphuric  acid,  dissolves,  with  the  formation  of  pyrophosphodiuraie  acid. — 

7.  The  same  compound  is  formed  when  pyrophospholriamic  acid  is  heated  in  a similar 
manner  with  sulphuric  acid^ 

-I-  H*SO*  + H*0  e P»N*n«0^  + (NH*)HSO*. 

Or,  8.  When  the  same  acid  is  heated  alone  until  it  begins  to  suffl  r decomposition.— 
9.  Gorhardt’s  phosphamide,  heated  with  sulphuric  acid,  also  yields  pyrophosphodiamic 
acid,  thus — 

2PN*H»0  + H*SO*  + 3H*0  - + (NH*)»SO*. 

The  general  formula  of  the  p^rrophosphodiamates  is  P*N*H*M*0*,  the  acid 
being  dibasic.  It  is  somewhat  difficult  to  obtain  these  salts  pure,  on  account  of  the 
facility  with  which  they  are  converted  into  pyrophosphamates. 

Tho  ftannm-Mff,  P*N*H*Ba"0*,  is  a gelatinous  pr**cipitate  which  dries  up  to  a white 
earlhv  po^er. — The  silvcr-sa/t  has  the  composition  P^N*H*AgK)\ — The 
F*N*H*Zn’0*,  is  a gt.-latinous  precipitate  easily  soluble  in  acids,  and  to  some  extent  in 
ammoniacal  salts ; when  dry  it  forms  a white  powder. 

* ach  i ff  ( Ann.  Ch.  Phartn.  ctii.  ICi), «ttppo*e*  (tint  the  protiuct  of  thit  reaction  \* pMospkatmc acitt^ 
but  Gladstone  hai  thnarn  that  It  U chlertjr  pjrrophocphodl<tmic  acid,  mlxH  however  with 

metaphoephoric,  and  probablj  with  other  acid* . < Cbnn.  Soc.  J . avil.  TJS. ) 
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Pyropboaphotrlamlo  aclil.P’N'H'O*  — P'(NH’)*HO* 


P(NH)*1I<0'  - (P’0' 


In* 


H* 

(P*0>/» 

H 


tyt  nth«r 


ThU  acid  is  likewise  formed  by  the  auccessive  acuuo 


of  atnmouia  and  water  on  phosphoric  oxychloride ; ^ 

2(PC1*0  + 4NH»)  + 2HK)  - P^N»H’0*  + 6HC1  + 6NH>. 


When  dry  ammonia  gas  is  slowly  pas»«d  into  a flask  containing  phosphoric  oxy- 
chloride cooled  by  immersion  in  water,  1 at.  of  the  oxychloride  takes  np  2 at.  ammoaia 
and  is  gradually  converttd,  as  alxire-meiitioned,  into  a white  solid  mass.  If  the  fia.d 
be  then  immersed  in  water  at  lOC^,  and  the  solid  muss  broken  up  from  lime  to  time, 
2 at.  more  of  ammonia  are  taken  up,  an<i  on  adding  water  to  the  white  substance  tho« 

f>ro<luced,  pyrophosphotriamic  acid  is  formed,  together  with  pyropliospho»lijtmic  and 
tydriKdiloric  acids,  the  two  latter  dissolrinp,  while  the  former  remains  behiml.  and 
may  l)e  purifie«l  by  washing,  first  with  cold  water,  then  with  a little  dilute  alcohol 
Pyrophosphotriamic  acid  thus  obtained  is  a white,  amorphous,  tasteless  powder,  which 
reddens  litmus  wlien  moistened.  It  is  nearly  insoluble  in  water,  but  is  very  slowly 
attacked  by  it  at  ordinary  temperatures,  more  quickly  when  heated,  yielding  pyro* 
phosphodiamic  acid: 


P*N»H'0*  + H»0  » P’KHTO*  + Kir. 


When  boiled  with  hydrochloric  acid,  it  is  sp«‘edily  resolved  into  phosphoric  acid  and 
ammonia,  pyrophosphodiamic  acid  being  an  intermediate  pn»duct. 

Pyrophosphotriamatcs, — The  acid,  as  already  observed,  is  t/'trabaric,  the 

] X* 

general  formula  of  its  normal  salts  being  most  probably  l’’(KlI)*irO*  or  * 

3P  ) 

The  acid  effervesces  with  solutions  of  alkaline  cnrlxinates,  and  when  sus*peDded  in 
solutions  of  metallic  salts,  usually  <lcccmposes  them,  even  in  presence  of  the  lil crated 
acid.  All  the  pyrophosphotriamutea,  even  those  of  the  alkali-meUtls,  are  insoluble  ot 
sparingly  soluble  in  water. 

The  ammonium^»alt^  P*K*H*(NU*)0*,  formed  by  diK^omposing  carl»onateof  R|n- 
monium  with  the  acid,  cakes  tc^ether  in  small  white  lumps,  and  readily  gives  up  it* 
ammonia  to  dilute  acids  even  in  the  cold. 

7itirium^tal(4i.  The  mMioharyfir  saif^  P*K*H  *Ua*’0*,  is  prep.ir*‘d  by  diflusing  the 
acid  through  a solution  of  barium-chloride,  aud  carefully  neutralising  iho  h'bcratcd 


acid  with  ammonia.  The  dihaiylic  soft,  P*K*H'®Jia-0*  or  P*N*H*Ba''0*,  by  suspending 
the  acid  in  excess  of  an  ammoniaeal  solution  of  barium-chloride. 

A white  cadwium-iKi/t  is  obtained  by  treating  the  acnl  with  chloride  of  cn<lmium:  a 
green  chromitn/t’SaU,  with  cliromic  acetate.  The  adpalt-itnltf  T**K*H*Co"0*,  pro»lueevl 
by  digesting  the  acid  with  a slightly  ammoniaeal  solution  of  colvilt-nitrate,  hits  s 
b<*Rutiful  violet  colour:  it  is  not  decomposed  by  hydrocldoric  acid,  and  but  slowly  by 
dilute  sulphuric  acid. 

Cojtper^Bolts.  The  monocupric  so/t,  P'K*H’*Cu“0*,  is  obtained  as  a pale  blue 
compound  (not  quite  pure)  by  treating  the  acid  with  a slightly  acidulated  solution  of 


cupric  nitnite.  The  rficf/y>ric  P^N*H'®Cu’0“,  obtained  by  digesting  the  acid  with 
cupric  acetate,  is  greeuish, 

Iror.^salt,  A vionofrrrouB  salt,  P*N*H*’Fe"0*,  produced  by  digesting  the  acid  writh 
fi  TTous  sulphate,  has  a yellow-drab  colour,  and  is  insoluble  in  dilute  acids.  No  ferric 
pyrophosphotriumate  has  yet  been  obtainetl. 

Lead -salts. — The  uwnoplunthic  »alt^  P*N®H'*Pb"0\  is  obtained  pure  by  digesting 
the  acid  with  a decidedly  acid  solution  of  plumbic  nitrate;  the  diplumbk:  salt. 


P‘N*H'®Pb’0",  by  using  a solution  only  slightly  acidulated;  the  triplumhic  salt, 


P*N*H‘rb*0*,  by  warming  the  acid  with  basic  acetate  of  leaiL 

Magnesium-salts. — The  product  obtained  by  wanning  the  acid  with  an  ammo- 
uiacal  solution  of  magnesia,  washing  with  water  containing  a little  ammonia,  and  afle^ 
wnixls  witli  pure  w’uter,  appears  to  be  a mixture  of  mono-  and  di-magnesic  pyrophos- 
photriamates. 

The  manganese-salt  is  yellowish. 

iV«rcKr»/-^‘rt//,  P*N*H*Hg’0*,  obtained  by  diffusing  the  jicid  through  n solution 
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Of  morcnric  chloride,  or  a Blightly  acidulated  solution  of  amraonio-mercuric  chloride, 
is  a heavy,  white,  granular  powder  which  becomes  yellowish,  and  eventually  dark- 
coloured  on  exposure  to  light.  Iodide  of  potassium  first  turns  it  scarlet,  and  then  dis- 
solves out  the  mercury. 

JSickel‘Balt. — A fc*ebly  ammoniacal  solution  of  nickel-sulphate  yields  a bright 
green  pyrophosphotriamate. 

Piatinum~/ialt,  P*N*H*Pt'*0*, — Obtained  by  treating  the  acid  with  a strong  solu- 
tion of  platinic  chloride,  as  a bulky  yellowish  compound,  which  must  be  washed  with 
alcoliol,  as  water  decompoN-s  it  in  presence  of  tlie  lilieruted  acid. 

Votassium-satt^  P*N*II*KO^. — White,  almost  insoluble  salt,  produced  by  decom- 
posing carbonate  of  potassium  with  pyropbosphotriamic  acid.  It  is  easily  decomposed 
by  acids. 

Silver-faltt. — The  mono^argnitic  mU^  P*N*II*AgO*,  is  obtained  as  a white 
fiocculont  precipitate,  soon  becoming  granular,  by  adding  nitrate  of  silver  to  water  in 
which  the  acid  is  suspended,  and  may  be  purifi4*d  by  digestion  in  dilute  nitric  acid  or 
ammonia,  which  dissolves  out  a slight  excess  of  silver.  It  is  insoluble  in  w'ater,  and 
is  completely  decompoJMHl  by  hydrocldoric  acid. — The  frinrgetitic  sc//,  P*N*II*Ag*0\  is 
obtained  by  precipitating  an  ammoniacal  solution  of  silver-nitrate  with  a solution  of 
pyrophospliotriamicacid,  or  better,  by  treating  the  mono-argent ie-salt  with  ammoniacal 
silver-nitrate.  It  is  of  a bright  yellow  colour,  heavy,  gmnular,  and  when  dry  forms 
an  orange-yellow  powder.  Dilute  nitric  acid  or  ammonia  converts  it  into  the  mono- 
argentic  wdt.  Acetic  acid  attneks  it  but  slowdy. 

7'halliiim’Halt. — The  acid  treated  with  nitrate  of  thallium  forms  a heavy  white 
compound,  easily  decomposed  by  rather  strong  nitric  acid. 

The  acid  decomposes  chloride  of  zinc,  forming  a white  pyrophos- 

photriamate. 

PTKOPBOSPHORZe  ACXO.  See  Phosphobus,  OxYOEK-Acn>8  of  (p.  539). 

PTBOPHTIL^XTS.  A hydrated aluminic  silicate  occurring  in  foliated,  talc-like, 
subtranspiirent  musses,  having  a white,  green,  or  yellow  colour  and  pearly  lustre ; 
hardm'ss  = 1 ; spmfic  gravity  = 2*7 — 2-8  ; flexible  in  thin  lamime.  Before  the 
blowpipe  it  swells  up,  without  fusing,  in  faD-likesha(>es.  increasing  to  about  twenty  timea 
its  original  bulk,  it  forms  a clear  yellow  glass  with  soda,  and  gives  a fine  blue  colour 
with  cobalt-solution.  Partially'  soluble  in  sulphuric  acid. 

Analy.'vs. — a.  From  Pschminsk  in  the  Ural  (Hermann,  Pogg.  Ann.  xv.  392). — 
h.  Spa  inPrlgium  (Rammelsberg,  ibid.  Ixviii.  613).—  c.  Westana  in  Sweden  (Berlin, 
ibid.  Ixxriii.  414). — d.  Chesterfield  County,  South  Carolina  (Genth,  Sill.  Am.  J,  [2] 
zviii.  449)  : 


SiOV 

AHO>. 

Fe20>. 

UnO. 

MsO. 

C.O. 

H«0. 

a. 

.59-79 

29-46 

1-80 

4-00 

.5  62  = 

100-67 

b. 

GG-14 

2.5-87 

1-49 

0-39 

8-69  - 

99-48 

c. 

GG-G9 

26-63 

0'76 

0*29 

0-17 

0-67 

6-46  - 

100-66 

d. 

G5-41 

2850 

091 

0-26 

0-39 

6-23  = 

100-69 

The  last  three  analyses  may  be  represented  approximately  by  the  formula 
2Al*0'.9Si0*.3H'0 ; the  first  by  (Mg"O.SiO').3(APO».3SiO»).3H*0.  Some  of  the 
Chinese  agalmatulites  (i.  60)  approach  very  nearly  to  pyrophyllite.  (Rammels- 
berg’s MineraUdu’Tuif^  p.  686.) 

PTBOPSTSA&tra.  S}-n.  with  Phtsatjtb  (p.  634). 

PTBOPZHT.  The  name  given  by  Thomson  (Phil.  Mag.  zviii.  372)  to  a red 
substance  extracted  from  elephants’  teeth  ; apparently  an  albuminoid. 

PTKOP18BZTB.  A yellowish-brown,  opaque,  earthy  substance,  occurring  in  the 
lignite  of  Weisscnfcls.  Boiling  alcohol  extracts  from  it  30  per  cent,  of  a white,  fusible, 
combustible  matter.  When  heated  above  100®  it  melts  with  tumefaction,  and  evolu- 
tion of  white  vapours,  to  a black  inflammable  mass;  soluble  fur  the  most  part  in  oil 
of  turpentine.  By  distillation,  according  to  Marchand,  it  yields  62  per  cent,  paraffin, 
and  3 cubic  feet  of  illuminating  gas,  from  a pound  of  the  material  (Kenngott, 
Min.  Forbch,  1850 — 51,  p.  148.) 

FTBOQUXJrOZi.  Syn.  with  Htdroovixoke  (iii.  213). 

P'TSORACSMXC  ACZX>,  C*H'0>  » C*H*0*?^  n • j n . 

jj  jO.  Pyruvic  acta.  Brenztrau^ 

bfvs‘>ure.  (Berzelius  Ann.  Ch.  Pharm.  xiii.  61. — Volckel,  ibid.  Ixxxix.  66. 
Wislicenus,  i6iV/.  cxxri.  225.) — An  acid  homologous  witn  glyoxalic  acid  (C*IPO*) 
produced  by  the  dry  di.stillation  of  racemic  or  tartaric  acid  : probably  thus  : 

C'H"0«  « C*H'0*  + CO’  ^ H’O. 

VoL.  IV.  3 D 
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To  prepare  it,  tartarie  arid  h distilled  nt  a temperature  pradnally  rising  to  300®,  ti>d 
the  distillate  is  rwhVtilh*!!  several  times,  the  portion  which  goes  over  between 
170^  l>eing  ultimately  colhvted  apart.  This  distillate  left  for  some  days  oTcr  oil  cf 
vitriol  and  jsdid  }M>tash,  yields  pure  pyronireniio  arid.  (Vdlckel.) 

I’yroracemic  acid  is  a liquid  having  a faint  yellowish  colour,  smelHna  like  acetic 
acid,  and  l>oilingat  altuut  105®,  but  with  partial  decomj>o»ition  at  each  distillation.  It 
is  aolublc  in  water,  ulruhol,  and  ether. 

AVIu  n siihject«*d  in  aqueous  solution  to  the  action  of  nascent  h^drogrn — evolved  hy 
Fodium-amalgam  (WisHcenus).  or  by  aine  and  sulphuric  acid  (Debus)— or  of  ijf- 
driodic  acid,  or  iudide  vf  phfKtphonts,  it  takt'S  up  2 at.  hydrogen,  uud  is  couvertfd  into 
luct  ic  acid  or  if  the  reclucing  agent  is  employed  in  larger  excess,  into  pro* 

pionic  acid  (p.  730).  It  unites  dinvtly  with  2 at.  fjrominr,  forming  the  cotn^oond 
C’H*l5r*0\  proUibly  broniolactic  acid.  These  reactions  show  that  p3rrora«'tDic 
acid  is  relatwl  to  lactic  iu*id  in  tlie  same  manner  >is  ecrylic  to  propionic  acid,  also  tb*l 
it.s  ndatiou  to  acrylic  acid  is  the  same  as  that  of  lactic  to  propionic  acid.  (Wi»* 
licenua.) 

Pyronicematea.  Tlie  acid  is  monobasic,  the  fommlaof  its  salts  being  C'lPMO*. 

They  crystallise  well,  provided  that  heat  is  avoided  in  their  prep>aration.  The 

and  swUum-saffs  are  deliquescent.  The  sodium-salt  forms  large  anhydrous  prisms 
C*Jl*NaO’.  ThcA«(/-Wf,  CIDIV'O*  is  a rrjstnllinc  precipitab?.  The  «(/rer-*r't  is 
also  crystalline,  and  may  bo  rccrj'stalliscd  from  lx>iling  water. 

fi.-V»froracemic  nrfr/.— When  an  m^ueous  solution  of  pyromcemic  acid  is  evs* 
pomleii  by  heat,  there  rerr;ains  a non-volatile  syrupy  mass  which  appear*  to  be  » 
|x>lymeric  mollification  of  the  acid.  It  is  likewise  proiluced  when  the  acid  isfsef«M»Ird 
from  it.s  sails  This  syrupy  acid  does  not  form  crv'stallisable  salts,  its  salts  being  lil 
amorphous  and  gummy.  The  same  gummy  s;tlts  art*  obtained  wlu  u the  solution?  of 
the  crystalline  pyn>racematcs  are  ev;i|V)rat<Hl  by  heat. 

When  pyroraccmic  is  treated  with  excess  of  baryta,  a yellowish  precipitate  i«  formtd 
having  the  eompo.sition  of  a basic  barium*isalt  of  t r i py  ro r u c e m ic  acid, 

C'*n'*lta*0'".B!i"lTT»*,  On  \>oiling  this  precipitate  for  some  hours  with  excess  of 
barytic  hydrate,  oxalate  of  barium  separates  out,  and  the  supernatant  liquid,  wb'*Q 
fn'i'd  from  baryta  by  sulphuric  acid  and  ova|x>rated,  leaves  a syrup  which  partly 
solidifii‘8  in  the  crystalline  form  (Kinok,  Ann.  C!i.  Pharra.  exxii.  182).  The  ciy^sJ* 
wlien  purified  by  rcLTystalHsation  from  alcohol  and  ether,  con.stitute  Finck's  uvitie  | 
acid,  C^IDO',  which  melts  at  287®,  sublimes  without  decomposition,  and  forms  cm* 
t-allisabic  suits,  the  sfxiringly  fiKilnble  silver-salt  having  the  comjKiailion 
The  syrupy  liquid.  Kinek's  uvitonic  acid,  has,  according  to  his  linalysis,  the  coa»Ii>* 
sition  C*H*'0’.  It  forms  amorphous  salts,  and  appM-ars,  both  fr*m  its  properties  *2'^ 
fr)m  tile  analysis,  to  lie  merely  the  above-mentioned  syrupy  modification  of  pyiomceinic 
acid-  (Kekult*,  Lthrhuch,  ii.  213.) 

I^TAOSETZIC.  Ketinitc  from  the  lignite  of  Anssig  in  Bohemia  (see  Retixitb). 

PTRO&TBZTS.  See  Okthitk  (p.  237). 

PTB08CX»1*RITB,  including  Ar<ewjwcrcn7c.— These  mineruls  are  alumino-siHcatw 
containing  chromium.  They  occur  in  six-sided  prisms,  apparently  belonging  to  the 
hexagonal  system,  with  jM»rfecl  bjwd  cleavage;  also  inus»«ive, 

l*i/ro8cleritc  is  translucent,  with  a gret>n-gn*yi»li  or  n-ddish  colour,  and  weak  pearly 
lustre.  Hardness  — 2 5--3.  Specific  gravity  ■»  2*6— 2 74.  Fmeturo  uneven  and 
aplinterv.  Gives  off  ail  its  water  at  a strong  heat;  melts  witli  difficulty  before  the 
blo\vpi|H‘  to  a gri*y  glass,  and  gives  with  fluxes  a faint  chrome  reaction.  I)»*conip<»ci 
by  hydrochloric  acid. 

Kiemmenrite  is  also  translucent  and  has  a pearly  lustre  ; but  its  colour  is  reddish- 
violet  like  that  of  lepidolite.  Hanlne.vs  =»  I’o — 2.  SjvH’ific  gnivity  =»  2 617 — 2 62. 
Sectile  an*l  flexible.  Feels  greasy*.  Gives  off  empyreumatic  water  when  hcatixi  F*’ 
fidiates  slightly  Ix  fon*  the  blowjupe,  but  does  not  fuse  ; gives  with  fliixes  the  reaction* 
of  chromium,  Dcocnns^seil  by  hydrochloric  acid. 

IViod^'chromi'  is  a variety  of  ka'mmeriTite.  having  a gr«-cnish-black  colour  in  the 
ma.'is,  but  poach-blossnm  iv<l  in  thin  splinters.  Hanlm-ss  »»  2 5 — 3.  Specific  grariif 
»■  2 Ct>  -2‘67.  When  strongly  heated  InTore  the  blowpipe,  it  melts  on  the  edges  to 
a yellow  enanH*!. 

Antdpsrs. — a.  IVyrosclerite  from  Elba  (v.  Kobell,  J.  pr.  Chem.  ii  51). — 5.  Kam- 
men.*rite  from  Bissersk  in  Siberia  (Hart  wall.  Berz.  Jahresb.  xxiii.  260). — c.  K.  fnini 
I*ake  Alkali  in  the  Ural'  a.  crystallised  : 6.  massive:  r/< /<foc5ro;nc  (H  ermann,  J- 
pr.  Chem.  liii.  22). — d.  K.  from  Texas.  D!ncjistt*r  Coi’nty,  TVnnsylvam'a  : a,  by  Gent h 
(SilL  Am.  J.  [2]  xv.  438);  by  Smith  and  Brush  '{ihid.  xvi.  41). 
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K*rrm^reritP. 


Pyrotcierlte. 

a. 

s! 

f. 

\ 

rf. 

a. 

fi- 

a- 

fi- 

Silica. 

37  03 

37-0 

.30-58 

ne, i 

32-98 

33-28 

Alumina  . 

13-50 

11-2 

15-94 

10-50 

11-11 

10-60 

Chromic  oxide  . 

1-43 

1-0 

4-99 

6-50 

0‘85 

4-72 

Miigm*sia  . 

31-62 

31 -.5 

33-45 

35  47 

35-22 

36-00 

Lime . 

15 

0-38 

0-35 

Ferrous  oxide 

3-.52 

1-3 

3-32 

1-80 

1-29 

1-60 

Water 

11-00 

13-0 

12-05 

12-03 

13  12 

12-95 

98-10 

99-7 

10033 

99  94 

100-95 

99  50 

All  those  minerals  may  be  represented  as  compounds  of  a metasilicate,  M"SiO*  or 

M’O.SiO*  with  an  ulumioate,  3i*Al*0*  or  and  water,  thealuminium  twdng 

partly  replacwl  by  chromium,  and  to  a preater  extent  in  kfemraererite  than  in  pyros- 
cleritc.  Culling  the  silicnile  A and  the  alumiiiate  B, 

a.  may  be  repre^aented  a«  9 A 4*  + 9 nq. 

b.  9 ^ + i?  + 12  aq. 

c.  rf.  „ 6 + iV  + y aq. 

Vermtrulite  from  Milburj*.  Massrichusetfs,  may  bo  rojrarsle^l  as  belonging  to  the  same 
family,  though  it  contains  no  chmminm.  It  hasiigninular.  scaly  structure,  and  greasy 
feel,  and  is  especially  charactf*ris4*d  by  its  behaviour  !>eforc  the  bUiwpipe,  opening  ont 
into  wormltke  threads,  expanding  to  many  tirrfes  its  original  bulk,  and  ultimately 
melting  to  a yellowish-green  gluNS.  It  is  decomjioaed  by  hydrochloric  acid.  Contains, 
acconling  to  Crossley  (Amrfs  Mincrafogy,  ii.  292),  36  “I  per  cent.  SiO’  16  42 
Al’O*,  27'44  MgO,  10  92  FeO  and  10'30  water,  and  may  be  repn  sonted  by  the  formula 

8M"SiO».jfcPAl»0*  8 aq. 

Choni<'rite{\.  931),  lAganite  (iii,  732),  and  Tab^rgite  are  sometimes  also  classed  with 
pyrosclerito. 

PTlEtOSMAXiXTlS.  A silicate  of  iron  and  manganese  wntaining  chlorine,  ooenrring 
in  hexagonal  prisms  or  tables  having  the  principal  axis  «»  0’5307,  and  exhibiting  the 
faces  oF,  P,  2P,  acP  (Meavage  perfect  parallel  to  the  has*',  imperfect  paruUel  to  obP. 
It  also  occurs  massive.  Ilanlness  «■  4 — 4-6.  Specific  gravity  «»  3 0 — 3'2.  It  has  a 
br<*wn  colour  nnd  |K'urly  lustre;  streak  p,aler  than  (he  colour.  Fracture  uneven, 
Eitlier  splintery;  somewluit  brittle.  When  strongly  heate«l  Wfore  the  blowpipe  it 
melts  to  a black  slag,  attractable  by  the  magnet.  Fus«‘s  readily  with  lx>rax,  exhibiting 
tile  reactions  of  iron  and  manganese.  Dissolves  perfectly  in  strong  nitric  acid. 

A specimen  from  the  Bjelkoy  mine  near  Nonlniarken  in  Wermland,  Sweden,  was 
found  by  Hisinger  (Schw.  J.  xiii.  311  ; xxiii.  54)  to  contain  35*8o  per  cent.  SiO*, 
35'4S  A1*0“,  24  26  *Mn*0*,  121  CaO,  377  chlorine,  and  a quantity-  of  water  not  deler- 
mine<l.  Its  comjiosition  may  bo  npresentod  approximately  by  tha  formula 

FeW3(4M'*0.3SiO»  + 2 aq.). 

iSrosmalite  occurs  also  at  Nya  Kopparberg  in  Westmannland. 

PYROSO&BIC  ACZS.  Syn.  with  AUlp.ic  Acid. 

PTSOSTEARXTf.  The  name  applied  by  Berzelius  to  the  less  fusible  portion  of 
the  distillate  obtaineil  by  distilling  empvreumatic  oils  with  water,  the  more  fusible  por- 
tion biing  called  (HnnJw.  d.  Chem.  2to.  Aufl.  ii.  [2]  418). 

PT&08TZBZTS.  Sjm.  with  Kf.rmesitb  or  Hr.n  Antimony  (iii.  446). 
PTSOTA.XTARXC  ACXB.  C‘H*0*  - j O’.— This  acid  was  dUcoTcrtHi 

in  1807  by  Valentin  Bosi*,  among  the  products  of  the  distillation  of  tartar.  It  has 
hern  investigate!  chiefly  by  Oruver  (Tromm«<l.  N.  J.  xxiv.  2,  55),  Pelouzo  (Ann. 
Ch.  Phys.  12]  Ivi.  297),  Weniselos  (Ann.  Ch.  Pliarm.  xv.  148),  Arppe  {ibid.  Ixvi. 
73),  and  KeknU*  {Utid.  Suppl.  i.  342), 

It  is  produced — 1.  By  the  dry  distillation  of  tartaric  acid  : 

2C'II‘0*  « C»II*0*  + 3CO*  4-  2U*0; 

2.  By  the  action  of  sodium-amalgam  on  itacontc  acid  or  its  isomers,  citraconic  or 
tnesaconic  acid : 

CM!-0*  + IIg"Na*  « Ilg  4-  C^IP.NVO*. 

I (Acon  ic  P>  I ol  Mrt  r Mte 

Mid.  u(  »odiiiiii. 

Tliis  rt'oetion  is  anal<»g<>us  to  that  by  which  the  homologous  body  fumarie  acid,  C'II‘0* 
b courcrlid  into  succinic  acid  (ii.  743). 
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It  tnajr  also  fornuHl  from  itaconic  acid  b?  conrerting  the  latter  into  dibromopy* 
rotartaric  acUl,  and  rKlucing  the  latter  with  sodium-nmalgam.  (Kektil^.) 

3.  By  hoatinc  eya»iid»‘  of  tritylene  with  alcoholic  potash,  the  action  being  analopoa* 
to  that  l*y  wliich  the  fatty  acidn  are  formed  from  the  cyanides  of  the  monatomic  radi* 
cles  (Maxwell  JSiinpson): 

C*II»(CN)*  + 4H*0  = 2NH*  + C*H*OV 

Preparation. — 1.  From  Tartaric  acid.  Tartaric  mixe-d  with  an  eqnal  weight 
poumU-d  pumice  is  distilled  in  a capacious  n*tort ; the  distillate  is  diluted  with 
water;  the  empyreumatic  oil  is  removed  by  tilt  ration  ; the  filtmte  is  evaporated  to  the 
crvstallUing  point;  and  the  crystals  are  freid  from  adht-ring  oil  by  spreading  ibeoi 
out  on  paper  under  a Ixll-jar  near  a dish  containing  alcohol.  This  pnx'css  yields  a 
qiwntity  of  pyrotarUric  acid  equal  to  7 Imt  cent,  of  the  tartaric  acid  used. 

2.  From  Itaconic  acid.  ^^ium'U^mIgam  is  added  to  atjueous  itaoonic  acid.  OB'! 
the  liquid,  decant'd  from  the  separated  mercury’,  is  saturated  with  hydrochloric  acid 
and  evaporatetl;  the  residue  is  treatwi  with  aU»ohol,  which  dissolves  out  the  pyrotar- 
taric  acid  and  leaves  the  greater  part  of  the  chloride  of  sodium  ; the  alcoholic  solution 
is  evaporateil  to  dryness;  and  the  pyrotartaric  ucid  is  extracted  from  the  nsidue  by 
ether.  (Kekul^.) 

Pr/perti(9. — Py’TOtartaric  acid  crystallises  in  colourless,  sometimes  well  dcvelopM 
prisms  with  rhombic  base  and  truncated  on  the  lateral  inlges.  It  is  very  solnble  m 
wiit«r,  alcohol  and  ether:  1 pt.  of  it  dissolves  in  lA  pt.  water  at  20®.  It  melts  at  112^ 
b<*gin»  to  boil  at  aliont  200®  nud  then  volatilises,  f>eing  jmrtly  converted  into  pymtw^ 
taric  anhydride  C'*H“U*.  It  is  not  attacked  by  nitric  acid  or  by  cohl  sulphuric  acid. 

A concentratt'tl  aqueous  solution  of  pyrotartaric  aci«l  does  not  pnaluce  any  turbidity 
in  baryta-  struntia-  or  lime-water,  or  in  solution  of  nitrate  or  neutral  acetate  of  lead; 
but  with  basic  ac<*tate  of  lead  it  forms  a copious  white  curdy  precipitate  insoluble  in 
water,  but  very  soluble  in  the  basic  le«d-ac'  tate  and  in  excess  of  acid. 

Pyrot  art  rates.  Pvrotartario  acid  is  dibasic,  forming  neutral  and  acid  salts,  the 
general  formula*  of  whieli  are: 

Keutr«t.  Acid. 

For  monatomic  metals  , C‘H*M*0*  C*H^I0* 

For  diatomic  metals  . eiI'M'*0*  or  C'nOrOVC^H-O*. 

There  ai’e  also  a f«  w basic  pvrotartrates  of  di-  and  trintomic  metals.  The  acid  salts 
of  the  ulkali-mtials  and  alkalino-earth-metals,  ubUiined  by  neutralising  a certaiQ 
quantity  of  pyrotartaric  acid  with  the  base  and  tlu*n  adding  a quantity  of  the  acid 
equal  to  the  former,  cry’stalliso  well;  the  soluble  neutral  salts  are  somewhat  difficult 
to  crystallise. 

P yrotartraics  of  Aluminium.  Moist  bydmtc  of  aluminium  dissolves  easily 
ill  pyrotartaric  acid,  and  the  solution  when  concentrateil  yields  crystals.  A hanic  folf, 
2C*1P0'.A1*0*  or  2(C'MI*'Ar’0'*.Al*0’).3lPO,  is  ublainetl  as  a heavy  powder  by  pre- 
cipitating a neutral  .solution  of  aluminic  chloride  with  neutral  pyrotartrate  of  swliunJt 
or  by  boiling  moist  alumina  with  u quantity  of  the  ucid  nut  sumcient  to  dissolve  iU 

Amvtonium~salt9. — The  nfu/ral  mlt  is  deliquescent,  and  gives  off  ammonia  on 
evaporation.  The  add  mlt,  C*1P(NH^)0*,  forms  beautiful  rhombo'xdal  prisms,  perma- 
nent in  the  air.  very  soluble  in  water. 

Barium-faltx. — The  nfutral  salt,  C^II‘Ba"0*.2H^0,  is  a crystHllinc  powder 
formed  of  small  rhomboidal  j)risms,  very  solulde  in  water,  insoluble  in  alcohol— The 
add  mlt,  C‘*ll’*Ba"0*.2Il*0,  forms  stellate  groups  of  crystals. 

liismnik-^al i. — A solution  of  recently  precipitattnl  bismuth-hydrate  in  pyrotar- 
taric acid  yields  on  addition  of  water,  a precipitate  containing 

Cad m iu'm-salta. — a.  AVwfrrt/,C‘IPCd’  013HK). — The  solution  of  cadmic  carbonate 
in  the  aqueous  acid  yields,  by  concentration,  crystailline  grains  very  soluble  in  water, 
insoluble  in  nicohol,  and  still  retaining  1 at.  water  at  200®. — /i  The  acid  mlt  i* 
obtained  by  evaporation  as  a viscous  mass  in  which  a few  long  m*edles  form  aOcr  a 
while. 

Calcivm-salfjt. — a.  Keufral,  C*H‘Ca"OV2H*0. — \Vliite  pulverulent  precipitate, 
slightly  soluble  in  water,  very'  soluble  in  acetic,  hydrochloric,  and  nitric  acids, 
insoluble  in  alcohol. — $.  The  acid  salt,  obtained  by  evajxjrating  a solution  of  ihe 
neutral  salt  in  pyrotartaric  acid,  forms  crystals  containing  C*U*Ca''O*.6C*HH)*.2lI*0. 
(Arppe.) 

Cohalt-sal t. — The  solution  of  cobalt-hydrate  in  pyrotartaric  acid  deposits  on 
evaporation  colourb*s8  crystals  of  the  acid  mixtHl  with  a red  insoluble  salt.  On  neu- 
tralising the  ucid  liquid  with  ammonia,  a n>se-coloured  crystalline  powder  is  formed, 
which  dissolves  in  water,  but  is  decomposed  at  the  same  time. 
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Copptr-saHs. — a.  ynttral,  C*II*Cu‘'0*.2II*0. — P^Totartrate  of  sodium  formswilh 
cupric  salts  a blue  precipitate  soluble  in  abcmt  250  pts.  of  water,  very  soluble  in  adds 
and  ammonia;  it  retains  I at.  water  at  100'^. — /3.  A bask'  so/f,  C*II*Cu''0*Cu"lIH)*, 
is  de{>c«ited  in  greenish  flocks  on  erapomting  a solution  of  the  neutral  suit  in  ammouiai 
after  addition  of  water. 

Glucinum^salts. — Pyrotartaricacids;itur.u«Hl  with  glucina  leaves  when  evaporutt^d 
over  oil  of  vitriol,  a crystalline  acid  salt.  C*H*G  'O*.C*lP0*,  which  when  heated  to  18U® 
is  converted  into  tlie  neutral  salt,  C*H*G"0*. 

Iron^salts. — a.  Ferrous  saH. — The  acid  dissolves  iron,  with  evolution  of  hvdn^gen, 
forming  a solution  which  quickly  turns  re<i,  and  de  posits  red  flocks  on  addition  of 
water  or  alcohol.  — 3.  Ferric  salt.  Ferric  chloride  fonns  with  pyrotartrate  of  stMlium  a 
red  viscous  precipitate  containing  2C*U*0'.Fe“0*  31PO  or  C'GP'Fe"'0  * Fc*0’.CU*0. 

C*H‘l’b'’0*.2iI'0, — Pr«‘cipitnt»Hl  after  a few  hours  from  u solution  of 
the  j>otassium-8alt  mixed  with  nitrate  or  neutral  acetate  of  Icatl,  in  needles  if  the  solu- 
tion contains  free  add,  as  a powder  if  it  is  neutral.  It  dissolves  in  smull  quantity  in 
boiling  water,  and  is  dejwsittHl  in  m‘edlt‘S  on  cooling:  dissolves  also  in  nitmie  ot  lead. 
The  same  salt  is  formed  by  treating  carbonate  of  lead  with  pyrotartaric  acid  and 
filtering  to  separate  a basic  salt.  Pyrotartaric  acid  forms  a curdy  precipitate  with 
basic  acetate  of  loud  (p.  772). 

Magnesium-salts. — \ solution  of  raagnesia  in  pyrotartaric  acid  evaporated  over 
oil  of  vitriol,  leaves  tlie  neutral  s;dt  as  u gummy  very  friable  mjiss,  apparently 
containing  GG!*.Mg'*0‘.3H*0.  Tlie  same  solution  evaporated  to  a syrup,  and  then 
mixed  with  water,  deposits  a crystalline  muss  consisting  of  C*lI*Mg’'0*.6lP0. — The 
acul  salt  is  gummy. 

The  manganese-salt,  C*II‘Mn''0*.3lP0,  is  obtaintHl  by  evaporation  ns  a gummy 
mass,  very  soluble  in  water,  in.soluble  in  alcohol. 

The  mercurous  and  mercuric  sa  Its  are  white  precipitates. 

Nickel-salts. — The  neutral  salt.  C^lI"Ni”0*.2HH^,  is  obtained  by  evapomting  the 
green  solution  of  nickel-hydrate  in  the  acid,  r»-<Us8olvlng  in  alcohol,  and  a;:ain  evapora- 
ting. as  a green,  crystalline,  sparingly  soluble  powder,  which  gives  off  its  water  at  200®. 
— The  acid  salt,  C'*II*Ni"0‘.C*lI*OMPO,  is  otitained  as  u crystalline  mass  by  leaving 
the  solution  of  the  hydrate  in  pyrotartaric  acid  to  evaporate  over  oil  of  vitriol. 

Potassiu  m-salts. — The  neutral  salt,  is  veiy  soluble,  deliquescent, 

ami  may  with  some  difficulty  be  obtaimMl  in  foliated  crystals  by  erapomting  its  solu- 
tion in  a hot  air  chamber. — The  acid  salt,  C^IPKG*,  is  obtained  by  spontaneous  evapo- 
ration of  a solution  of  the  acid  half  saturoted  with  {)otash,  in  colourless,  oblique,  rbom- 
boi'did  prisms,  permanent  in  the  air. 

The  s»7frr-«a//,  C*H*Ag-0\  is  a white,  cunly  precipitate  which  blackens  when 
exposed  to  light.  Ily  heating  it  in  a current  of  dry  hyilrogen,  ami  washing  the  pro<luct 
with  water  to  remove  free  acid,  a !»rown  powder  is  obtained  consisting  of  argentous 
pyrotartrate. 

Sodium-salts. — The  neutral  salt,  C*H*Xa*0*.6H*0, forms  efflorescent  laminse  very 
soluble  in  water,  insoluble  in  alcohol. — The  acid  salt,  C^irNaO',  crj’stallises  with 
difficulty  in  smull  rhomboi'dal  prisms. 

Strontium  salts.— The  nr«/rrt/ m//,  C'H**^r"0*.H*0,  forms  prUms  very  soluble 
in  water,  insoluble  in  alcohol. — The  acid  salt,  C‘H*Sr"0*,C*ll“0*.2Il’0,  cry^tallUes  in 
nacrt*oii.s  scales. 

Stannous  oxide  dinsoives  easily  in  pyrotartaric  acid,  and  the  solution, 
filtered  from  a yellow  basic  salt,  yields  with  alcohol  a precipitate  apparently 
containing  C^H^SiroVSn'O. 

Uranic  salt. — The  yellow  solution  of  uranic  hydrate  in  the  acid  deposits  on 
evaporation,  a yellow  powder,  very  soluble  in  water,  insoluble  in  alcidiol,  and  con- 
taining according  to  iVrppe,  or  2C*H-(C*0^)"0*.C^H*0*.2HK). 

Zinc-salts. — The  neutral  salt,  C*H*Zn"0*.3lI*0,  is  obtained  by  evaporation  as  a 
thick  sjTup,  gradually  depositing  crystalline  granules  which  increase  in  quantity  on 
addition  of  a small  quantify  of  water.  It  retains  1 at,  water  at  200®. — An  in»jiuble 
basic  salt  U obtained  by  concentrating  a solution  of  zinc  in  pyrotartaric  acid  to  a small 
bulk  and  Ire.ating  the  residue  with  water. 

IHbrompp y r otartar i c actd«  C^H'BrO*. — This  compound  has  not  yet  been 
obtained  as  a substitution-proiluct  of  pyrotartaric  acid,  but  is  formed  by  direct  addition 
of  bromine  to  itaconic  acid,  C*H*0*.  To  prepare  it,  4 pts.  of  itaconic  acid  are  shaken 
up  with  5 pts.  of  bromine  and  4 or  6 pts.  of  water.  The  reaction  commences  at 
ordinary  temperatures  and  is  nttendiHl  with  evolution  of  heat,  but  towards  tlie  end  it 
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mast  lx*  assisted  by  the  heat  of  a water-bath.  The  crystalline  crust  which  scpamlcs 
on  cw)linp,  and  the  crystals  obtained  by  evaporating  the  mother-liquor,  are  purititd  by 
mryatftllbation  from  a small  quantity  of  water. 

Ihbromopvrotartario  acid  forms  colourh*8«  crystals  easily  soluble  in  water,  alcohol, 
and  other.  Vhen  treatetl  with  mdium-amalgam,  it  is  converted  into  pyrotartaric 
aciit  On  adding  oxide  of  silver  to  the  aqueous  solution,  the  2 at.  bromine  are 
replaced  by  2 at.  HO,  and  an  acid,  homologous  with  tartaric  acid,  is  produced  ; 

OIHBriO*  -e  Ag=0  + KO  « 2AgBr  + 

Dibromopyrotarfaric  acid  is  dibasic.  Its  salts  have  not  been  much  cxamine<l.  In 
preparing  them  it  is  necessary  to  avoid  rise  of  temperature,  as  they  are  easily  decom- 
jMjsed  thm>bv.  with  separation  of  metallic  bromide  and  formation  of  a crystallisablo 
monobasic  aetd,  culled  aconic  acid,  CMPO*;  e.g. : 

C‘H*BrNa*0*  = 2NaBr  + C*U*0*. 

On  boiling  a solution  of  the  so<lium-sult  and  adding  carbonate  of  sodium  in  such  quan- 
tify, that  3 at.  sodium  shall  U*  pr*‘sent  for  every  1 at.  of  dibromopyrotartaric  acid,  a 
aofuttoD  is  obtained  which  on  sutheieni  concentration,  yields  large  crystalline  platen 
ofuconuto  of  sodium,  obtainublo  by  slow  evapomtion  frem  aqueous  solution, 
in  large,  well-developed,  efflorescent  crystals  containing  C^IHNaO*. 311*0.  In  like 
manner  by  boiling  a solution  of  barytic  dibromo-j*yrotartrate,  adding  carbonate  of 
barium  in  suffleient  quantity'  to  neutralise  the  reaction,  and  mixing  the  ffltrate  with 
alcohol,  neonate  of  barium,  C‘*H*Ba"0*,  is  precipitated  in  white  flocks,  very 
soluble  in  water,  insoluble  in  strung  alcohol,  crystullUing  in  needles  from  dilute 
alcohol. 

By  treating  citraconic  and  mesaconic  acids  which  are  isomeric  with  ituconic  acid, 
with  hromiiic  and  water  as  above,  acids  arc  pnxluced,  isomeric  but  not  identical  with 
the  dibromopyrotartaric  acid  just  descrilied.  The  three  isomeric  acids  may  be  distin- 
gnishi*d  as  ita«,  citra-,  und  mesu-dibromopyro tartaric  acids. 

Ci(ra-dit>romopgroiartaric  acidf  C*n‘Br*0\  is  much  more  soluble  than  ita- 
dibromopyrotartaric  acid.  It  usually  ciystullifres  in  cauliflower-like  groups  of 
microscopic  needles.  AVhen  heated  it  yields  mouobrouiocitruconic  anhydride, 
CHl’BrO* ; 

C=-H“Br>0*  - C‘H*BrO>  + H»0  + HBr. 

Cltia-dibromojiyrotartaric  acid  is  nlso  dibasic,  and  its  salts  are  rr-adily  deconq'osed 
by  boiling  with  water  or  excess  of  base,  but  in  a totally  diflerent  manner  from  the  ita- 
dibromopyrc'tartmtes,  carbonic  anliydride  being  given  off',  and  a salt  of  mo  uobromo- 
crotunic  acid  proiluced:  thus, 


C‘H'BrNa’0* 

Cifr«-dibro>i  nprro- 
turtraie  of  lodiuin. 

- C'IPBrNaO*  + 

Monubi  nni'cmionate 
or  &udiutD. 

NaBr 

+ co>. 

2C*Il'Br»Cn'0* 

Citro-ditiromopf  ro- 
Urlrata  of  calcium. 

- C’*H’BrCa"0‘  + 

MonohromocrotoiMte 
of  caiciutn. 

Ca*Br* 

+ 2CO*. 

(»See  CaoTOSic  Acid  in  the  Appkniux.)  According  to  Cshours  (Ann.  Ch.  Phys.  [3] 
Ixvii.  137),  an  acid  having  the  composition  of  dibrcmobutyric  acid  is  formed  at  the 
same  time  as  an  intermediate  product : 

CHI«Br»0*  - C^n‘Br»0»  + CO*. 

^fesa•dibromo]\^/ro^artarie  acid  is  much  less  soluble  than  citra-,  but  more 
toluble  than  ila-dil  romopyrotartaric  acid.  It  crystallises  in  nodular  or  sphcricHl 
masses.  It.s  salts  wl.en  boil<^  with  water  likewise  yield  broinocrotouic  acid.  (Kckul^, 
Ann.  Ch,  Phunn.  J uppl.  ii.  100.) 

mOTA&TiUtXC  AX3HTX>RXX>E.  0.— ObtainwJ  by 

distilling  the  acid  with  plu  '-j  liorie  anhydride.  It  is  a liquid  boiling  at  a temperature 
al^ve  300^^,  insoluble  in  water,  but  gradually  converted  by  absorption  of  water  into 
pyrotartAric  acid. 

VTKOTAATA.HXC  ETHEKS.  The  only  one  known  is  the  ft&glic  tthrr, 
CMI*(C*IP;*Of,  which  ispro<luc<d  by  passing  hydrocliloric  acid  gas  into  an  alcoholic 
Kilution  of  the  acid.  It  is  an  aromatic  liquid  boiling  at  213'^,  gradually  decomposed 
by  water. 

VTSOTASTJtAWXX,  or  rhinyl-pyrotartriiHide,  C"H"NO’  = 

(Arppe,  Ann.  Ch.  Pbarm.  xc.  138.)-  Produced  by  heating  aniline  with  pyrotartaric 
aoid  to  a temperature  a little  above  100®  for  ul*out  ten  minutes.  On  dissolving  the 
solidifled  mass  in  boiling  water,  trraiiug  the  solution  with  animal  charcoal,  and  leaving 
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it  to  cool,  pyrotartr.mil  is  dcpoeittsl  as  u pulverulent  precipitate  eoinpo»<*il  of  micrwcopic 
neeiUes.  It  has  neither  taste  nor  smell ; melts  at  98  , siihlimes  witlmiit  »UH'um{>oHitiou 
at  1 to®,  l)oiIs  with  partial  iit‘comp<>sition  at  alwut  SOO''.  It  is  rlij'htly  wduWein  l)oiling 
e.isily  soluble  in  afcoh>l  and  rthrr,  also  in  a^vtoUH  alkaiis,  by  which  when  healed 
it  is  converbsl  into  py rotart  ranilic  acid.  W hen  fus*>d  with  alhiHne  hydrates^  it 
is  resolved  into  aniline  and  pyrotartaric  acid.  yUrkacid  converts  itiuto  py  rotart  ro- 
nit  ranil. 


PTaOTARTAAXrXX.XC  ACXX>,  or  Vhenyl~pyndartramic  acid,  C”ir*NO*  = 

(CMI*0’)"|q.  (A  rppe, /oc.  ci7.) — Produced  by  the  action  of  aniline  on  pyrotartaric 

anhydride  ; also  by  the  metamorphosis  of  pyrotartranil  under  the  influence  of  aqueous 
alkalis.  It  forms  bulky  needles,  appearinj^  under  the  micrr>scopc  as  r»*ctaiigular 
prisms  with  perpe  ndicular  end*fac<'S.  It  is  more  soluble  in  UHttrr  than  pyrotartranil, 
easily  soluble  in  (dcuhol  and  tihtr  ; reddens  litmus.  It  may  be  healed  to  ItO®  without 
lo>s  of  weight,  but  at  it  gives  oflf  water  and  is  converted  into  pyrotartronitninil. 
It  is  dccomi»osfKi  b}  excess  of  boiling  potash  ; is  not  colourt^d  by  chloride  of  lime. 

i*yrutartraniiic  acid  decomposes  carbonates,  but  is  separated  from  its  own  Kills  by 
Rcetjc  acid.  The  py  rotartraii  i lates  of  tbealkali>  and  alloiIinc*earth  metals  are  very 
soluble  in  water.  The  ammouiHin-snlt,  which  may  be  obtained  by  boiling  pyrotartr.inil 
with  aqueous  ammonia,  dries  up  to  a nidiate  mass  verj’  soluble  in  cold  but  deconij  osed 
by  hot  water.  Its  solution  forms  a bluish-gn'cn  precipitate  with  cupric  svlphatr, 
white  witli  mcrntric  chloride,  yelIowish-n*d  with  ferric  chloride.  The  Irad’scdt, 
C‘"H‘*Pb"(C*ll*j*N*y",  fonns  a while  precipitate  becoming  glutinous  on  ebullition. 

FTROTARTRXMXSX:,C^IPNO*  = Dipyrvfnrtro-diamidc, 

Ch.  Pharra.  Ixixvii.  228.) — Produced  by  heating  acid 

pyrotartrate  of  ammonium : 

C»I1\NH')0»  - 211*0  - CMPNO*. 


The  solidified  distillate  is  purified  by  pressure  and  r’crystallisalion  from  a small  quan- 
tity of  water. 

Pyrotartrimide  forma  small  needles  or  hexagonal  plates,  bedonging  to  the  trimetric 
system,  and  exhibiting  the  combination  oP  . ocl^ao  . ocp.  Angle  ocP  : oeP  — 92® 
30';  *P  : « 1.33®.  Cleavage  [mrallel  to  oeP  and  oP.  It  is  anhydrous, 

verr  soluble  in  water,  alcohol,  ether,  acitls  and  alkalis ; has  a cooling,  slightly*  bitter, 
and  sour  taste;  its  aqueous  solution  reddens  litmus,  bnt  it  does  not  combine  with 
ammonia.  It  melts  at  66®,  and  solidifies  on  cooling,  in  a rjidiiite  mass,  unctuous  to 
the  touch,  and  having  a foliatctl  fracture.  It  begins  to  volatilise  at  10(H,  but  does  not 
lx)il  till  heate<l  to  about  280^  at  which  lemp<>rulure  it  sutlers  partial  dccnrajxwition. 
Wlien  l>oiIed  with  strong  p^dash-Uy,  it  gives  off  ammonia.  Its  solution  forms  with 
(Kcidr  of  trad,  a strongly  alkaline  eomj*ound  which  contains  6723  per  cent.  PbO  and  647 
water,  dries  up  to  a gummy  mass,  and  is  partly  decom{>osed  by  water.  The  solution 
of  tnis  lead-compound  attacks  the  jmper  through  which  it  is  filtered,  rendering  it 
viscous  and  gehttinous. 

PTROTARTROirXTXtAirXX,  C"H‘*X*0*  or  ytnphenyl-pyrotartrimidc  — 
Cn'(VO*)[^*  (^^*^PP®»  — Precipitatetl  by  water  from  a solution  of  pyrotar- 

tranil in  very  strong  nitric  acid,  a.s  an  oil  which  gnulimlly  solidifies,  and  ciystallises 
from  iHiiiing  alcohol  in  spherical  groups  of  erj-staU.  It  melts  .at  166®  and  if  cautiously 
healtxl  solidifies  without  d«‘i*omposition.  It  is  nearly  insoluble  m trater,  but  dissolves 
easily  in  alcohol  and  in  ethtr.  Boiling  aqueous  ammonia  convert«  it  into  pyrolartro- 
nitninilic  acid.  Fix'd  alhnlis  determine  the  same  transformation,  part  of  the 
pyrobirtninilic  acid  being  however  resolved  by  the  further  artiou  of  tho  alkali  into 
pyrotartaric  acid  and  /3*nitriiiiilinc  (see  Piirnylamlnes,  p.  446). 

FTROTASTROXrXTRAimSC  ACXXIf  or  Fi/rophenyl-j^rotartramic  and, 
lLC-HVNO*)K. 

C'*II'*N*0*  » (CffPO*)"  j-Q'  (.-Vrppe,  loc.  cit.) — When  pyrotartronitranil  is 

introdiu*ed  into  a slightly  dilut«xl  and  boiling  solution  of  sodic  carbon, ate.  a yellow 
liquid  is  obtained,  which,  on  cxding.  deposits  yellow  crystals  of  0-mtraniline,  whilst 
py  rotart  ronitrunilate  of  sodium  r<‘nmtus  in  solution;  and  on  adding  nitric  acid  to  tho 
filter'd  liquid,  pyrrjtartranilic  acid  scp.amtcs  in  yellowish  tlaki*s,  which  may  be  purified 
by  recrj'stallisation. 

PyrolartroDitranilic  acid  is  very  slightly  soluble  in  water,  but  dissolves  easily  in 
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alcohol  and  ether,  and  is  deposited  fn>m  a saturated  solution  in  microscopic  rhombic 
crystals  of  1*20°.  It  melts  at  a little  above  ldO°.  It  is  a very  feeble  acid,  being 
scarcely  able  to  decompose  carbonates. 

The  pvrotartronitranilates  are  unstable  salts  difficult  to crystalliso.  The 
C‘*H‘*AgN*U*,  is  precipitated  in  white  flocks. 

PT&OTBCHITT.  See  Richardson  and  Watts's  0icmicdl  Technolog^fi.  [4], 5fil  — 
611;  also  Ure'a  Dictionary  of  Arts,  &c.,  iii. 

VTROTSKEBXC  ACXS.  C*H'*0*  = | PyroUrMic  acid.  Brcnc- 

itrehinsanre. — This  acid,  belonging  to  the  acrylic  series,  C*H*"-*0*,  and  m^^tameric 
with  etliyl-crotonic  acid  (p.  273),  whs  discovered  by  Rabourdin  (J.  Phartn.  [3]  vi. 
196),  and  has  been  further  examined  b)  Chautard  {ibid,  xxvnl  192).  It  is  produced 
by  the  dry  distillation  of  ten^bic  acid  and  purifled  by  repeated  rectification ; 

Cm'^0*  « CO*  + C‘II'*0*. 

It  is  a liqnid  boiling  at  210°,  and  smelling  of  butyric  acid.  It  dissolves  in  25  pts.  of 
water,  and  is  easily  soluble  in  alcohol  and  ether.  When  gradually  dropp#*d  into 
melting  hydntte  of  potassium,  it  is  resolved,  with  evolution  of  bydn^en,  into  acetic 
and  butyric  acids : 

C«H'»0>  + 2H*0  « C-H'O*  + C*H*0*  + H* 

Pyrotcrebafe  of  siU'cr,  C*H*AgO*,  crystallises  with  difficulty,  and  blackens  on 
exposure  to  light,  especially  when  moist. 

PTKO-tmZO  ACXX>.  Syn.  with  Cyanuric  Acid. 

FT&OJLAM.  Syn.  with  Xtloidix. 

PTSOXAIV TBZir • Efdanrin.  A yellow  crystalline  substance  produced  by 
the  action  of  potash  on  one  of  the  substances  contained  in  heavy  oil  of  wood-tar 
(Volckel).  It  is  contained  in  crude  wood-spirit,  as  first  observed  by  Scanhin,  and 
may  be  separated  ther»*from,  according  to  Gregory  (Ann.  Ch.  Pharm.  xxi,  143),  by 
distilling  tnc  liquid,  collecting  al>out  15  per  cent,  saturating  the  distillate  with  slaked 
lime,  and  redistilling.  The  residue,  containing  the  excess  of  lime  employed,  acetate  of 
calcium,  a brownish  resin,  and  pyroxanfhin.  is  treated  witli  dilute  hydrochloric  acid, 
and  the  insoluble  portion  is  digested  in  boiling  alcohol,  which  dissolves  the  resinous 
matter  first ; tlie  pyroxunthin  is  found  in  the  last  alcoholic  decoctions. 

Pvpoxantliin  crystallises  in  long  yellow  needles,  inodorous,  insoluble  in  water, 
Boluldo  with  aid  of  heat  in  alcohol,  ether,  and  acetic  acid,  nearly  insoluble  in  ammonia 
and  in  boiling  potash.  It  melts  at  144°.  When  heated  in  a tube  closed  at  one  end, 
it  does  not  volatilise  without  decomposition ; but  if  heated  in  a current  of  air,  it  sublimes 
at  134°.  Gregory  found  in  it  74*8  percent,  ttirbou  and  5'5  hydrogen,  numbers  agreeing 
nearly  with  the  formula  C*H*0*,  which  requires  75  carbon,  5 hydrogen,  and  20 
oxyygen. 

Pyroxunthin  dissolves  with  deep  red  colour  in  strong  sulpharic  and  in  fuming 
hydrochloric  acid ; water  precipitates  it  from  the  solution  in  a partly  altered  state. 
Strong  nitric  acid  attacks  it  violently,  converting  it  into  oxalic  acid  and  a nitro- 
compound. Clilorine,  with  aid  of  heat,  converts  it  into  a brown  resinous  substance, 
with  di.Hcngagement  of  hydrochloric  acid. 

PHROXAJfTHOOBV.  The  constituent  of  wood-tar,  from  which  pyroxanthiu 
is  supposed  to  be  formed. 

PTSOXSIVE.  A zuime  sometimes  nsed  as  synon^mions  with  aiigite  to  denote  the 
mineral  species  (I.  275),  but  more  commonly  restrict^  to  certain  varieties  baring  a 
green  or  greyish-green  colour.  (I)aiui,  ii.  158.) 

P*reoxsirZTXI.  A rock  consisting  of  felspar  and  lamellar  pyroxene. 

PTSOXTEZIf.  Gun-cotton;  Coton  fulminant ; Coton~^*oudrf  ; Poudre-coton  ; 
Fulmi-coton.  Schic^xtHiumv>cMe  ; rxfd^>dirfnde  Baumipoiir. — These  names  are  applied 
to  certain  explosive  substances  produced  by  the  action  of  fuming  nitric  acid,  or  of  a 
mixture  of  nitric  and  sulphuric  acids,  on  cotton  wool.  Schoubein,  in  1845, 
announced  the  discovery  of  an  exphwive  cotton-wool  applicable  os  a substitute  for 
gunpowder,  but  his  mo<le  of  prep»iration  was  at  first  kept  secret ; and  soon  afterwards 
the  method  of  pnaluciiig  the  explosive  compound  by  treating  cotton-wool  with  strong 
nitric  acid  was  discovered  independently  by  Bottger  and  Otto,  and  publisbeii 
by  the  latter  (Augsburg,  Allg.  Zeituug,  Oct.  5,  1846;  J.  pr.  Chem.  xi.  193),  Knop 
(Compt.  rend,  xxiii.  8U8)  soon  afterwards  introduced  the  more  advantageous  meth«jd 
of  treating  the  cotton-wool  with  a mixture  of  strong  nitric  and  sulphuric  acids.  The 
chemical  composition  and  properties  of  pyroxylin  liave  been  made  the  subject  of 
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numerous  rcsearclies  byBottger,  Pelouze,  Payen,  Peligot,  von  KerckhofF, 
Sobrero,  Bechamp,  and  others  on  the  continent,  and  in  this  country  by  Porrett, 
Hansom,  Crum,  Gladstone,  and  Hadow.  (For  a complete  list  of  memoirs  relating 
to  it,  down  to  1862,  see  Gmeliu’s  Handbook,xv.  168.)  From  its  first  discoveiy,  uLwj, 
numerous  experiments  were  made  on  its  applicability  to  military  and  mining  operations 
as  a substitute  for  gunpowder,  over  which  it  possesses  the  great  advantage  of  burning 
without  smoke,  ana  leaving  no  residue  to  foul  the  gun  ; and  its  preparation  was  soon 
commenced  on  a large  sc.ile ; but  the  occurrence  of  several  severe  and  unexplained 
accidents  during  the  manufacture,  attended  with  great  loss  of  life,  caused  it  to  be 
ngarded  as  too  dangerous  and  unmanageable  for  military  purposes,  and  accordingly 
its  manufacture  was  for  a while  nearly  given  up.  Within  the  last  few  years,  however, 
the  attempts  to  make  use  of  gun-cotton  as  a substitute  for  gunpowder  have  Wen 
renewed,  and  brought  to  a successful  issue  chiefly  by  the  investigations  of  General 
von  Lenk,  an  Austrian  officer  of  artillery,  who  has  discovered  the  cause  of  previous 
failures,  gradually  perfected  the  process  of  manufacture,  and  instituted,  under  tho 
auspices  of  the  Austrian  government,  an  elaborate  series  of  experiments  on  the 
bt'st  methods  of  applying  it  to  gunne^. 

Cotton  treated  with  a mixture  of  nitric  and  sulphuric  acids,  yields  a number  of  pro- 
ducts which  may  be  regarded  as  cellulose,  C*H'*0‘,  in  which  the  hydrogen  is  more  or 
less  replaced  by  nitric  peroxide,  NO*  the  degree  of  nitration  varying  according  to  the 
mode  of  preparation.  Tlio  difi^rent  compounds  have  diifercDt  degrees  of  stability  and 
are  variously  affected  by  solvents.  According  to  Hadow  (Chem.  Soc.  Qu.  J.  vii. 
201),  the  three  principal  products  are: 

0.  C'"H”(N0*)*0'‘  or  C*H'(N0*)*0‘,  insoluble  in  a mixture  of  ether  and  alcohol ; 
but  soluble  in  ethylic  acetate.  It  is  produced  by  repeated  immersion  of  cotton- 
wool in  a mixture  of  2 at.  nitric  acid,  UNO’,  2 at  oil  of  vitriol,  H’80',  and  3 at. 
water. 

C’"H*‘(N0*)*0‘*,  soluble  in  ether-alcohol,  insoluble  in  glacial  acetic  acid.  Pro- 
duced when  the  acid  mixtun*  contains  ^ at.  more  water  than  in  a. 

y.  C“II*’^N0*)’0‘*  (GlaiUloue’s  Ci>tion~xt^luidin\  soluble  in  ether  and  in  glacial 
acetic  acid,  Protluced  wlu*n  the  acid  mixture  contains  1 at.  more  water  than  in  a. 

The  term  “pyroxylin”  is  sometimes  applied  especially  to  the  more  highly  nitrated 
compounds  ; but  it  is  much  better  to  use  this  b-rm  «is  a generic  name  for  all  the  substi- 
tution-compounds formed  by  the  action  of  nitric  acid  on  cellulose,  and  to  designate  as 
“ gun-cotton  ” the  most  highly  nitrated  compound,  trioi  trocellulose,  C’H’(N0’)*0*, 
which  is  the  only  one  adapted  for  use  in  gunnery. 

The  lower  compounds,  which  arc  soluble  in  alcohol  and  ether,  are  used  for  the  pre- 
paration of  collodion  (i.  1083). 

Gun-cotton,  C‘H’(N0’)*0*. 

\Mien  cotton-wool  is  immersed  in  a mixture  of  strong  nitric  and  sulphuric  acids, 
substitution  takes  place  immediately,  and  the  produet  has  only  to  be  freed  from  ad- 
hering acid  by  washing  with  water  and  then  dried.  But  in  order  to  insure  the  uniform 
production  of  the  most  highly  nitrated  compound,  Lenk  adopts  several  precautions, 
tho  most  important  of  which  are : 

1.  Tho  cleansing  and  perfect  desiccation  of  the  cotton  previously  to  its  immersion  in 
the  mixed  acids. 

2.  The  employment  of  the  strongest  acids  procurable  in  commerce. 

3.  The  steeping  of  tho  cotton  in  a fresh  strong  mixture  of  acids  after  tho  first  im- 
mersion and  partial  conversion  into  gun-cotton. 

4.  The  continuanco  of  tho  steeping  for  forty-eight  hours. 

6.  The  tliorotigh  purification  of  the  gun-cotton  thus  produced  from  every  trace  of 
free  acid,  by  washing  the  product  in  a sinam  of  water  for  several  weeks;  subsequently 
a weak  solution  of  potash  may  bo  used,  but  this  is  not  essential. 

Tho  prolonged  application  of  tlieso  processes  is  alisolutely  necessary  to  ensure  the 
thorough  nitration  of  the  cotton  and  the  subsequent  purification  of  tlie  product ; for 
each  cotton-fibre  is  a long  narrow  tube,  often  twisted  and  even  doublKl  up,  and  the 
acid  has  first  to  penetrate  to  tho  inmost  depths  of  those  tubes  and  afterwards  to  bo 
soaked  out  of  them : hence  the  necessity  of  time. 

Sometimes,  to  render  the  gun-cotton  less  explosive,  and  to  remove  the  last  lingering 
traces  of  free  acid,  it  is  impregnated  with  a solution  of  silicate  of  sodium  (soluble 
glass),  which  is  furccMl  into  it  by  means  of  a centrifugal  machine,  having  a central  tube 
for  supplying  the  solution.  It  is  then  dried  by  exposure  to  tho  air,  whereby  carbonate 
of  sodium  is  formed,  and  silica  separated,  and  the  carlionate  of  sodium  is  afterwards 
washed  out  with  water,  while  the  silica  remains  attached  to  the  fibres. 

Sometimes,  again,  to  render  the  fibres  soft  and  diminish  the  dangerof  explosion  from 
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tiolent  friction,  the  gnn-cotton,  tiftcr  being  treated  with  soluble  glass,  is  immersuHl  in  a 
6oap-lev%  the  excess  of  wliich  is  then  stjueezcd  out,  and  tlie  gun-cotton  nnali^*  dricvL 

Tor  ui  tails  of  the  Austrian  process,  and  of  experiments  on  the  preparation  cf  gnn- 
cotton  at  the  Ttojal  Uunpowder  Works  at  Waltham  Abl>e\%  see  the  article  “Ouu- 
cotfon”  by  Dr.  Gladstone  in  Kichardson  and  Watts's  cAewfon/  7W?/*W<yy,  i.  [-1] 
487 — 500.  Gun-cotton  is  now  prepanKl  on  a large  scale  by  a process  essentially  the 
same  as  that  of  I.«enk,  at  the  manufactory  of  Messrs.  Prentice  at  Stownmrkef. 

Gun-cotton  prepared  l>y  the  process  just  described  retains  tlio  external  properties  of 
cotton-wool,  but  is  somewhat  harsher  lo  the  touch,  unless  it  lias  been  soaj'tHl.  It  has 
neither  taste  nor  smell,  and  is  neutral  to  moistened  litmus-paper.  Dy  friction  it 
becomejj  more  strongly  electric  than  cat’s  skin  ; it  crackles,  yiehU  sparks,  and  is  phos- 
phorescent in  the  dark  (Guiffe,  Compt.  rend.  xxiv.  88).  Its  fibres  seen  under  the 
microscope  by  j»olarised  light,  exhibit  very  little  brightness,  and  scarcely  any  play  of 
colours,  wlierea.s  the  fibres  of  ordinaiy  cotton-wool  appear  bright  an  1 show  a fine  play 
of  colours  even  in  the  dimmest  light.  (Kindt,  Pogg.  Ann.  Ixx.  168.) 

The  following  analyses  of  Lt-nk’s  gun-cotton,  the  first  mad»*  in  the  laboratory  of  tlie 
Imperial  Kngineers'  Committee,  the  second  in  the  University  laboratory  at  Vienna, 
sliow  that  it  consists  of  trinitroeellulose,  C*H^(NO*)W. 
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Gun-Cotton  is  insoluble  in  water,  and  perfectly  unaffecttHl  by  long  soaking  in  that 
liquid.  It  usually  absorbs  about  2 per  cent,  of  hvgroHci»pic  moisture,  any  excess  that 
it  may  absorb  under  meuliar  atmosplieric  conditions  being  sjxtHiily  given  oft  when  the 
air  reUinis  to  it.s  ordinary  state  of  dryness.  It  is  insoluble  also  in  alcohol,  ether, 
and  glacial  acetic  acid. 

Gun-cotton  is  not  aflccted  by  dilute  acids  or  alkalis;  but  nitric  add  of  .specific 
gravity  P45  attacks  it,  producing  a lower  substitution-proiluct  which  weighs  only  *ths 
of  the  original  iriuilrocelluloso.  Strong  aulj>hurk  add  dissolves  it  witli  some  difiioully, 
and  the  solution  does  not  turn  black  even  wlu  n heatc*d  to  a high  temperature,  though 
it  then  gives  oft  carbonic  anhydri»lo  and  nitric  oxide. 

Strong  2*^da»hdey  dis.«olvos  gun-cotton  rapidly,  <*sj>ecially  if  heut«‘d  to  about  70°, 
with  formation  of  ammonia,  nitrous  acid,  oxalic  acid,  and  other  acids.  The  alkiilino 
solution  reduces  an  ummoniacal  solution  of  silver,  and  bus  in  fact  been  used  fur 
silvering  mirrors. 

A solution  of  potaasic  sulphydraUf  especially  if  mixed  with  alcohol,  rejiroducca  tho 
original  cotton,  with  formation  of  potaKsic  nitralo  and  a little  ammonia  -‘Ferrous 
aulphaU  exerts  a similar  reducing  action,  likewi.H?  n'producing  the  original  cotton 
(Dechamp).  Gun-cotton  placed  in  contact  with  aulphxric  add  and  metallic  mercurp^ 
gives  olT  all  its  nitrogen  in  the  form  of  nitric  oxide.  On  account  of  these  last  threu 
reactions,  gun-cotton  is  regardeil  by  llechatnp,  Pelouze,  Cnun,  and  other  cliemists,  as 
analogous  in  constitution  to  a nitric  ether,  nither  than  to  such  cum|>ounds  a.s  nitro- 
benzene, nitrobenzoic  acid,  &c.,  iimsinuoh  as  tho  latter,  when  tn*ated  with  i\*tlucing 
agents,  are  converted  into  other  eonii>oun<l8  containing  nitrogen,  whereas  gun-<K>lton, 
like  the  nitric  ethers  ami  nitrites  in  genenil,  is  depriviHl  by  these  reagents  of  the  whole 
of  its  nitrogen,  and  in  some  cases  reconvertiHl  into  the  original  cotton-wool. 

Gun-cotton  is  a remarkably  stable  substance,  but  nevertheless  appears  under  certain 
ciixrumstanccs  to  undergo  a slow  sjKmtaneoiis  decomjx>sitiou.  It  has  been  siorcni  iu 
Austria  for  twelve  years  in  wootlen  Iwxes  without  exhibiting  any  sign  of  alteration ; mid 
some  that  was  taken  to  Italy  in  1859,  and  throim  aside  where  it  was  ex[‘os<Hl  for  a 
long  time  to  a Iiot  sun  in  black  l»oxe8,  was  afterwards  found  unaltered.  Some  varieties 
of  gun-cotton,  however,  when  enclosed  together  with  litmus-paper  in  a tube,  exhibit  an 
Bcid  reaction  even  at  ordinary  terapeniturcs.  The  more  completely  tho  fn>e  acid  has 
been  removed,  the  less  does  the  gnn-cotton  appear  to  be  liable  to  spontaneous  decom- 
fiosition  either  slow  or  sudden;  and  in  this,  accor<ling  to  some  authorities,  consists  tho 
advantage  of  washing  the  gun-cotton  with  an  ulkaliue  solution  or  impregnating  it  with 
soluble  glass.  (See  Gmelin’s xv.  176;  Chanical  i.  [4]  600 ; Jilso 

Melscnp,  Bull.  Soc.  Chim.  1865,  i.  36.) 

Gun-cotton  prepared  by  link’s  process  is  not  liable  to  explosion  by  iiercnssiou  ; it 
may  detonate  U'tween  iron  and  iron  if  n heavy  blow  he  struck,  but  only  that  jvart 
explodes  which  was  hit,  without  communicating  ignition  to  the  surrounding  particles. 
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If  a heavy  blow  be  Ftniek  on  gun-cotton  with  an  iron  hammer  upon  bronze  or  any 
other  (>impdratively  soft  mt  tal,  or  upon  atone,  no  detouution  takea  place.  Otto  found, 
oil  the  oth»*r  hand,  that  pyroxylin  prepartsl  with  nitric  acid  alone,  explodes  like  fulmi- 
nating mercury  when  struck  with  a hammer. 

The  temperature  at  which  gmi-cotton  explo<lcs  luis  been  very  accurately  determined 
by  von  Ebner,  who  fixes  the  lowest  temj>erature  at  136®  C.  (277®  Fahrenheit); 

but  the  heat  required  is  usually  stated  to  be  greater  than  this.  According  to  Melsens 
gun-cotton  which  has  been  washinl  w*irhs'jda  and  n*tains  a small  quantity  of  the  alkali, 
<i<H»s  not  explode  till  heated  to  180®,  and  simihir  observations  have  l^en  made  by 
l‘ayen,  rdouze,  Piobert,  Van  Kerckhoff  and  others. 

On  explosion,  g^m-cotton  is  almost  entirely  resolved  into  gam*s,  heaving  only  about  1 
{>er  cent,  of  nattmvl  mineral  constituents,  the  small  amount  of  silica,  if  it  has  been  sili- 
cated,  and  possibly  a trace  of  carbon. 

Lieutenant  Van  Karolyi  (Phil.  Mag.  [4]  xxvi.  272)  has  fuPy  investigated  tho 
pro«lucts  of  the  combustion  of  gun-cotton  and  gunjiowder,  umler  circumstances  analo- 
gous to  those  which  occur  in  pnctice.  In  his  first  experiments,  he  exploded  the 
gun-cotton  in  a Torricellian  vacuum,  made  in  a eudiometer  about  a metn*  in  length, 
across  which  was  drawn  u very  thin  platinum  wire,  that  could  be  ignited  by  a g>il- 
vauic  battery.  Tho  gases  were  analysed  in  tho  usual  manner,  with  the  following 
results : 


Carbonic  oxide 

By  volume. 

28-55 

By  wrifftit, 

28-92 

Carl>onic  anljydride  , 

19-11 

30-43 

3Iar»h  gu-s 

11-17 

6-47 

Nitric  oxide 

8-83 

9 59 

Nitrogem  . 

8-56 

8-71 

C^rlx>n  . 

1-85 

1-60 

Aque*ous  vapour 

21-93 

14-28 

100-00 

100-00 

It  was  found  that,  on  exploding  asomcwliat  lai^er  qiinntity  of  gun-cotton  under  the 
same  circumstances,  when  therefore  the  combustion  takes  place  under  comparatively 
gwater  pressure,  tlie  prr>j)orlional  quantities  of  the  products  change,  an»l  the  quantity 
of  nitric  oxide  diminishes.  Hence  the  deoxkhition  of  tho  uitit^en-compouiuls  during 
the  combustion  takes  place  more  completely,  the  greater  the  work  which  the  gun-cotton 
has  to  perf«.»rm  while  explcHling.  This  circumslauc*'  suggi-steil  to  Karolyi  tho  idea  of 
exf*using  the  gun-cotton  during  its  combustion  to  a resistance  so  regulateil  that  it  just 
gives  way  at  tho  moment  when  tho  gun-cotton  is  completely  burnt.  He  therefore 
placi  d a vessel  filled  with  gun-cotton,  which  offered  tho  necessary  resistance,  in  a sixty- 
pound  mortar,  which  was  tlten  exhausbd.  and  the  gun-cotton  was  explodeil  by  a thiu 
platinum-wire  bcateii  to  reduj*^®  by  the  electric  current.  An  analysis  of  the  g-.oies  pro- 
duced under  these  circumsUinees  gave  tho  following  numbers ; 


Carlx)uie  oxide 
Carbonic  anhydride 
Marsh  gas 
Hydrogen 
Nitrogen  . 

Carbon  . 

Aqui'ous  vapour 


By  volume. 
28-95 
20-82 
7-24 
3-10 
12-67 
I 82 
25-34 


By  weight. 

29-97 
33-86 
4-28 
0-24 
13-16 
1 62 
16-87 


10000  100-00 

It  will  be  observed  that  iu  this  latter  cose,  which  i.s  analogous  to  what  takes  place 
in  pr<ictice,  no  nitric  oxide  is  formed,  but  a certain  amount  of  hydrogen,  tuid  a larger 
proportion  of  nitrogen  and  aqutK>us  vapour.  When  exploded  in  this  mnnmr,  10 
grammes  of  guu-cotton  was  found  to  yield  67'40  cubic  centimetres  of  gas,  at  0®  C.  and 
i metro  pressure.  These  gas4*s  are  combustible,  on  account  of  the  largo  quantity  of 
carbonic  oxide  they  contain. 

For  the  results  obtained  by  Karolyi  from  gunpowder  burnt  in  a similar  manner,  see 
ii.  958,  959. 

Abel  (Proc.  Roy.  Soc.  xiii.  204)  has  made  a series  of  ingenious  experiments  on  the 
combustion  of  gun-cotton.  He  finds  that  when  quantities  of  gun-cotton,  vjirying  fnjm 
one  to  two  grains,  iu  the  form  of  a Icnvso  twist  laid  double,  an*  igniu-d  by  means  of  a 
phktinum  win*  in  highly  rarefied  atmospheres,  they  burn  very  slowly,  presenting  by 
diiyiight  au  apfK*arauce  as  if  they  smouldereil.  The  pn^sun*  m the  caw  4bscribe«l 
must  not  exceed  8 ioches  of  mercury ; but  the  nirefacUon  necessary  for  the  result 
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varies  with  the  qaantitj  of  gun-cotton,  its  mechanical  condition,  its  position  with  refer- 
ence to  the  source  of  heat,  the  quantity  of  heat  applied,  and  the  duration  of  its  application. 

Gun-cotton,  when  ignited  in  small  quantities  in  rarefied  atmospheres,  may  exhibit, 
during  its  combustion,  three  distinct  luminous  phenomena.  In  the  most  highly  rare- 
fied atmospheres,  the  only  indication  of  combustion  is  a beautiful  green  glow,  or  phos- 
phorescence, which  surrounds  the  extremity  of  the  gun-cotton  as  it  Ls  slowly  truns- 
formal  into  gases  or  vapoum.  When  the  pressure  of  the  atmosphere  is  increas<^l  to 
one  inch  (with  the  proportion  of  gun  cotton  indicated),  a faint  yellow  fiamo  appears  at 
H short  distance  from  the  point  of  decomposition ; and  as  the  pressure  is  inort'ased, 
this  pale  yellow  flame  increases  in  size,  and  eventually  appears  quite  to  obliterate  the 
green  light.  I^tly,  when  the  pressure  of  the  atmosphere  and  consequent  proportion 
of  the  oxygen  in  the  confined  space  is  considerable,  the  cotton  burns  with  the  ordinary 
bright  yellow  flame.  There  can  be  no  doubt  that  this  final  result  is  due  to  the  almost 
instantaneous  secondary  combustion,  in  the  air  supplied,  of  the  inflammable  gas^rs 
evolved  by  the  explosion  of  the  gun-cotton.  The  pale  yellow  flame  will  tak«‘  place  in 
randod  nitrogen. 

In  a series  of  experiments  made  under  gradually  diminished  pressures,  oxygen  being 
use<l  instead  of  air,  it  was  found  that  the  gun-cotton  exploded  instantaneously,  with  a 
bright  flash,  until  the  pressure*  was  reduced  to  12  inch  ; from  this  pressure  to  that  of 
0 8 inch  it  still  burned  with  a flash,  but  not  instantaneously ; and  at  pressures  below 
0*8  inch  it  no  longer  burned  with  a bright  flash,  but  exliibited  the  comparatively  slow 
combustion,  accompanied  by  the  pale  yellow  flume.  In  atmosphere's  of  ciirl>onie 
anhydride,  carbonic  oxide,  hydrogen,  and  coal-gas,  this  pale  yellow  flume  is  seen  as  in 
nitrogen  ; but  the  two  latter  gases  have  a gre»it  tendency  to  extinguish  the  combustion, 
doubtless  on  account  of  their  high  cooling  powers  by  convection. 

The  slow  kind  of  combustion  of  gun-cotton,  in  the  form  of  twist,  may  be  obtained 
also  in  a powerful  current  of  atmospheric  air,  if  the  thread  of  cotton  be  place«i  iu  a 
somewhat  narrow  glass  tube.  Indeed,  it  was  found  that  if,  even  for  tlie  briefest  space 
of  time,  the  gases  resulting  from  the  first  action  of  heat  on  gun-cotton  upon  its  ignition 
in  open  uir  are  imped<*d  from  completely  enveloping  the  burning  extremity  of  the  gun- 
cotton twist,  their  ignition  is  prevented,  and  the  gun-cotton  continues  to  burn  in 
the  slow  and  imperfect  manner,  undergoing  a transformation  similar  in  character  to 
destructive  distillation.  By  proper  arrangements,  these  gases  may  be  burnt  at  the 
mouth  of  a tube  while  the  gun-cotton  is  burning  in  the  interior.  There  is  little  doubt 
that  these  products  of  decomposition  vary  as  greatly  as  the  phenomena  themselves : 
thus,  in  the  instances  of  the  most  imperfect  metamorphosis  of  gun-cotton,  the  products 
included  a considerable  pro|>ortio!i  of  a white  vapour,  slowly  dissolved  by  wjiter,  as 
also  small  quantities  of  nitrou.<<  acid,  and  a very  large  proportion  of  nitric  oxide; 
cyanogen,  too,  is  always  found.  This  contrasts  greatly  with  the  simpler  products  of 
decomposition  found  by  Karolyi  when  the  gun-cotton  wjis  exploded  under  the  pressure 
of  a confined  space. 

Abel  considers  that  the  remarkable  facility  with  which  the  combustion  of  gun- 
cotton in  air  or  other  gases  may  be  modified,  might  be  taken  advantage  of  to  produce 
a variety  of  mechanic^  effects;  and  he  states,  that  by  enclosing  in  suitable  cases  solid 
cords  made  up  of  two  or  more  strands  of  gun-cotton,  more  or  less  compactly  twistt'd, 
ho  has  Bucceciled  in  producing  fuses  and  slow-matches,  the  time  of  burning  of  which 
may  be  accurately  regulated. 

Prcietical  Application  to  Gunnery. — Gnn-cotton  is  used  fur  artilh  ry  in  the  form  of 
thread  or  spun-yam.  In  this  simple  form  it  will  conduct  combustion  slowly  in  the 
open  air  at  the  rate  of  not  more  than  1 foot  per  sec<jnd.  This  thread  is  wc>ven  into  a 
texture  or  circular  web.  These  webs  are  made  of  various  diameters;  and  from  tliem 
common  rifle  cartridges  are  made,  merely  by  cutting  them  into  the  pn>p«*r  lengths, 
and  enclosing  them  in  stiff  cylinders  of  pastebcwird,  which  form  the  cartridge.  In  this 
shape  its  combustion  in  the  open  air  takes  place  at  a speed  of  10  feet  per  second. 

The  g\m-cotton  yam  is  used  directly  to  form  cartridges  for  large  guns,  by  In'ing 
wound  round  a bobbin,  so  as  to  form  a spindle  like  that  used  in  spinning  mills.  The 
bobbin  is  a hollow  tube  of  paper  or  wood.  The  object  of  the  wooden , rod  is  to 
secure  in  all  cases  the  necessary  length  of  chamber  rt*quircd  for  the  most  eflfective 
explosion.  (For  figures  see  Chemical  7'echnology,  i.  [4]  506.) 

Practically,  gun-cotton  is  most  effective  in  guns  when  used  as  to  J weight  of  powder, 
andoccupyingaspace  of  ^-^ths  of  the  length  of  the  powder-cartridge,  and  of  such  density 
that  1 1 lbs,  occupy  a cubic  foot. 

Lsnk’s  gun-cotton,  when  used  as  a substitute  for  powder,  is  found  to  possess  the  fol- 
lowing advantages : 1.  Greater  safety  during  the*  manufacture.— 2.  The  possibility  of 
keeping  it  under  water  at  any  time,  or  of  immersing  it  on  any  sudden  emergency, 
without  damaging  it. — 3.  Its  being  uninjured  by  damp. — 4.  Easier  and  safer  convey- 
ance, inasmuch  as  one  ton  of  gun-(x»ttou  docs  the  work  of  at  least  three  tuns  of 
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gunpowder ; and  there  is  no  fear  of  the  dangerous  “getting  to  dxist,"  and  spilling. — 
f).  The  force  of  its  explosion  can  be  regulated  so  os  to  produce  various  results 
desired.  According  to  its  mechanical  condition,  it  may  be  made  to  liave  any  speed  of 
explosion,  from  I foot  per  second  to  I foot  in  ^7^^^  of  a second,  or  to  instantnneity. 
The  instantiiueous  explosion  of  a lajge  quantity  of  gun-cotton  is  made  use  of  when  it 
is  requircil  to  produce  destructive  effects  on  the  surrounding  material;  the  slow 
combustion,  when  it  is  required  to  produce  manageable  power,  as  in  the  case  of 
gunnery. — 6.  It  leaves  no  residue  in  tlie  gun  on  explosion. — 7.  It  pixxluces  no  smoke.— 
8.  The  gases  producedon  explosion  are  less  injurious  to  the  gun,  and  to  the  men  serving 
it. — 9.  It  dot‘s  not  heat  the  gun  so  much. — 10.  It  produces  smallerrc-coil,  only  two* 
thinls  of  that  from  gunpowder,  the  projwtile  effect  being  equal.  This  depends  probably 
to  a certJiin  extent  on  the  solid  residue  of  exploded  gunpowder  having  to  bo  projected 
iu  addition  to  the  shot,  and,  as  is  generally  thought,  at  much  higher  speed.  The 
remainder,  General  Von  Ixnk  attributes  to  a different  law  of  combustion.  On  account 
of  the  smallness  of  recoil,  a lighter  and  shorter  gun  may  be  oniploye<i. 

On  the  other  hand,  gun-cotton  lias  some  disadvantages  as  comjwired  with  gunpowder. 

1.  It  is  susp<*cted  of  being  liable  to  s|>ontaneous  decomposition  under  certain  un- 
known circumstances. — 2.  It  ignites  at  a lower  temperature, — 3.  For  use  in  guns,  it 
iNHjuires  greater  care  and  prt'cision  in  the  manufacture  of  the  cartridge,  lest  its  great 
power  should  Ik*  exerted  in  rending  the  pie«'C,  ruther  tlian  propelling  the  ball. 

Apj^lication  to  other  .ViV/Y/iry  Purposrjf, — However  suitable  giin-cotton  may  seem  to 
be  Mi  a source  of  projectile  power,  it  is  still  better  adapted  to  other  purposes  for  which 
an  explohirc  is  rt*quircd.  IndeiA,  its  capability  of  instantaneous  expliaiion  enables  it 
to  pTtorm  easily  some  descriptions  of  work,  which  gunpowder  could  scarcely,  if  at  all, 
accomplish. 

The  condition  necessaiy  to  produce  instantaneous  and  complete  explosion,  is  the 
absolute  perfection  of  closeness  of  the  chamber  containing  the  gun-cotton.  The  reason 
of  this  is,  that  the  first  ignited  gases  must  penctmto  the  whole  moss  of  the  cotton ; and 
this  thej'  do,  and  create  complete  ignition  throughout,  only  under  pressure. 

For  JuM-s,  gun-cotton  is  woven  into  a web,  steeped  in  saltpetre,  and  covered  with  an 
Indian-rul*bcr  jacket.  The  combustion  of  this  takes  place  at  about  30  feet  per  second, 
and  produces  a sharp  nois^-,  heating  but  not  tearing  iJic  jiicket.  Such  a fuse  will  fire 
although  a considerabb*  weight  be  placed  upon  it,  and  it  may  be  doubled  up  without 
fear  of  tlie  hre  communicating  from  fold  to  fold.  If  ordinary  gun-cotton  thread  be 
fired,  ignition  takes  place  at  the  rate  of  only  aliout  one  foot  per  second. 

iShi'l/jt  with  holes  are  easily  filled  with  gun-cotton  web,  anuprojectilt^  that  open  may 
be  cliaiged  with  compressed  gun-cotton.  In  this  way  a much  latter  amount  of  force 
limy  be  stored  up  in  the  shell  than  with  gunpowder ; consc*quently  it  bursts  into  double 
the  iiumlK*rof  piece.s;  and  it  is  said  that  the  stronger  the  shell,  the  smaller  are  the 
fragniints  into  which  it  is  bn>keu.  “It  is  a well-known  fact,  that  a bag  of  gunpowder 
nailed  on  the  gates  of  a city  will  blow  them  open.  In  this  case  gun-cotton  would  fail ; 
a bag  of  gun-<*otton  explodetl  in  the  same  way  is  powerless.  To  blow  up  the  gates  of 
a city,  a veiy  few  {x/unds  of  gun-cotton  earned  in  the  hand  of  a single  man  will  be 
Hiifficicut : only  he  must  know  its  nature: — in  a bag,  it  is  harmless;  exploded  in  a 
l»ox  it  will  shatter  the  gates  to  atoms."  A small  box  containing  gun-cotton,  merely 
flung  down  close  to  palisades,  and  exploded  by  a galvanic  battery  or  a fuse,  will  open 
a passage  for  troojw. 

The  same  force  has  been  applied  to  the  destruction  of  bridges.  “A  strong  bridge 
of  oak,  12  inches  scantling,  24  feet  span,  was  shattered  to  atoms  by  a small  box  of 
25  lbs.  laid  on  its  centre  : the  bridge  was  not  broken,  it  was  shivered." 

For  militaiy*  mining  the  gun-cotton  charge  is  placed  in  little  barrels  with  strong 
boof's. 

The  effect  of  gun-cotton,  when  exploded  under  wafer,  is  very  remarkable.  The 
action  Is  so  instantaneous  that  the  water  has  no  time  to  yield,  and  thug  it  is  unneces- 
enry  to  place  the  charge  in  contact  with  the  body  to  be  ucstroyed,  as  U said  to  be  the 
case  when  gunpowder  is  used.  “Two  tiers  of  piles,  10  indues  thick,  in  water  13  feet 
deep,  with  stones  between  them,  weni  blown  up  by  a barrel  of  100  ll»,  of  gun-cotton 
placed  3 fe»*t  from  the  face  and  8 feet  under  water.  It  made  a clean  sweep  through  a 
radius  of  15  feet,  and  raisinl  the  water  200  fi-et  The  iron  anchor  used  to  keep  the 
box  in  (Position  was  found  broken  across.  At  the  closo  of  the  Italian  campaign,  iM^me 
experiments  on  ships  were  'made  at  Wnice,  in  the  presence  of  the  Emperor  of  Austria. 
In  one  of  these,  a barrel  of  400  lbs  weight  was  placed  near  a sloop  in  10  feet  of  water, 
the  nearest  piirt  of  the  hull  of  the  vessel  being  about  18  feet  distant ; yet  the  sloop 
was  broken  to  pieces,  and  these  were  hurled  into  the  air  to  the  height  of  400  feet. 
This  kind  of  explosion  is  attcndcKl  with  terrific  noise.  It  was  observ^  that  the  fishes, 
for  perhaps  half  a mile  round,  wt-re  stiinnt*d,  and  floated  on  the  surface.  They  recovered 
after  awhile,  but  not  till  many  had  been  picked  up  by  hand." 
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Application  to  Jlloating. — Gun-cotton  thread  is  spun  into  ropes  in  the  usual  way, 
up  to  two  inches  diameter,  hollow  in  the  centre.  This  is  the  form  used  for  blasting 
and  mining  purposes ; it  combines  great  density  with  speedy  explosion,  and  in  this  form 
the  gun-cotton  is  conreniently  «»iled  in  casks  and  stow<Kl  in  lx>xes.  The  fact  lluit  the 
action  of  gun-cotton  is  violent  and  rapid  in  exact  proportion  to  the  resistance  it  en- 
counters, tells  us  the  sr^cret  of  its  far  higher  efficacy  in  mining  than  gunpowde  r.  The 
stronger  the  rock,  the  less  gnn-cotton,  comparatively  with  gunpowder,  is  necessary  for  the 
efl'eet  ; w>  much  so,  that  while  gun-cotton  is  stronger  than  jK3wder  as  3 to  1 iu  artillery, 
it  is  stronger  in  the  prop<,»rtion  of  6*274  to  1 in  a strong  and  solid  rock,  weight  for 
weight.  Its  power  of  splitting  up  the  material  can  be  regulated  at  will.  As  it  is  not 
liable  to  be  spill  al>out  l»y  the  miners  like  powder,  there  is  less  danger  of  occidental 
explosion.  The  absence  of  smoko  in  its  explosion,  also,  conduces  to  the  comfort  of 
the  workmen. 

Pyroxylin  for  the  preparation  of  CollodUm. 

It  hu9  iiln*ady  Wen  state<l  that  the  highest  nitro-substitution  product  of  cotton, 
namely  trinitrocelhilose,  C*IP(N0*)*0*,  doiis  not  dissolve  in  a mixture  of  ether  and 
aloihnl,  but  that  the  lower  compoundN  are  capable  of  doing  so.  It  is  these  comjyiunda, 
therefore,  that  an*  alone  urailable  for  making  that  solution  of  gun-cotton,  which  is 
known  by  the  name  of  collo<lion.  They  areprotluced  when  weaker  ad<ls  are  employe<l, 
or  when  the  prei'Hutions  mentioned  above  in  the  prt'paration  of  Leuk's  gun-cotton  are 
not  observed  (p.  779). 

Tliese  lower  nitro-substitution  products  of  eellubjso  do  not  resemble  the  original 
cotton  in  appearanee  so  closely  as  the  highest  compound  does ; for  they  show  more 
signs  of  the  action  of  the  acid  on  the  fibre.  Indeed,  there  is  at  least  one  comjKmnd 
which  is  soluble  in  nitric  acid,  whether  fuming  or  of  ns  low  a Fjx  cific  gravity  as  1*25, 
and  mil}’  be  precipitated  as  a granular  powder  on  the  addition  of  water. 

They  explode  at  a lower  temperature  than  trinifrocellulose,  but  this  temperaturo 
depends  both  u|ion  the  nature  of  the  compound  and  the  manner  in  which  the  bent  is 
applied.  A long-continued  lieat  will  explode  a mass  of  such  pyroxylin  which  at  fij>t 
was  not  set  on  fire;  and  there  can  be  liitle  doubt  that  under  such  circumstances  it  may 
be  explocbnl  at  a temi^ntture  veiy*  little  excc»“ding  that  of  boiling  water;  indeed,  much 
lower  temperatures  liavc  been  mentioned  bv  some  obseners. 

These  lower  compounds,  when  exploded,  leave  a certain  amount  of  carlxmaccous 
residue. 

All  these  substitution-products  dissolve  in  strong  sulphuric  acid,  but  a solution  of 
cotton-xyloidin.  in  that  acid,  is  charred  at  as  low  a teinp<*rature  as 

180“  I'ahr»'nheit. 

These  lower  compounds  are  liable  to  spontaneous  decompoksition,  which  takes  place 
very  slowly  at  first,  but  when  it  has  reached  a certain  point,  perhaps  aft^'r  the  lapse 
of  several  years,  the  action  b«*comes  much  more  rupid.  The  spontaneous  explosions 
which  have  sometimes  taken  place  with  ill-prepared  gun-cotton,  rnuy  with  gnat 
probability  be  attributed  to  the  presence  of  these  lower  compounds.  It  does  not 
appear  to  be  proved  that  any  pyroxylin  ever  without  extnineous  lieat.  Light 

certainly  favours  this  dcoompoHjtion,  but  is  not  indispensable,  for  it  is  on  record,  that 
pyro.tylin  stowed  away  in  casks  has  evolved  a choking  smell  after  some  months.  The 
usual  progress  of  decomposition  is  of  this  oharaetor:-  the  pyroxylin  Wgins  to  emit  a 
peculiar  o<lour,  rather  agn*eable  than  otherwi.se;  the  gas  increa.ses,  perhaps  driving 
out  the*  stopper,  if  the  pyroxylin  be  contained  in  a stopp<-rcd  l>ottle ; the  cotton  l»ecomefl 
damp,  anil  ahriiiks  toge{her;  and,  as  d»*compo»ition  goes  on.  the  fibre  disappears,  and 
there  r«  maius  a gummy  mass,  probaldy  interspersed  with  crystals.  The  gases  include 
nitric  oxide,  and  appan*nlly,  in  some  cases,  prussic  acid.  The  crystals  consist  of 
oxalic  acid,  and  the  residue  is  a mixture  of  products  con.sisting  of  water,  nitric  acid, 
and  several  organic  acids  not  always  soluble  in  water. 

The  pyroxylin  uschI  for  the  preparatitin  of  collodion  is  not  a definite  compound,  but  a 
mixture  of  two  or  more  varieties  of  nitrocellulose.  It  may  be  prrparetl  by  treating 
cotton-wool  either  with  oil  of  vitriol  and  nitrate  of  potassium,  or  with  a mixture  of  strong 
nitric  and  sulphuric  acids.  In  the  formiT  case,  60  grains  of  cotton-wooI  pulled  out  into 
Bcpanite  bulls  of  alxmt  the  size  of  a walnut,  is  immersed  in  a mixture  of  6 fluid  ounces 
of  oil  of  vitriol,  ox.  (avoinl.)  of  dried  saltj»etrt\  and  1 fluid  ounce  of  water.  The 
fxOton  must  be  well  stirrHl  about  in  the  liquid,  kept  at  the  femperatun*  of  140®  Fah. 
for  alnnit  two  minutes,  then  suddenly  thn»wn  into  cold  water,  and  briskly  mov«*d  alx>ut 
till  thoroughly  witshed.  M'hen  nitn»snlpliuric  acid  is  uwd.  larger  quantitie.s  may  Ik> 
operatid  upon  at  once:  viz.  400  grains  of  cotton-wool,  6 fluid  ounces  of  nitric  acid  of 
HjM  cific  gravity  1*45.  18  fluid  ounces  of  oil  of  vitriol  of  sj>eeific  gravily  1 84.  and  4j 
ounces  of  water.  In  this,  as  iu  the  former  case,  very  rapid  washing  is  neces.sary, 
otherwise  sj><jutaneous  decomposition  will  take  place,  attended  with  CYolutiim  of  red 
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fumps.  For  details  of  manipulation  wm)  Ilardwich's  MoiumI  of  Phoit^graphic  Chemistry ; 
also  TechmliHjyfx.  [4]  513.  The  properties  and  uses  of  culloUioii  have  been  already 
described  (i.  1084). 

PTURHXTS  (from  yellow)  is  the  name  piven  by  O.  Kose  to  a mineral 

<rf*curring  at  Mursinsk  in  the  Ural,  in  small  omnpvyellow  octahedrons;  aIm*  by 
Te'<cheiimoher  to  a perfeetly  similar  mineral  from  the  Azores,  which,  according  to 
Hayes,  consists  chiefly  of uiobate  of  ziri»uium.  (Hanu,  ii.  34C.) 

PYRRHOXi.  Syn.  with  Tyurol. 

PTJUIROPZKS.  This  name  was  given  by  Pol  ex  TBerz.  Jahresb.  xix.  433)  to 
an  alkaloid  extracted  by  alcohol  fn>m  the  root  «>f  ChfUdonium  majm,  and  distiuguislnd 
by  forming  red  sparingly  soluble  salts  with  acids.  It  is  doubtless  identical  with 
chclcrylhrino  (i.  847). 

PTRRBORBTZW*  A brown  humus-like  sii1>stnnco  found  by  Forehhnmmer  in 
the  fossil  pine-wood  of  Denmark,  and  regn^led  by  him  as  a humnto  of  Ixdoretin 
(i.  619).  It  is  soluble  in  al(x>hoI,  insoluble  in  ether,  and  when  its  al<x>holic  solution 
is  mixed  with  a Quantity  of  ether,  not  sufRcient  to  pn>duee  a precipitate,  and  ammonia 
then  mldinl,  limuate  (ulmate)  of  ammonium  is  said  to  Ik*  precipitated,  while  boloretia 
remains  in  s^ilution.  The  substance  appears  howev<*r  to  be  mert*ly  a mixture  (Handw. 
d.  Cliem.  vi.  739). 

PTSSKOSXDasrra.  Syn.  with  Gotuitr. 

PTRRHOTXST*  Mjignetic  pyrites.  (Seo  Iron,  Sclphioks  OF,  iii.  401.) 

PTRROXi.  CTI'X.  (Runge,  Pc^.  Ann.  xxxi.67. — Anderson,  Ed. Pliil.  Trans. 
XX.  [2j  247;  xxi.  [4]  571. — Schwnnert,  Ann.  Ch.  Pharm.  cxv.  279.) 

ni.>tory, — Kunge  w.is  the  first  to  observe  that  the  products  of  the  destructive  dis- 
tillation of  coal  Ciinfaiiied  a substance  which  caused  fir-wocnl  moistened  with  hydro- 
chloric acid  to  .assume  a rtnl  c«)lour.  It  is  not  necessarj'  to  moisten  the  wood  with  tho 
licpiid  to  be  tn«**l,  it  is  sufTu  ient  to  hold  it  over  the  liquiil  ormtainiug  the  pyrrol.  Kungu 
considi*re<l  pyrrol  to  he  a gas,  but  he  never  prepannl  it  in  a pur»'  state. 

Formation. — 1.  Pyrrol  ap|>eurs  to  bo  prisluced  in  almost  every  instance  where 
.animal  or  vegetable  matters  containing  nitn>gen  are  subjected  to  de.struetive  distil- 
lation (Or.  Williams). — 2.  It  is  also  produced  in  consi«lerablc  quantity  by  tho 
destructive  distillation  of  mueate  ofammoniuin,  <K*curringasa  product  of  decf>miKisition 
of  the  dipyromucamide  (carbopyrrulaniide)  forme«lin  the  first  stage  of  thedeoomjKisitiou 
(p.  765). — 3.  By  heating  mrlHjpyrrolic  acid,  C^II'NO*,  which  is  r*solvt*d  thereby  into 
pyrrrdaml  carlx>nic  anhydride  (p.  704 

Prrparation.  1.  From  bone-oxl. — The  oil  is  shaken  up  with  dilute  hydrochloric  or 
sulphuric  aci<ls,  and  the  acid  solution  is  distilled.  A |Kjrtion  of  the  pyrrol  is  thereby 
deMlroy<il,  but  the  greater  portion  di.^tils  over  in  an  impure  state.  By  rep**ale<l 
fractional  distillation  it  may  be  obtained  with  a boiling  point  l»etween  132®  and  143®. 
It  is  then  to  be  seveml  times  shaken  up  with  dilute  acids,  to  nmiove  picoline  and  other 
basic  impurities.  After  drying  by  means  of  sticks  of  potassium,  it  is  again  frac- 
tioiiuUy  distill»-<l  until  it  Imils  almust  entirely  between  134®  and  138®.  In  this 
sr^itc  it  giv<*s  toU^nddy  correct  numbers  on  analysis,  but  it  is  still  contaminated  with 
fKjme  impurities  which  give  it  an  offensive  odour.  It  must  therefore  be  cohobated 
over  soliu  liydnite  of  {x>tAs.*«ium  until  little  or  no  liquid  is  seen  to  rise  in  the  cohobat- 
ing  tube,  even  Hlthough  the  bottom  of  the  flask  is  heated  almost  to  redness.  Tho 
cohobating  tulK*  is  then  replaced  by  a lx*Dt  tul>e,  and  all  volatile  matters  are 
distilhsl  away  ; the  residue  in  the  flask  is  pouri'd  out  on  to  a metal  plate  and  allowcsl 
to  cool ; and  the  compound  of  pyrrol  with  potash  is  <leeomjM)»t?d  with  water,  when  the 
pure  pvnH.»l  will  rise  to  the  surfjuo)  in  the  fonn  of  a fmgrjint  colourless  oil,  which 
may  K*  drhtl  by  digi*stion  with  sticks  of  potash.  On  rectification  the  pure  pyrrol  will 
come  over  steadily  at  133®.  (Anderson.) 

2.  Fn»in  mueate  of  ammonium. — When  this  b.iU  in  the  state  of  dry  powder  is 
distilhsl,  ciystals  of  earlxinate  of  ammonium  are  obtained,  ti.)gether  witli  an  nqmnms 
solution  of  carlH>pyrn»lamide  and  a bmwn  oil  cbi<fly  c*>n«isting  of  pyrrol  fl««ating 
there<in;  nod  by  Wiusliing  this  oil  with  wafer,  dehydrating  it  with  solid  pot:i.sh  and 
rectifying  it  after  standing  over  chloride  of  calcium,  tho  pyrnd  is  chtaiiunl  pure.  This 
is  a iiiucfi  easier  mmle  of  preparation  than  the  former.  Carl>opyrrr)lic  arid  (p.  761) 
do«*s  m>t  yield  jmre  pyrrol  quite  so  citsily,  Iwoause  a portion  of  it  sublimes  undci'ompwed. 
(Sch  Wrtiiert.) 

Projhrto’s. — (’olourlefu*  transparent  liquid  of  delightfully  fragrant  resembling 

clilon)form,  but  softer  and  less  punp-nt.  Boils  at  133®.  Tastes  hot  .and  pungent. 
S].aringly  soluble  in  unttr,  but  is  rea<lily  soluble  in  alcvhoff  f/Acr,  and  oils.  liiKilublc 
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ID  alkaline  solutions;  diasolves,  but  not  readily,  in  addi.  Specific  gravity  of  liquid 
1*077,  of  vapour  2*40. 

Ikcompositionti. — 1.  Colourli*«a  pyrrol  soon  becomes  brown  by  keeping;  it  may, 
however,  alwavs  bo  re-obtained  colourless  by  distillation.  2.  A ^iece  of  fir-wood 
moistened  with  hydrochloric  acid  rapidly  acquires  an  intense  carmine  colour  when 
exposed  to  even  the  minutest  traces  of  pyrrol  vapour.  One  drop  of  pyrrol  will  confer 
upon  the  air  of  a lai^e  jarthe  power  of  giving  this  reaction.  3.  When  agitated  with 
dilute  acid^  in  the  cold,  pyrrol  dissolves  unchanged,  but,  on  heating  the  solution,  a red 
flocculent  substance  callAi  pyrrol-red  («t/ra.),  is  formed  in  such  quantity  that  the 
vessel  may  be  inverted  without  the  contents  escaping. — 4.  Solution  {iiplatuiic  chloride 
added  to  a cold  hydrochloric  solution  of  pyrrol  causes  the  solution  to  become  instantly 
dark  coloured,  and  in  a few  minutes  an  abundant  black  precipitate,  containing  phitinum, 
but  of  indefinite  composition,  is  deposited. — 6.  Solution  firric  chloride  causes  the 
hydrochloric  solution  of  pyrrol  to  become  first  green  and  then  black. — 6.  Du'hromate 
of  also  decompo.ses  a similar  solution  with  formation  of  an  abundant  black 

precipitate. — 7.  Pyrrol  is  rapidly  oxidised  by  nitric  acid,  red  fiimes  arc  given  off,  and, 
if  the  action  is  prolonged,  oxalic  acid  is  formed. 

8.  Alcoholic  sfdution  of  pyrrol  gives  a whiU'  precipitate  with  mercuric  chloride,  and 
also  with  chloride  of  cadmium,  but  it  does  not  precipitate  the  metallic  oxides 
generally. 

The  mcrcnry-8olt,  C‘H*N.2Hg"Cl*.  is  a white  crystaJlinc  powder  insoluble  in  water, 
ymringly  soluble  in  cold  alcohol:  the  solution  is  probably  decomposed  on  boiling. — 
The  cadmiim'salt,  4C*H*N.3Cd'’Cl*,  is  a white  crystalline  i-owder  insoluble  in  water, 
but  readily  soluble  in  hydrochloric  ucid. 

Pyrrol  does  not  form  any  definite  compounds  with  acids,  although  it  is  decidedly 
basic.  At  a red  heat  it  unites  with  hydrate  of  potassium,  but  the  compound  is  decom- 
posed by  more  solution  in  water.  C.  G.  W. 

pnjlOXi-aBlI.  When  pyrrol  is  warmed  or  boiled  with  excess  of 

sulphuric  or  hydrochloric  acid,  this  substance  separates  in  amorphous  orange-red  or 
brown  flocks,  the  colour  of  which  is  darker,  in  proportion  as  the  action  of  the  acid  has 
been  longer  continued.  It  is  also  produced  when  carbopyrrolic  acid  or  its  barium-salt 
is  heated  to  60®  or  above  with  acids,  the  carbopyrrolic  acid  being  thereby  resolved  into 
carbonic  anhydride  and  pyrrol,  a portion  of  which  is  then  converted  into  pyrrol-red  as 
above. 

Pyrrol-red  is  insoluble  in  water  and  in  ether,  but  somewhat  soluble  iu  hot  alcohol ; 
insoluble  in  acids  and  in  alkalis.  Anderson  found  it  to  contain  71  *98  per  cent,  carbon, 
6*88  hydrogen,  13*59  nitrogen  and  7*65  oxygen,  agreeing  nearly  with  the  above  formula 
which  requires  71*28  C,  6*93  II,  13*86  N,  and  7*93  0.  Schwanert  found  in  pyrrol-red 
from  carlwpyrrolic  acid,  proportions  of  carbon  and  nitrogen  smaller  than  these.  Ac- 
cording to  Anderson’s  formula,  the  formation  of  pyrrol-red  from  p^irol  may  be  represented 
by  the  equation, 

3C*H»N  + H*0  - C'^H'^NK)  NIP. 

PYJIU  VZC  ACZ1>.  Syo.  with  Ptbobacexic  Acid  (p.  769). 
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IfXOBXiniiC.  Th«'  r«'o»'nt  inroiati^ntionH  of  Marignao  (Compt.  reml.  lx.  234, 
135.) ; Ann.  CU.  PImrni.  cxxxv.  4‘.) ; cxxxvi.  29  ; /Vivhiv<*8  d«»  Sci«‘inv8  physupu’s  el 
iNitur**lleH,  xxiii.  27H),  iiml  of  IK’ v il le  ami  Troow t (Conipt.  rond.  lx.  1221  ; Ann.  Ch. 
Pliarm.  cTcxxvi.  249),  luivr  thromi  an  entirely  n**w  ligbl  on  tin*  «Hjii»hlutk»n  of  tbo 
iiiobiam-<x>m{)Oiind*'.  The  princijnil  rcHulte  of  thosi'i  investigaliona  ar<^  h»  fullnwa: 

1.  There  U but  one  oxide  of  niobium,  namely  that  callotl  k^poniohic  acid  by  Hoae, 
nioftow  oxide  in  thin  work  (p.  .53).  The  formula  of  this  oxide,  desigoateil  by  Marignae 
aa  niobic  acid,  is  NhH)\  Roee’a  niobic  (originally  pelopic)  acid,  NbO*,  wa«  a mixiure 
of  this  compOQiid  with  tuntaiic  acid,  having  been  pre{)ar^  from  columbitca  containing 
tantalum  as  well  ]is  niobium. 

Marignac,by  treuliug  the  .lo-callod  h^-poniobic  acid  obtained  from  Greenland  colum* 
bite  (specific  gravity  = 6‘3G)  with  hydrofluoric  acid,  and  neutralising  tin*  resulting 
fluoride  with  potash,  obtained  a lluoxyniol)ate  of  potassium,  2KE.NbOh*",  without  any 
trace  of  tantafum-sjili ; but  on  rc{H.‘ating  the  experiment  with  columbite  from  Hmldam 
in  Connecticut  (spswific  gravity  = 5 85),  aud  from  Uodenmais  in  Ihivaria  (specific 
gravity  **  6*06),  he  obtained,  in  addition  to  the  fluoxyniobafe,  n quantity  of  fluutaii- 
Uilute  of  potassium,  greater  as  the  spcviflc  gravity  of  the  columbite  wtu»  higlier.  Now 
as  tlie  Bavarian  columbite  used  by  Hose  in  his  • xperiments  had  a high  spt‘cific  gravity 
( m 6’39),  it  prolmbly  contained  a very  considerable  proportion  of  tmtalie  arid,  so  that 
all  the  compoimds  prepared  from  it  would  contain  tantalum  its  well  as  niobium.  (See 
TairrALUK.) 

Pure  niobic  oxide,  Nb*0*,  has  a specific  gravity  of  4*4 — 4*5.  The  higher  density 
found  by  Rose  (5*2  to  6’6)  wms  due  to  the  pri'senc»^  of  tantalic  oxide.  All  attempts  to 
convert  it  into  a higher  or  lower  oxide  have  bitbeilo  yielded  only'  n4*gaUve  requite.  It.s 
ntomic  weight,  determined  by  Marigimcfrom  the  analysis  of  tlie  fluoxyuiubates  {infra) 
is  268,  and  therefore  that  of  niobium  94. 

2.  The  white  chloride  of  niobium  (Rose's  ht/poftiohic  chharide,  also  called  niof^.ua 
chUyride,  p.  60)  is  an  oxychloride,  NhOCl*  containing,  according  to  the  analyses  of 
Deville  and  Troost,  4 .32  per  ctmt.  niobium,  48  9 chlorine  and  7‘3  oxygen,  the  formula 
requiring  43*3  niobium,  49'4  chlorine  and  7'3  oxygen.  The  vapmr-den.Hity  of  this 
oxychloride,  as  determined  by  experiment,  is  7*9;  calculation  from  the  formula  NbOCl* 

gives X 0 0693  =»  7’5. 


This  compound  is  instantly  converted  by  water  into  niobic  oxide,  Nb*0*. 

The  yellow  chloride  (Rote’s afterwanls  nivhic^  chtt/ride)  obtained  as  de- 
scribed at  page  50  from  pure  niobic  oxide,  is  a pentachloride,  NbCl*.  A n|M»cimeu  pre- 
pared by  Deville  aial  Troost,  wa.s  found  by  Marignac  to  yield,  when  d«x‘ompos4'«l  by 
a<{ueous  ammonia,  65  28  pts.  chlorine  to  49*39  niobic  oxide,  oilculation  ret{uiring 
65*38  chlorine  to  49  35  niobic  oxide.  Its  vapour-density,  according  to  the  lat^-st  d«  ter- 

mination  of  Deville  and  Troost,  is  9*6 ; calculation  gives  ^ ^ x 0 0693  « 


9*4. 

This  chloride,  when  treate<l  with  water,  yields  niobic  oxide,  Nb*0*,  identical  wirh 
that  obtained  from  the  white  oxychloride. 

3.  Niobate*. — These  salts  crystallise  readily  and  in  well-defined  forms.  Miirignac 
has  obtained  several  niobaies  of  ptt/aMium,  l3y  fusing  the  oxide  with  2 or  3 pts.  of 
potassium-carbonato  and  evaporating  the  solution  of  the  fustd  mass  in  a vjicunm.  laiga 
monoclinic  prisms  are  obtained,  containing  4K*0.3Nb*0*.l6H*0,  and  giving  eff  12  at, 
water  at  lOO'^.  This  salt,  when  heated  to  redness,  becomes  partially  insoluble  in  water, 
and  the  solution  yields  by  slow  evapomtion,  pyramidal  monuclinic  crystals  containing 
VoL.  IV.  3E 
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8K*0.7Nb*0*.32lI’0.  A solution  of  either  of  the  preceding  salts  mixed  with  caustic 
potash,  and  slowly  evaporated,  yields  rhomboi’dal  prisms  containing  3K*0.2Nb*O.l  3U*0. 

3K*0  / 

If  the  potash  \ised  contains  soda,  a double  salt  is  formed  containing 

9H*0.  By  boiling  a solution  of  fluoxyniobate  of  potassium  with  acid  cjirbonatc  of 
potassium,  an  acid  niobate  is  ol^tainod,  as  a pulverulent  precipitate  containing 
K*0.3NbW5H*0. 

The  fiiobatfa  of  sodium  are  crystalline  powders  which  decompose  during  washing. 

4.  Fluoxyniohaies. — By  dissolving  niobic  acid  in  hydrofluoric  acid,  an  oxr- 
fluoride  of  niobium  is  obtained,  having  the  composition  NbOF*,  and  forming  aalts 
isoraorphous  with  the  fluotilanates,  fluostunnates,  and  fluotungstates. 

Pota9sium~sah9. — JUarignac  has  obtained  five  of  these  aalts  all  perfectly  crystallised, 
namely : 

a.  2KF.Nb0P.II*0  crystallising  in  monoclinic  laminae. 

3 3KF.NbOF*  „ cuboid  forms  (system  undetermined), 

y.  3KF.HF.NbOF*  „ monocUnic  neetUes. 

i.  6KF.3Xb0F*.H*0  „ hexagonal  prisms. 

«.  4KF.3NbOF*.2lIO  „ triclinic  prisms. 


The  first  of  these  is  perfectly  stable,  remaining  unchanged  after  repeated  solution 
and  crj'stallisiitlon,  and  may  therefore  bo  regarded  as  the  normal  salt.  The  others 
are  pn^uced  by  mixing  the  solution  of  this  normal  salt  with  neutral  or  acid  fluoride 
of  potassium,  or  with  excess  of  niobic  fluoride  ; but  when  either  of  them  is  redissolved 
in  hot  water,  the  first  crop  of  ciystals  deposited  from  the  solution  consists  of  the  nonnal 
fluoxyniobate.  All  these  salts  are  completely  insoluble  in  a saturated  solution  of 
potassic  fluoride. 

Ffuoniohate  of  2KF.N1)F*,  is  easily  obtained  bv  dissolving  the  normal 

fluoxyniobate  in  hydrofluoric  aci<i,  and  separates  in  very  brilliant  acicular  monoclinic 
cnr’srals.  When  flused  with  oxide  of  lead,  it  sustains  no  loss  of  weight,  and  is  therefore 
anhydrous. 

FluoxyniohaUt  of  ammonium.— Marignac  has  obtained  three  of  these  salts,  analogous 
in  form  and  composition  to  the  first,  second,  and  fourth  of  the  potassio  fluoxyniobate# 
above  mentioned;  also  a salt  crystallising  in  rectangular  prisms,  and  having  the  com- 
position NH*F.NbOF». 

A solution  of  the  lamellar  fluoxyniobate  in  excess  of  warm  hydrofluoric  acid,  deposits 
on  cooling,  groups  of  short  prisms  consisting  of  the  salt,  3NH*F.NbF*.M>OF*. 

The  fluoxyniof>ates  of  sodium  have  not  been  obtained  in  definite  form,  but  there  appear 
to  be  two  o^  them,  containing  2NaF.Xb0F*.2H*0  and  NaF.NbOF*.U*0. 

Ftuoxynhbatf  of  Wwc,  Zn"F*.Nb0P.6H*0,  forms  crystals  composed  of  a hexagonal 
prism  and  a rhombohedron.  The  coj>pcr-saUt  Cu"F’.Nb0F*.4H*0,  crystallises  in  mo- 
noclinic  prisms. 


All  these  fluoxyniobates,  with  the  exception  of  one  of  the  potassium-  and  one  of  the 
ammonium-salts,  of  somewhat  complicated  constitution,  have  their  corresponding  terms, 
as  regards  crystalline  form  and  chemical  constitution,  in  the  groups  of  the  fluotitanates, 
fluostunnates,  fluotungstates,  and  fluozirconates,  the  fluorine  and  oxygen  replacing  one 
another  isomorphously ; thus  the  acicular  potassium-salt,  3KF.HF.NbOF", ‘is  iso- 
morphouB  with  fluostannate  of  potassium,  3KF.HF.SnF* ; the  lamellar  ammonium- 
salt,  2NIl*F.NbOF",  with  fluotungstate  of  ammonium,  2NH*F.W0*F*;  the  cubic 
ammonium-salt,  3XH*F.NbOF",  with  flnozirconate  of  ammonium,  3NH*F.ZrF*,  &c. 
It  was  the  isomorphism  of  these  salts  which  first  led  Marignac  to  the  discovery  of  the 
true  constitution  of  the  niobiuin-xompounda. 
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Nitro-naphthalenea 
Sulphuric  derirativea  of  Naphtha 
lene  (a.  Sulpho-nnphthalir  arid) 
Product*  of  oxidation  of  Naphtha- 
lene (s.  Naplithalase,  Napbthesic 
acid.  Naphthulinin). 

ITaea  of  Naphthalene 

Naphthalo-cyanic.  and  Naphthalo-aul 
phocyanic  acids  (a.  Cvanate  and  Sul 
phoc>anate  of  Naphtfiyl.  p.  19). 
Kaphthameine  (a.  Ozynaphtbylamine) 
Naphtbeaic  acid  .... 
Naphthionic  acid  .... 
Napbtholmin  .... 

Naphthyl 

Naphthylamine  .... 

Salts  of  Naphthylamine . 

Bromide  of  Ethyl-naphtbyl-ammo 

nium 

Iodide  of  Methyl-naphthyl-aromo 



Sulpbocyanate  of  Phenyl-naphthyl 
ammonium  .... 
Nsphthyl-carbaroidea  . 
NaphthrMiamines : 

a.  Xaodinaphthyl -diamine 

Cyano-dinaphthyl-diamioe,  or 
Menaphthylamine 
Napblbyl-uxamides  (a.  Oxamide). 


panic 
1 


Ifi 


19 


22 


PAOB 

Naphtbyl-phospbamides  (a,  Pho^pha- 
niide). 

NaDbthyl-sulpho-carhamidea  (aSulpho- 
carbamide^. 

NaphthvUtriaminea: 

s.  Carbo-dinaphthyl-triamine,  or 
Menaphthylamine  . . .22 

fi.  Cvano-menaphth%-lnmine  . . 21 

Naphthyl-urea  (s.  Naplithyl-carba* 
niide). 

Napica  Yellow 
Napoleonite  (a.  Orthoclaae). 

Narceine 

Narreiine 2a 

Namtine 

Narcogenine  . . . 

Narcoieiiie  (a.  Narcetine). 

NanH)(ic  acid . 

Narco  tine  . . 

Salts  of  Narcotine  . . . , 23 

Nanturan  (a.  Pitchblende). 

Natrium  (a.  Sodium). 

Natrocalcile — 

Natrolite  ....  . »jn 

Natron 

Natron-apodamene  (a.  Oligoclaae). 

Nauroannite 

NecUr — 

Needle-ore 

Needle-apar  

Needle-atone  ...  . . ~ 

Nefeline  (a.  Nephelin). 

Nemalite  (a.  Brucile). 

Neoctese  (a.  Scorodite). 

Nculite  . 

Neoplaae 
Neotokite 
Neotyiie. 

Nephelin 
Nephrite 

Nerolif  Oil  or  Essence  of 
Nervous  Tissue  . . 

Neurol  ite 

Newjaunkite  (s.  Iridosmine,  ill.  824 
Nrwkirkile  


Nii'ene  (s.  Chloronicelc  acid, 
Nickel. 

Nickel,  Alloys  of  . . 

Nickel,  Aiitimonide  of 
x 2 


l92!>. 
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Nickel-linmeite  . 

, , 



Nickol-pvrites  . . 

, 

— 

Nickel-vitriol  . • • 

, . 

— 

N icotic  acid .... 

, 

11 

Nicotine  .... 

, , 

— 

Salts  of  Nicotine  . 

, , 

i6 

Methyl-nicotine  . 

, , 

IZ 

F^thyf-nicotiuo 

, . 

48 

Amyl' nicotine  . 

. . 

.. 

Nigellin  .... 

. 

— 

Ni}pic  acid 

Nitrrin 

Nihilum  album  .... 
Ninaiilitase,  Ninaphtese,  Kinaphtiae 
Ninuphthylamino 

Niobito 

Niobium 

Niobium,  Bromides  of . 

Niobium,  Chlorides  cf  . 

Niubous  Chloride  . 

Niobic  Chloride  . 

Niobium,  Detection  and  Estimation  oi 
L Hcactions  .... 

2.  Estimation  and  Separation 
2.  Atomic  . • 

Niobium,  Fluorides  of  . . . 

Niobium,  Nitrides  of  . . . 

Niobium,  Oxides  of  . . . 

Niobous  Oxide  or  Anhydride 
Niobites  of  Potassium  and  So* 
dium  .... 
Niobitc  of  Iron  and  Manganese 
Columbite  . . . 

Niobites  of  Yttrium ; iVryiaom'/e, 
Tyrite,  Brtiyite  . . 

Crano*niobile  of  Yttrium  an< 
Iron : Samnr$kite  . 

Niobic  oxjilc  or  Anhydride  . 
Niobatt  sof  Potaadiim and  Sodh 
NfobatH  of  Calci^mi,  Cerium,  &c. 
]*yrofhhr«  . . • 

Niobium,  Sulphides  of . . . 

Nipbuiite  . . . • • 


PAOB 

Nickel,  Antimonio-snlphide  of  (s.  Nic- 
kel’glanre). 

Nickel,  Arsenate  of  , . , . 86 

Nickel,  Arsenides  of  . . . . — 

Nickel,  Arsenio-sulphide  of  (a  Nickel* 
glauce,  p.  43). 

Nickel,  Bromide  of  . . . 

N ickel,  Carbonate  of  . . 

Nickel,  Chloride  of  . . • 

Nickel,  Detection  and  Estimation  of: 

L Blowpipe  Reactions  . 

2.  Reactions  in  Solution 
2^  Quantitative  Estimation  . 

4^  Separation  from  other  Metals 
fi.  Analyses  of  Nickel-orea  . 

Atomic  Weight  of  Nickel 
Nickel,  Emerald  . • • . 

Nickel,  Fluoride  of  , • 

Nickel,  Iodide  of  .... 

N ickel.  Nitride  of  . . . 

Nickel,  Oxides  of: 

Protoxide  .... 
Sesmiioxide  or  Peroxide 
Nickel,  Oxychloride  of 
Nickel,  f)xygeu-salt.s  of 
Nickel,  Oxyiodide  of  (p.  40). 

Nickel,  Phosphide  of  . 

Nickel,  Stdenidu  of 

Nickel,  Silicate  of  (s.  Pimclite  and  Siti- 


11 


12 


FAOV 

Nithralin  ^ 

Nitracrol 

Nitramarine  (a  Amarine). 

Nilramidin 

Nitranides 

Nitraniline  (a  Phenvlamlnes). 

Nitranisic  acids  (a  Anisic  acid,  L 302). 
Nitraniside  (a  Anise,  Oil  of,  L 20i 
Nitranisidine  (a  Anisidin^  L 
Nitranisol  (a  AnisobL  303). 

Nitrates  (p.  82). 

Nitratin 

N itrnzophonylamine  (a  Phenylamines). 
Nitrazophenyl-citrnconamic  acid,  and 
•citraconamide  (s.  Phenylamines). 

Nitre — 

Nitric  add  (a  Nitrogen,  Oxide  of,  78). 
Nitricnm  (a  Nitrogen). 

Nitrides — 

Nitriles — 

Ni  triad  in  (a  Indio). 

Nitrites  (p.  70). 

Nitro- azobenaene  (a  Azobenzene,  L 
478). 

Nitrobenzamides  (a  Benzamide.L541). 
Nitrobenzanilide  (s.  Phenylamines). 
Nitrobenzanisidide  (a  Anisididc,L  304) 

Nitrobenzenes 52 

Nitrobonzoeue  (a  Benzyl,  Hydride  of, 

L574  >. 

Nitrobenzoic  acids  (a  Benzoic  acid,  L 
455). 

Nitrol^nzonitrilo  (a  BenzonitriJe,  and 
Suluhaniidobenzaminc). 

Nitrobenzoyl,  Peroxide  of  (a  Per* 
oxides  ). 

Nitrobenzene,  or  Nitrobenzophenone  (a 
Benzono,  i.  562). 

Nitrobenzoyl-bcnzoin  ( a.  Benzoin,  L 
660). 

Nitrobromo-phenic,  or  -carbolic  acid 
(s.  Phenol,  Derivatives  oO> 

Nitrobutyronic  acid  (a  Bulyronitric 
acid,  L 698). 

Nitrocalcite 

Nitrocapric  acid — 

Nitrocarbolic  acid  (a  Phenol,  Deriva- 
tives  of). 

Nitrocellulose  (a  Cellolose,  L 819,  and 
Pyroxylin). 

Nitrochlorobenzeoe  (a  Phenyl,  Chloride 

oO« 

Nitrochlorobenzoic  acid  . . . 60 

Nitrochloroniceic  add  and  Nitrochloro- 
oicene  (a  Chloroniceic  add). 

NitrochoHc  add  — 

Nitrochrysene  (a  Chi^sene,  L 958), 

N itrocionamene  (s  Cionamene,  L 983) 
Nitrocinnamic  acid  (a  Cinuamic  add,  L 
988). 

Nitrocionamide  (a  Cinnamide,  L 989). 
Nitrocionanisidide  (i.  304,  989). 
Nitrococcusic  add  ...... 

Nitrocodeine  (a  Codeine,  L 10G8). 
Nitrocoumarin  (a  Coumarin,  ii.  94). 
Nitrocumene  or  Nitrocumol  (a  Cumene, 
ii.  174). 

Xitrocresylic  acid  (a  Cresylic  Alcohol, 
ii.  207). 

Nitrocumenylamine  or  NitrocumhUne 
(s.  Curaenylaminc,  ii.  17C^. 

Nitrocuminic  add  (s.  Cumioic  acid,  i. 
178), 
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Nitrocymeneor  Nitrocymol(8  Cymene, 
iL  2%). 

N'i(nHlrmron«sic  acid  (syn.  with  Nitra- 
uMc  acid). 

Nitro'dicbloropbeaic  acid  (s.  Pbeool, 
Derivatives  of). 

NiUodracyiamide.  . • . . 

Nitrwiracylic  acid  .... 

Nitrodracylic  ethers  .... 
Nitro-erythromanoite  (a.  Erythromon* 
nite,  ii.  606). 

Nitroethylic  a^d  (Di-) 

Nitroeuxaothic  acid  (s.  Euxontbic 
acid,  iL  610). 

Nitruferricyauidea  (a  Cyanides  of  Iron, 
iL  250). 

Nitroforra  (s.  Kitromethides). 
NitrufranguUc  acid  (a.  Frangolic  acid, 
ii.  767). 

Nitrogen  ...... 

Nitrogen,  Boride  of  (a.  Boron,  Nitride 
of.  Z.  6^). 

Nitrogen,  Bromide  of  .... 
Nitrogen,  Chloride  of  . , . . 

Nitrogen,  Chlorophosphide  of  (s.  Phos- 
phorus, Cbloronitride  of). 

Nitrogen,  Chloroi*ulphide  of  . . 

Nitrogen,  Detection  and  Estimation  of 
Nitrogen,  Iodide  of  (a  lodamidea,  iiL 
280^ 

Nitrogen:  Oxides  and  Oxygen-adds 
Protoxide  or  Nitrous  Oxide  . 
Dioxide  or  Nitric  Oxide 
Nitrous  Anhvdride,  Acid,  and  Salts 
Nitritea  Metallic 
NitriteaAlcobolic : NltrxmnEfhrra 
Nitric  Peroxide  or  Tetroxidu  of 

Nitrogen 

Nitric  Anhydride,  Acid,  and  Salts 
Nitric  acid  . 

Nitrates  .... 
Koaction.s  of  Nitrates 
Quantitative  analysis  of  Ni 
trstcs;  Estimation  of  Nitric 
acid  .... 
Nitrates  of  Aluminium,  Ammo 
nium,  and  Barium . 

Nitrates  of  Bismuth  . 

Nitrate  of  Ctesium  (a  Cesium, 
L 1115). 

Nitrate  of  Cadmium  . 

Nitrate  of  Calcium  . 

Nitrates  of  Cerium  . 

Nitrates  of  Chromium 
Nitrates  of  Coliait 
Nitrates  of  OoptHjr,  Didymium, 
Eihium,  and  liluciiiuui  . 
Nitrate  of  Gold  .... 
Nitrates  of  Irid-aminouiums 
(iiL  «24). 

Nitrates  of  Iron  . . 

Ferric  Aecto-nitrstes  . 
Nitrate  of  l..anthanum 
Nitrate.s  of  Lead 
Formonitrate  and  Phosphoui- 
trate  of  Lead  . . 

Nitrates  of  Lithium,  Magnesium, 
and  Manganese  . . 

Nitrates  of  Menniry ; 
ou  Mercuric  Nitrate 
Double  salts  of  Mercuric 
Nitrate  .... 
fi.  Mercurous  Nitrate  . 


G2 


6i 


65 


85 


D4 


95 


V*.  **^08 

Nitrogen : 

Double  aalts  of  Mercurons 
Nitrate  . . . . flZ 

Nitrates  of  Molybdenum  . . — 

Nitrate  of  Nickel  . . . ~ 

Ammonio-nitrates  of  Nickel  . Q8 
Nitrates  of  Osmium,  Palladium, 
and  Platinum  . , . _ 

Nitrate  of  Potassinm : 

Natural  Formation  . . 

Purification  of  the  native  salt 
Preparation  from  Chile  Salt- 
petre   100 

Properties  ....  

Valuation  . . . . lOi 

Nitrates  of  Khodiamand  Rubidium  104 
Nitrate  of  Silver  , , . — 

Nitrate  of  Sodium  , , . 10.4 

Nitrates  of  Strontium,  Terbium, 
Thallium,  and  Tborinum  . 106 

Nitrates  of  Tin,  Uranium,  Vana- 
dinm, Yttrium,  Zinc,  and  Zirco- 
nium   107 

A/cttholie  Nitrates ; A7/r*e  ethers : — 

Nitrate  of  Amyl  . . . 1Q8 

Nitrate  of  Ethyl  ...  — 

Mercurethylic  Nitrate  . — 

Nitrate  of  Methyl  . . . lOa 

Nitrate  of  Octyl  , , , — 

Nitrogen,  Phosphides  of  (s.  Phosphor- 
^ osamidcs,  p.  499). 

Nitrogen,  Salpbide  of  . . , , — 

Nitrogeniuni  (a  Nitrogen). 

Nitrugeiitianic  acid  (a  Gentianlc  acid. 
iL  830). 

Nitroglycerin  (a  Glycerin,  ii.  890). 
Nitroharmaline  (a  flarmaline,  iiL  9). 
Nitrohannine  (a  llarmine,  iii.  II). 
Nitrohfematic  acid  (s.  Picramic  acid, 
p.  406  ) 

Nilrohelenin  (a  Helenin,  tii.  138). 
Nitrohijipuric  acid  (a  Ilippuric  acid, 
iii.  L»i ), 

Nitrohuniio  acid  (s.  Ulmic  addX 
Nitrohy«IuriIic  add  (a  llyduriKc  acid, 

^ iiU  221). 

Nitro-inosite  (s.  Inosite,  iii.  276). 

Nitro- iodic  acid  or  AnbydriJi^  Iodic 
acid,  iii.  299). 

Nilrolactic  acid  (a  Milk-sugar,  iiL 
1024). 

Nitroleucic  acid  (s.  T^nclne,  iiL  582). 
Nitroinannite  (a  Mannite,  iii.  H’lhfT 
Nitromaric  acid  (a  Piinaric  acid,  n. 

645). 

Nitromeconin  (s.  Meoonin,  ilL  863). 
iNitromelaniiine  (a  Mclanillue,  under 
I'lienytaminea  p.  464). 

Nitromcsirline  | (aMeaitylene,  iii. 

N itromcsilylenes  ) 930). 

Nitromctacetonicacid(aPropionicadd). 

Nitromelhidcs: 

Nitrofi)rm,  Bromonitroform,  Te- 

tranitrumcthiile.  , . . no 

Cyaiionitromeihide  or  Nitraceto- 

nitrile m 

Cyanodinitrometbide  or  Dinitra- 

cctonitrile  . . , , 

Cvam»-trin]tromcthide  or  Trinitra- 

cetonitriie 

Cyano-dihrorounitromctUiiie  or  Di- 
brninonitrareto-nitrile  . . — 

Nitroim-thylic  uad  (Di-).  . . , ^ 
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liitromoriatic  acid 

Kitronapbthalenea  (a.  Xaphlbalene» 

p.  ^ 

Nitro-oxybenxoic  acid  (a.  Qjcybenzoie 
acid,  p.  29-^). 

Nitropapavenne  (a.  Papaverine,  p.338>. 
Nitropelrol -diamine  Petrol,  p.  .<H2). 
KitroMocedamideana  SitrupeucedAom 
(a.  reucedaniii,  p.  388). 

Nitropheoamic  acid 
Nilrophexumylidiiie  . . . . — 

Nitropheneaic  acid  ) (a  Phenol,  up.  394, 
Niiroplieniaic  acid  j Btf 7 )♦ 
iNitropheuoic  acid  (a  Pbenoic  acid,  p. 

388). 

Nitropbenol  (a  Phenol,  p.  394 ). 
Nitrophenylaniiue  (a.  Phen^-lumine,  p. 

44A). 

Kiirophenyl-carbamidea  (a  Carhaiiiide, 

L 7k). 

Mltrophen>’lene-diamin*i  (a  Phenylcne- 
diaminas  p.  481 ). 

Nitrophenyl-pyruUirtramic  acid  (a 

Pyrolartramic  ether?) ). 
l^ilrophenyUaulphuru:  and  -imlphuroua 
ethers  (a  Sulphuric  and  Sidpliuruua 
ethers). 

Nitrophioretin  (s.  Phloretin,  p.  492). 
Kitropbloroglucia  (a  Pblorogluciu,  p. 

490). 

Nitrophthalene — 

]Nitropbtbalic  acid  (a  Ptbalic  acid,  p. 

Nitrophtbalinic  acid  . . . 113 

Nitroplanyl  (a  Meconin,  uL  803). 

Nitropicric  acid — 

MiCropicrotoxine  (a  Plcrotoxine,  p. 

644). 

Nttroproplonic  acid  (a.  Propionic  acid). 
Nilrupruaaidea  (a  Cyanides  of  Iron,  ii. 

230). 

Nitropyrene  (a  Pyrene). 

Nitroracemic  acid  (s.  lUcemic  arid). 

Nitroaarcharose — 

Nitroatlicylamide  (s.  Salicyhimi«les). 
Nitrosalicylic  acid  (a  Salicylic  acid). 
Nltrosalicylides  (s-  Salicylous  acnl, 
Derivatives  of). 

Nitroso-compounds  • 

Nilrosethylin LLl 

Nitroao-malonic  acid  . 

Amido-maloniu  acid  . . . 116 

Kitrosonaphlbaliu 
Nitrosopbeuylin  .... 
Nitrosopiperidine  (s.  Piperidine). 

Nitrososoipbates 116 

NitrostUbic  acid  .... 

Nitrostyro]  (a  Cinnamene). 

Nitrosulpbalic  acid  . . 

Nitrosulphates  .... 
Nitrosuiphides  uf  Iron  (s.  Iron, iii.  391 
Nitrosulphobenzide  (s  .'^ulphobenzide 
Nitromiphohenzidic  acid  (a  N’liro 
phenyl-sulphurous  acid). 
Nitro>u!pbocvinolic  acid  (a  Sulpho 
cymoiic  acid). 

Nitrosulphonaphthalic  acid  (s.  Sulpho 
nuphthalic  acid). 

NitroMulphotoluulic  acid  (s.  Sulphotol 
uyltc  acid). 

Nitrosulphoxylolic  acid  (s.  Suipboxyl 
oUc  acid). 

Kitrosyl,  (Jhlorides  of  , • 


NitroUrtaric  acid  (a  TarUric  acid). 
Nitrotheiiie  (s.  Cbolestropbane,  i 926). 
Nitrotoluene  or  Mitrotoluol  (a  ^nzjl, 
Hydride  of,  L 574). 

Nitrotoluidine  (a^^r^ylamine,  i.  576). 
Nitrotoluylamik  (a  Toluylamidel^ 
Niirotoluylic  acid  (a  Toluvlic  add). 
Nitrotyrosine  (a  Tvroaine). 

N itrovaltirianic  acid  (a  Valerianic  acid). 
Nitroveralric  acid  (a  Veratric  add). 
Nitroveratrol  (a  Veratrol). 

Nitroxamylene  (a  Amylene,  L 208). 
N’ilruxamylene,  Nitroxysulpbida  oi  . 117 
Nilroxin  or  Nitroxvl  (a  Mitryl). 
Nitroxybenzoic  acid  (a  Oxy benzoic 
acitl,  p.  295). 

Nitroxyiene  or  Xitrosyid  (a  Xylene). 

; Nitroxynapbtbalic  add 

c Nitruin LUi 

I Nilryl  ...  . . 

I Nomenclature: 

lliKtorical  Notices. 

Nomenclature  of  Inorganic  bodies 
Nomenclature  of  Organic  bodies 
Nomenclature  of  tiroups  . . 129 

Nomenclature  of  FuncUona 
AlcohoU.  . . 

Acids 132 

Terminatiotis  ....  133 

Literature 134 

Xontroiute 

Nonyl 

Nonyiamine 

N«myleue 

Chhirideand  Bromide  of  Xunylene  133 
Nonvlic  alcohol  (a  Nonyl,  p.  132). 
Ntir(]eiiakidldiU  . . 

Norite 

Norium 

Nusean 

Notation Dki 

Eariy  Symnhola 
Bergman’s  Svmbols 
Lavoisier's  Notation  . . 131 

Notation  of  Ilaasenfratz  and  Adct  Lid 
Notation  Berzelius  . . . 133 

Notation  in  actual  use  . . . IM 

Notite 142 

Nuciii 

Nuclein 113 

Nucleus  Theory  .... 

Numbera  Law  of  Even  (s.  Classitlca- 
tion,  L toil). 

Ntissierite 145 

Nut  oils 

Nutmeg  oils 

Nutrition,  Animal  . 

On  the  nature  of  food  . . . 147 

Dietetics  .... 

General  Laws  of  Nutrition  . 

A.  Statics  . . • • 

B.  Dynamics  . 

Nutrition  of  Pianta  . . . 161 

Nuttnliie  (a  Scapolite). 

Nux  vomica  (a  Stiycbnos). 

Nymphieu 162 


flats  (a.  Cere.^la  L 823). 

Oltshiian  and  Pumice  . . . . — 

Ocbraa 17Q 


159 
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Ochre 

I-AGI 

Oi..= 

raoB 

Ocbroite 

— 

Deoompositiona . • , 

IM 

Ochota  Oil  or  CAmphor  . 

, — 

Cuinbinutiona  . . • 

ISO 

OcUbedrite  (a.  ABaUse»  L 269). 

Adulterations  • . . 

liiu 

Oetvl  

, 

Oiaanite 

101 

Octvl,  Bromide  of  . . . 

, 

Okenite 

Octy4  Chloriilc  of  . . . 

. — 

Olcaniide 

OctyU  Hydrate  of  , , , 

Octyl,  Hydride  of.  . , , 

. m 

Oleandrine  fs  Pseudocurarine,  p. 
Oleene  (a.  Nonylene). 

43). 

Octyl,  Iodide  of  . 
Octvl,  Oxide  of  . 

. m 

Olefiant  gas  (a.’  Ethylene). 
Olefines 

19? 

Octyl,  Sulphide  of  . . . 

Oleic  acid 

Octylamiue  ..... 
Octylene 

; Z 

Oleates 

Acids  related  to  Oleic  acid : 

• 

io:t 

Meta*octylene  . . . 

. m 

a.  Hydroleic  and  Metoleic  acids 

Octyleoe,  Acetate  of  . . . 

Octylene,  Bromide  of  . 

• — 

P.  Elaldic  acid  . • . 

Oleic  Ethers: 

• 

Octylene,  Hvd  rate  of  . 

, — 

Oleate  of  Ethvl  . . . 

Octylene,  Hydrato -chloride  of 

. 

Oleate  of  Metlivl  . 

Ocuba  wax 

. — 

OK-ates  of  Glvceryl:  Jtfano-, 

Di- 

Odmyl 

and  7'ri-oietm  • . . 

. 

Odonne  

Odoutolite  (a.  Turquois). 

. Hi 

Oleate  of  M umityl  , , 

Olein  (s.  Oleic  Ethers). 

136 

(Eoanthic  acid  and  Ether  . 

. _ 

Oleone 

ChloroBoanthic  acid  and  Ether 

. — 

Oleophosphoric  acid  . . 

CEoanthol 

• — 

Oleum  Animsie  DinpelU  . . 

Oleum  Jecuris  AseUi  . . . 

197 

Metoenanthol  . . . 

. — 

(Enantbyl  ..... 

Olibanum 

198 

Giluantlirl,  Chloride  of 

, 

Olidic  acid 

(EDaiithvl,  Hydride  of. 

. HI 

Oligistic  iron  .... 



CEnanthylaceloiie  (a.  GUnanthylone). 

Oligoclase 

__ 

tEnanthylamide  .... 
(Enantbylcne  (a.  Ueptylene). 

• “ 

Oligon-spar 

Oliva 

1S9 

CEnanthvlic  acid  .... 

, __ 

(Eiianthvlatei  . . 

, 

Ohvenite 

2U0 

(Enautbviic  Anhydride  . • 

. Hfi 

Oliveoold 

GCnanthylic  Ktbere 

. 

Olivil 



QCnanlb>  lo-Uenauic  Anhydride  . 

. — 

Olivin 

201 

OCnaDtUvIu-cumiiiic  Anhydride  . 

. 

Olivirutln  ..... 

2U2 

(Enunthylone  .... 

. — 

Ollvite 

(Knanlbyl-eulpburic  acid  . 

, 

Oiiiichmvl,  Oxide  of  . . 



(Enantbyioufl  acid  . . . 

• — 

Omphazile 

(Knol 

Oregite 

Onkusin 



G^iioliii  ..... 

. _ 

(Kilometer 

. 

Onocerin 

, 

(£nyl 

(Jtnofrile 

_ 

(Eraledtite 

. — 

<>nonetia 

, 

CMFa  Helmontii  .... 

. H9 

Onuriide 

203 

OK*><nt«  (*•  Kipidolite). 

Oiionin 

Oil  Gaa  .... 

. 

Ononis.  . . , . . 



Oil,  Genessee  or  Seneca  . . 

. 

Onospin 



Oil  Mineral 

. 

Oiivx 

204 

Oil  of  Vitriol  .... 

, 

Ouiite 

Oil  of  Wire  (a.  Etberin,  li.  507). 

Onsite 



Oils 

. 

Of.«l 

A.  Fat  or  Fixed  oils : 

opal  Allophane  .... 

205 

VeKetable  oils,  Drying  and  Non- 
drving l&I 

Opliiolite 

Ophite  (s.  Serpentine). 

Fiih  oila  .... 

. --- 

Ophitoiie  ..... 

Other  Animal  uile  • . 

. 

Opianimone 

«.  Oil  of  Ante  . « 

, — 

Opianic  acid 



fi.  Oila  from  Egg-yolk  . 

, — 

Opiiinutes  .... 

2UC 

Y Lard-oil  . • 

. 

Opiuno-aulphuroua  acid 



a.  Neat'a-foot  oil  . 

. 

Sulphopiaiuc  acid  . 



«.  Oil  of  Silkworms 

. 

Opianic  ac  d,  Amides  of  . . 

Adulteration  of  Fat  oila. 

. 

Opiammone  .... 

207 

B.  Volatile  oila: 
Occurrence  . . 

. l£2 

Teropiamnione  . . . 

Opianic  ether  (s.  Opianatea). 

Preparation  ... 

Properties  .... 

. 184 
. lai 

Opiauine? 

Opiano  sulphurous  acid  (p.  ^6). 

— 

Table  ofSpecinc  Gravities  and 

Opianvl 

Optical  Properties 

. IM 

Opium 

llydrocarbona  from  Volatile  oils 

187 

Opium  fat 

308 
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Opium  m«rr  . . . , 

Opium  rexiti 

OpnhalHAm 

0[K>deidoc  . . . . « 

Op(  panax 

Opsimose 

Onin(;e  ii.  1002). 

Urang^it^a.  Thorite). 

Orcem 

OrchelU  weeds 

On-bil  . 

Or<bis 

Orcin 

Svbititutum-derivatives  of  Orcin: 
Bromorcin,  Tribromorcin  , 
Trichiororcin,  Tri-iodorcin 
Ccmpemndt  futmoioyout  tcith  Orcin : 

BeU-orcin 

Kesorcia 

Orellin 

Oreoaeiit^ 

Oreoaelone 

Organic  Analyida  (a.  Analyais,  L 225). 
Organic  Cliemistrr  .... 
Organo-metaliic  Bodies 

Formation  ..... 

Properties 

Potaaaium,  Sodium,  and  Lithium 

aeries 

Magnesium  series 
Aluminium  series 

/inc  series 

Cadmium  series .... 

Tin  series 

Bismuth  series  .... 
l..ead  series  .... 
Mercuric  series  .... 
Antimony  series 
Arsenic  series  .... 
Tellurium  series  . 
Constitution  of  Orgam>«mctallic 

Bodies 

Organuin  (see  Marjoram). 

Oropion  (s.  Hock  ^l). 

Orpimcnt 

Orseille  (s.  Archil). 

Orsollesic  acid  (s.  OrseUluic  acid). 

Orsellic  acid 

Orsellinic  acid 

()rsellinic  Ethers 

Orthite 

Orthocarbonalc  of  Ethyl 
Ortlioclaae  (s.  Felspar,  ii.  019). 

Ortho-salts 

Orth<»fte  (s.  Orthoclose). 

Osman-osraic  acid  (a  Osmiamic  acid). 

(Nmazome 

i)smelite  (a  Pectolite). 

Osmiamic  acid 

(.KniiamitU 

OMiniridium 

Of.initopsis,  Oil  of 

Osmium 

Osinium.  Chlorides  of  . , 

Dichloride,  Trichloride  . 
Tetrachloride 

Ilexchloriite  ..... 
Osmium,  Drtcciioii  aud  Kstimatioi:  of. 
Osmium,  O.xitlca  of  . . . . 

Prot<«.\i«lc.  .^  ••piioxidc.  Dioxide 
Trioxidv.  leUu.vidtt  . 


•AOK  I 

yoH  Osmium.  Stilphidcs  of  . 

— 0«mimn -base's  Aninumiacal 

— Osmose  (s.  Liquids  *i».  718). 

~ Ossein  (a  Bone -cartilage,  i.  619) 

211  Osteolite  . . • 

Ostranite  . . • 

Ostreocolla  . . . 

Olhyl  .... 

Otoha  fat  . . • 

Ottrelite  . . . 

Ouvarovite  . 

Owala  .... 

Owenite 
Oxabenzidide 

21S  Oxacalcite  . 

2U  Oxacetic  acid  faGlycollic  acid,  iL  909) 
Oxalacetic  acid  . 

Oxalan  (s.  Oxaluramide,  p. 

215  Oxalantin  . . . 

Oxaltcncid 

Oxalates 

216  Oxalate  of  Aluminium 
Oxalates  of  Ammonium 
Oxalate  of  Antimony 

217  > Ammonio-,Potassin>,andSodio- 

21H  antimonir  Oxalates 

223  Oxalates  of  Arsenic 
Oxnlat&'i  of  Bsrium 

— Oxalates  of  Bismuth 

224  Ammniiio-  and  Sodio-bismuth 

— Oxal.'ites 

22.5  Oxalates  of  Cadmium  . 

226  Oxalate  of  Cadniammonium . 

— Ammonio-cailmic  Oxalates 

228  Potassio-cadinic  and  Sotlio  cad 
mic  Oxalates . 

Oxninto  of  Calcium 

229  Oxalates  of  ('erium 

2:iu  Oxalates  of  Chromium 

233  Doable  Salts 

Oxalates  of  Cobalt 

Pota.ssio-ct>balton8  Oxalate 
Oxalate  of  C-oboll^ckel-ammo 
nium  .... 

235  Oxalates  of  Copper 

Oxalate  of  Didymiiiin  . 

O.xalate  of  Olucinum  . 

Ammonio-glncinic  Oxalate 
Oxalates  onron: 

2.16  Potassbi-ferrous  Oxalate  . 

2.’>7  Ainmoaio-ferric  Oxalate  , 

238  Bnryto*,  Cslcio-,  Potosaio-,  So 

dio‘,  and  Strontio-ferric  Oxa 
latcs  .... 

(>xaiute  of  I.anthanam . 

Oxul;>tea  of  Lead : 

239  l*oiA<«Hju-plumbic  Oxalate . 

Oxal  i-niiratea  of  Lead  , 

— j Oxointea  of  i.ithium 

Oxalates  of  5!agnesium 

Ammonio-magnooic  Oxalates 
Potasaio  magneaic  Oxalates 
2ifl  Oxalates  of  Manganese 

2U  Ammonio-iranganousOxalates 

Poias>io>,  and  Sudio- manganous 

2 12  Oxtflatea 

— Oxalates  of  Mercury  . 

2f.'{  j Ammonio-inercuric  Oxalate 

2-U  I Oxalate  of  Tctramercuraiuiuo 

nium  (iii.  918). 

245  PoliiMlo*mer»*uric  Oxalate 

('ixuluU'S  «»f  .Molybdenum 
Oxalate  uf  Nickel . , . 


247 


21H 


261 

253 


264 

266 

2.'»6 

267 


25« 


260 

2lLl 

262 
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Oxalic  acid : 

Ammonio-nickel  Oxnlatea 
Oxalate  of  Nickel •coUill-aroino* 
niam  fp.  256). 

Oxalate  of  Palladium  . 

Ammonio-palladioua  Oxalate  . 
Oxalates  of  Platinum  . 

Oxalatea  of  Potassium  . . 

Oxalates  of  Kubidium  . 

Oxalate  of  Silver  .... 

Ammonio-oxalate  of  Silver 
Oxalates  of  Sodium  . . . 

Oxalate  of  Tantalum?  . 

Oxalate  of  Tellurium  ? . 

Oxalates  of  Thallium  . 

Oxalate  of  Thorinum  . 

Poiassio-tborinic  Oxalate . 
Oxalates  of  Tio  .... 
Ainmonio>  and  Potassio-stannoua 
Oxalates  .... 
Oxalate  of  Titanium  . . . 

Oxalates  of  Uranium  . • 

Ammonio-uronous  Oxalate 
Ammonio^  and  Potassio*aranic 
Oxalates  .... 
Oxalate  of  Vanadium  . . . 

Potassio-vanadic  Oxalate  . 
Oxalo^vanadic  acid  . • • 

Oxalate  of  Yttrium 
Oxalate  of  Yttrium  and  Potaa> 

aium  

Oxalate  of  Zinc  . . • • 

Oxalate  of  Zinc  and  Ammo- 
nium   

Oxalate  of  Zinc  and  Potassium  . 
Oxalic  acid«  Amides  of  . . . 

Oxalic  ICthera 

Oxalate  of  Allyl  .... 
Oxalates  of  ^myl,  neutral  and 
acid  ...*•• 
Oxalates  of  Rthvl : 

Neutral  Kthyiic  Oxalate: 

OrcUic  father  .... 
Perchlorethylic  Oxalate 
Kthyl-metbylic  Oxalate  . 
Ethyloxalic  acid  . . . 

'Pentachlorethyloxalic  or 
Cbloroxaloviuic  acid 
Oxalate  of  Ethylene 
Oxalatea  of  Methvl : . • 

Neutral  Mcthylic  Oxalate 
Chloronicthyiic  Oxalates 
Compounds  produc('<l  by  tlie 
action  of  Zinc-etliylf  &c.  on 
tbe  Oxalic  Ethers 
L Dietlu'xalic,  I >ictboglycol* 
lie,  or  Leucic  ether 
2±  Oimethoxalic  or  Dietho- 
glvcfdlic  acid 

Si  Efthomethoxnlic  or  Etbo- 
metboglycolhc  acid  . 
Amhydroxalic  or  Amogly- 
collic  acid  .... 
^ Ktbainuxalic  or  Etbamo- 
glycolUc  acid  . . 

6.  iJiamoxalic  or  Diamogly- 
collie  acid  .... 
Zt  Prwiucts  of  the  action  of 
Ziucon  a mixture  of  Amy- 
lie  Oxalate  and  Amylic 
Iodide ..... 

Oxalite 

CtxalmetbyloviniUe  (p.  2<  1). 


2G2 


2G3 

2M 


267 


2C8 


m 

m 

211 


213 

2Z1 

275 

27G 


Oxalovinic  acid  (s.  Ethyl-oxalic  acid, 

P-  271). 

OxaFuramide 277 

Oxaluranilide 278 

Oxaluric  add 

OxaJvinomelhylide  (p.  271). 

Oxamethane  (a.  Ethylic  Oxamatc, 

p.  280). 

OxameihyUne  (s.  Metbylic  Oxsmate, 

P-281). 

Oxamic  acid  ...... 

Oxamates  . . , ■ . . 279 

Oxamic  Ethers 

Amylic  Oxaroate  or  Oxaraylane  . 
Ethylic  Oxamates: 

Oxamethane  . . . . ^ 

Chloroxametbane  ...  

Ethyloxamic  arid  . . . 2lil 

Ethylic  Uietbyloxamate  . . 

Meihylic  Oxamates: 

Oxainethylane  . . , , ..i- 

Methyloxainic  acid  ..... 
Kthyfic  Oimethyluxamate  . — 

Phenyloxamic  or  Oxaniiic  add  — 

Oxamide 282 

Dimethyloxamide .... 

Diethyloxamide  ....  

Diamyloxamide  ....  285 
Naphlhyl  oxamides : 
Dinaphthyl-oxaniide  or  Oxa- 
nuphthulide  . . . . — 

Cyanodinaplithyloxainide  or 
Menaphthoximide  . . . — 

Pbcnyloxnmides : 

Monopheuyloxaniidc  or  Oxani* 
lamide  ...  . — 

Diphenyloxamide  or  OxanilMo.  — 
Cyanodifthriiyloxamide  or  Me- 
luDoxiiuide  ....  280 
Oxanaphtimlide  > oqc\ 

Oxanilamide  J (P-ZS.-)). 

Oxaniiic  acid  (s.  Phenyl-oxamic  acid, 

. P»  281 ). 

Oxanllide  (s.  Diphenyloxamide,  p. 

285). 

Oxantiine 2SI 

Oxanthmeene  (s.  Paranaphtbalene). 

Oxatolylic  acid — 

Oxelhyl 28K 

Oxethylene-bases  (s.  Ethylene-bases, 
ii.  5U3). 

Oxcthyi-'tricthyl-phospbooium  (s.  Phos- 
phorus ba.ses). 

Oxhaverite  (s.  Apophvllite,  L 257). 

Oxouic  acid 

Oxuric  acid 

Oxyacanthin  .... 
Oxyacantbioe  .... 
Oxyanisutnio  acid  .... 
DiBZoaitis-oxyanieamic  or  Diigso- 
anis-amidanisic  acid  . 

Oxybenz^imic  acid  ....  2 HO 
Acetoxybcnziimic  acid  . . . 2Hl 

Penzoxyhenzamic  acid , , . 202 

Diazobcnzo-oxylmnzamic  or  Dia- 
zobenzo-amidobenzoic  at'id 
Diazobeuzoic  acid ....  204 
l)iuxyl»enzamic  acid 
OxvbenziAliamide  • • • 
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Oxvbenzoic  acid  . 

lodoxybenzoic  acid  . 
Nitroxybenzoic  acid 
Trinilroxybenaoic  acid . 
Oxybutyric  acid  . 
C>xybutVroxvl-propionic  ether 
Uxycarboxyiic  acid 

Carboxylic  acid  . • 

Oxycarminic  acid 
Oxychluric  add  (s.  Perchloric  acid,  i. 
9 m. 

Oxychloridee 

OxvchlorocarboTiic  acid  (a.  Chloride  of 
Carbonyl,  L 774). 

Oxyduchooine 

Oxycobaltic  ealU  (a.  Cobalt- basea,  Am* 
moniacal,  L lOdtl). 

Oxvcrocoaic  acid  (a.  Leuconic  acid,  id. 
584). 

Oxycuminamic  acid 

Diazncumiu  oxvcuminamlc  acid 
Oxyouminic  acid  (s.  Cuminic  acid,  ii.  17 
Oxy  dibromopheoyl-Bulpburic  add 
Oxyfluorides  .... 

Oxyf'en 

Active  Oxvfren  or  Ozone 
Oxides  and  Hydratea  . 

Metallic  Oxides  and  Hydrates 
their  Classitication  . 
Oi'cnrrenre  and  Formation  of  Me* 
taltic  Oxides 

Peroxides  of  Organic  Kadicles 
Oxygen,  Delectioa  aud  Esliuation  of 
Oxygenated  Water 

Oxygenold 

Oxygunnine 

Oxygummic  acid  .... 
Oxybippuric  acid  .... 
OxV‘livdro^n  lilowpirw 
Oxyiodic  acid  ($.  Periodic  acid,  iiL  807' 

Oxylisiition 

Oxylizaric  acid  (s.  Purpurin). 
Oxymethyl*carbonic  acid 
OxyinethyUtrielhyl  phosphoDium 
Oxyniorpfiine  .... 
Oxynaphlhaiic  add 

Chloroxynaphthalic  and  Percblor 
oxynaphlhaiic  acids  . 
Oxynaphlhyl,  Chlorides  of  . 

Chloride  of  Chloroxynaphthyl  and 
Chloride  of  Perchloroxyaaphtbyl 
Oxynaphthylamine  . 

Oxyparatartaric  acid  . 

Oxypeucedanin  (s.  Pcuce^lanin). 
Oxyphenic  acid  . 

Acetoxypbenicand  Benzoxyphenl 
acids  .... 
OxyphenyUsulphuric  acid  . 

Oxyphorphyric  add  . . 

Oxypicric  acid  . . . 

v^xypinitannic  acids  . . . 

Oxyporphyric  acid  (s.  Porphyric  acid 
Oxyproteiii  (s.  Protein). 

Oxypyroltf  acid  .... 

Uxyquinine 

Oxyrrophiine  .... 

Oxysniicylic  acid  .... 
l>ioxysalicylic  or  Gallic  acid 

Oxyaalts 

Oxysirychnincs  .... 
Oxysulphides  .... 

Oxysuipho«.:srbonic  Ethers  (s.  Sulpho 
carbouic  Klhcrs). 


PACK 

295 


221 


99Q 

SDH 


aoi 

809 

ail 

ai2 


818 


an 


815 


317 


819 


820 


Oxysulphoplatinocyanide  of  Potassiom 
(s.  Cyanide  of  Platinani,  ii.  267). 
Oxysulpbosulpburous  acid  (s.  Uvpo* 
sulphurous  acid,  under  Sulphur, 
Oxygen-acids  of). 

Oxysylvic  add 821 

Oxyterephthalamit  acid 
Oxyterephthalic  add  . 

Oxytolic  acid  . . 

Oxytoluamic  add 

Oysters 821^ 

Uzarkite 

Ozocerite  or  Ozokerite . 

Ozone  (a  Oxygen,  p.  299'), 

Ozone-hydrogen  . . • • 323 

Ozone-water  . . 


Pachnelo 

Pachnolite  ...... 

Packfong  or  Packtong.  . . . 

Psonin 

Pagodite  (s.  Agalmatolite,  L 60). 
i*aisbergitc  (s.  Khodonite). 

Pakoe  Kidang  (a.  Cibotium,  ii.  962). 

Palco-cn'stals — 

Palagonile — 

I'aligorskite  * .....  825 

Palisander  Wood — 

Pailadamine  } (s.  Palladium  bases, 
Pallad  -diamine  / Ammoniacal ). 

Pailadani  amine  ) (a.  Palladium* 

Palladethylamine  j bases.  Organic). 

Palladium — 

Palladium,  Alloys  of  . . . . 826 

Palladium,  Broin<de  of  ...  827 
pjilladium.  Carbide  of . . . . 

Palladium,  Chlorides  of  . . . ~ 

Palladium,  Cyanides  of  (s.  Cyanides,  it. 

2th>). 

Palladium,  Detection  and  EUtimation 
oft 

L Reactions  . 

2.  Estimation  and  Separation  . 828 
Atomic  Weight 
Palladimr.,  Fluoride  of. 

Palladium,  lodiile  of  . 

Palladium,  Oxides  of  « • • . 329 

Palla<Uum,  Selenide  of. 

Palladium.  Sulphide  af 
Palludium-bases,  Ammoniacal 
ralladium-boses.  Organic 
Palmio  acid  (a.  Ricinelaldic  acid). 

Palmio  (a.  KicineJaldin). 

Paltnitamide  .... 

Palmitic  acid 831 

Palmitates,  Metallic  • . . 884 

Palmitic  Ethers  . 

MclhvUc  Palinitate 
Ethyfic,  Amylic,  Cetylic,  and  My 
ricylic  Palmitates  . . . 888 

Palmitates  of  Glyceryl  or  Palmi- 
tins  . 

Palmiute  of  Mannityl 
Palmittn  . 

Palmitone  . . . 

Palinitonic  acid 386 

Palmityl 

Palio-oilor  Palm-butter 
Palm-sugar  ... 

Palm-wax 837 
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Palm-win«  . . . , 

Punabuse  (i.  TetrahedhU). 

Pancreatic  juice  . • . 

Papaverine  .... 

Papyrin  .... 

Parabanic  acid  . . . 

Methyl’parabanic  acid  . 
Dimethyl-parabanic  acid 
Diphenyl'parabanic  acid 
Parabonzeue  or  Parabeuxol  . 
Piirabromalitie 
Parabromoiualeic  acid  (a.  Maleic  acid, 
lii.  788). 

Paracarodylie  Oxide  (s.  Areenic-radi> 
cica.  Organic.  L ^Q<). 

Paracajpulene  (a.  Caiputene,  L711). 
Paracamphoric  acid  (a.  Camphoric 
acid.  L 730^. 

Paracarthainin 
Paraceliuloae  . . 

Pnracelone  (a.  Pinnacone). 

Parachloralide  • 

Parachlorobenzoic  acid 
Paracitric  acid  (s.  Aconitlo  acid.  L 64) 
Pamcolumbile  .... 
Paraoyanic  acid  .... 
Parucyanogen  .... 
Paradigitaletin  .... 
Paradiphoaphonium  • compounda  (s. 

PIxMpboniS’bAAca). 

Para-ellflgic  acid  ( a.  Rufigallic  acid). 

Paraibu 

Manufacture  of  Paraffin  and  Paraf 
finoiln 

List  of  Memoirs  relating  to  Paraf 
fin  and  allied  inaUvra 
ParaglobuUretin  (s.  Glubularin.ii.  84C] 
Paragouite  (s.  Pregrattite,  p.  72-i 
Paraguay  lea  .... 
Paraliex^lene  .... 

Paralactic  acid  .... 
Paralbumin  (a.  Albumin,  i.  68). 
Paraldehyde  .... 

Parallelusterisra  .... 

Paridogite 

Parara 

Parainaleic  acid  (a.  Fumaric  acid,  ii 
7-11). 

Paraiiialic  acid 

Parjtmecouic  acid  (s.  Comenic  acid,  L 
1103). 

ruraiueuispermine  (s.  Meniepemiine,  ill. 
880). 

Paramic  acid  ) (a.  Mellitic  acid,  Amides 
Paraiiiide  } of,  lii.  873). 
Paramidubenaoic  acid  (s.  Para*oxyben- 
zaiiiic  acid,  p.  361 ). 

Parauiorphine  (s.  Thebaine) 
Parainorphous  Cry*atals 
Paramiicic  acid  . 

Parairiylene  or  Diamylene 
Parainylone . . 

i'aranephthalene  or  Anthracene 
Brumuiitbracene  . 

Chlorantbracene  . 

Oxatithroceiie 
1 )initroxautliracene 
Pamniccue  . . . 

Pamnicine  . 

Paraniline  . 

Paraiiitrolten  ic  aci<l  (s.  NilrodracUic 
aci't,  p.  Qo). 

I'araulUm  ...... 


PAGE 

, 837 


aaa 

a.39 


.340 


ail 


a42 


aid 

847 


A49 


fl60 


ail 

8a2 


Para*oxybenzamic  acid  • • 

Azo'paraoxy^nzamie  acid  . 
Para-oxybenzoie  add  . . 

Parapectic  acid  and  Parapectin  (e.  Pec 
tic  acid  and  Pectin). 

Parapboephoric  add 
Parapieoline . 

Pararhodeoretin 
Parasaccharose 
Parasalicyl  . 

Parasites 
Parasorbic  acid  (s.  Sorbic  add). 

Parastilbite 

Parasulphatammon  (s.  Suipbamide). 
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695 

Potassium,  Amides  of  . 

— 

Potassium,  Antimonide  of  (a  Antimony, 
i.  317). 

Potasaium,  Arsenide  of  . . . 

696 

Potaasiutn,  Boride  of?  . 



Potaasiuin,  Bromide  of. 

, 

696 

PotaMium,  Carbide  of? 

— 

Potassium,  Carboxide  of 

, 



Potassium,  Chloride  of. 

, 

6^7 

Hemichloride  or  Suhchloride  of 


Potassium 699 

Potassium,  Cyanide  of  (s.  Cyanides,  U. 

268), 


Digitized  by  Goog(e 


804 


INDEX  TO 


698 

699  I 
— » 

700 

701  ’ 

702  , 
704 : 

706  ' 


708 


PAGE  ! 

Pota^siam,  Detection  and  Estimation 
of : 

1.  Reactions  in  the  Dry  way 

2.  KeactionR  in  Solution 

3.  Hl«timation  and  Separation 

4.  Atomic  W'cight 
Polaaaium,  FltioriiJc  uf. 

FotH^4)um.  Hydrate  of 

l*reparatio«  . , 

PrcuH-rties  . . 

Keaettonft 

Potauium,  Hyilride  of? 

PotMAHiuni,  lotlide  of  • 

PoUiiaium,  Nitride  of  . 

PnUs<iium>  Oxide  of 
PoUa^ium,  Phosphide  of 
Putaiaium,  Selciiides  of 
Potanaiuin,  Siiicide  of  . 

Potassium,  Sulphides  of 
Liver  of  Sulphur  . 

PotAssiuin,  Sulphocarbonate  of(t.  Sul 
pbocarbonates). 

Potassium,  Sulphocyanateof(s.  Suipbo* 
cyanntes). 

potassium,  Sulphomolybdate  of  (s. 

Molylxlennm,  Sulphides  of,  iii.  1044). 
Potassium,  Sulphophusphate  and  SuU 
phophosphite  of  (s.  Phosphorus,  Sul- 
phides of,  pp.  G03,  604). 

Potassium.  Sulphottin^state  and  Sul- 
phovanadate  of  (s.  Tungsten  and 
Vanadium,  Sulphides  of). 

Potassium,  Sulphydrate  of  . . , 

Potassiun,  Telluride  of 
Polassium-elhyland  Potassium-methyl 
Potassium -salts.  Manufacture  of  . 

L Manufacture  ofPotas--ium-rarl>o- 
nate  from  the  ashes  of  Timber 
aud  of  I.,and-plHnts  in  general  . 

1.  Putasii  from  the  ash  of  Forest- 
timber  ..... 

2.  Potash  as  a bye-product  from 
the  manufacture  of  Beet-root 
and  t'ane-sugar 

8.  Sulphate  and  Carbonate  of 
PotHSMum  o>*  bye-pro‘iucls  in 
(he  manufacture  of  Tartaric 
acid  ..... 

II.  From  the  Ashes  of  Marine 

Plants  

HI.  From  Sea-water,  Brine-springs, 
and  Saline  Lep(a»tU: 

1.  From  Sea- water 

2.  Fr»)in  Brine-spnngs 

3.  Preparatiim  of  Potassium  - 
chloride  from  the  Salt-beds  of 
Stassfurt  .... 

IV.  From  Felspar  and  other  Sili- 
cates   

V.  Potash  from  Wool  . 

Potato 

PoiatO'fat 

Potato  fusel-oil  (s.  Fusel-oil,  ii.  758), 

Putatune 

Potter’s  Clay  (s.  Clay,  i.  1024). 

Pottery 

Pounxa  

Pourprite 

I’owder  (s.  Gunpowder). 

Powder  of  Algaroth 

Puazuolana 

Prase 

Prasoo-cobalt  . . , . 


12 


16 


18 


723 


723 


24 


09 


713 


732 

73.3 


735 


PAO* 

Praseolite 724 

Prasin  . 

Prasochrome 
Precipitate  . 

Precipitate,  ^Vllit6 
Precipitate,  Red  . 

Preilazzite  . 

Pregrattlte  . 

Prehnite 

PrehnitoTd  ......  725 

Primula  . 

Primulin  . « 

Prince’s  Metal 726 

Printing,  Chemical 
lithography  . 

I Chromolithography  , . . 728 

Zincography  . 

Propnianinc  . 

Propargylic  Ether 

Prophetin -resin 729 

Propionamide 

Dichloropropionamide 
Propione 
Propionic  acid 
Propionates  , 

Bromopropionic  acid 
Chloropropionic  acid 
Indopropionic  acid 
Nitropropionic  acid 
Propionic  Aldehyde 

Tribromrpropionic  Aldehyde 
Pentachloropropionic  Aldehv 
Propionic  Ethers  . 

Propionitrile.  . . . 

Dichloropropionitrile  , 

Propyl  or  Trityl  . 

Propylamine  (s.  Tpitvlamine). 

Propylene  (a.  Trilvlene). 

Propyl ic  Alcohol,  fclher,  &c,  (s,  Ti 
Alcohol,  Ether,  &c.). 

Proaopite 
Prntagon  , 

Protein. 

Protheite  fa,  Veauvian), 

I Protic  acid  . . 

! Protohaslite  . 

, Protocatechuic  acid 
Proto-compounds  . 

, Prototrtn© 

Proustite 
Provence  Oil 

I Pninelle  Salt 
Prunnerite  . 

Pnmus, 

Prussian  Blue 741 

Pmaaic  acid  (s.  Cyanide  of  Il3*drogen, 
ii.  214). 

Prussin 743 

Przihramite — 

Psatyrin  (a.  Hartin,  in.  14). 

Pseudo-acetic  acid  (s.  Butvracetic  acid, 
ii  688). 

I Paeudo-alhite  (a.  Andesin,  1.  291). 

Pseudo-alkarnin  fs.  Anchusin,  i 290). 

' Pseudo-apatite 

I P8endo-l>ut\dic  alcohol  (s,  Tetrylic  al- 
cohols). 

Pseudo-chrysolite — 

Pseuclo-ceraln — 

Pseudo-curarine — 

Pseudo-diallyl-alcohol  (s.  Diall^'l-cotn- 
I pounds,  in  Appendix). 

Pseudo  erj’lhrin — 


de  . — 


ritvHc 


738 


7.39 

740 


Digitized  by  Coogle 


THE  FOURTH  VOLUME. 


806 


745 


746 


PtendcHbex^l-alcoboI ) Ts.  Secondary 
P8Cudo-hcx;5rl -glycol  j AlcoboU). 
Pseado-leucine  (s.  Leucine,  Ui.  582). 
Pseudo-Ubetbenite  (s.  Phosphates,  p. 

661). 

Pseudo-malachite  (p.  561). 

Pseudomorph 744 

PscudoroorphiDe(s.  Morphine,  iii.  1061). 
Pseudo-orcm  (s.  Erythromannite  {L 
604). 

PseudnproDylic  Alcohol  (a  Tritylic 
Alcohols). 

Pseudophite 

Psendo-purpurin  (a  Purpurin). 
Pseudo-quartzite  .... 
Pseudo-quinine  .... 
Pseudo-stearoptenes  . . . 

Pseudo-steatite  .... 
Pseudosulphocyanopen  (s.  Persiilpho 
cyanogen,  p 38U). 

Pseudotalcite 
Pseudotoxine 
Pseudotriplite 
Pseudoveratrine  . 

Pseudo-uric  acid  . 

Psilomelane  .... 

Psora  lea  .... 

Pteleic  acid  .... 

Ptcleyl  (a  .Mesityl,  Ui.  929). 

Pterltannie  add  . 

Ptyalin  .... 

Ptychotis  .... 

Pucciue  .... 

Puddling  (a  Iron,  Ui.  847). 
pumice  (a  Obsidian,  p.  169). 

Pulsatilla  .... 

Punablite  (a  Poonablite,  p.  688 

Puniea 

Punicin  .... 

Purple,  Aniline  . 

Purple  of  Cassius  . 

Purple  Cupper  (s.  Copper,  Sulphides  of, 
ii.  78). 

Purple  Cruorin  .... 
Purpurainide  (a  Purpurcin). 

Purpurates 

Purpurate  of  Atninonium,  or  Mu 
rexide  .... 

Purpurate  of  Potaasium,  Sodium, 

&c 748 

Isopurpurates 
Mftapurpurates  . . 

Purjiurein 

Purpureocobatt  (s  Cobalt  battes.  Am 
monincal,  L 1052). 

Purpuric  acid  (a  Purpurates). 

Purpurin 749 

Purpuriito  (s.  Porporioo,  p.  691). 

Purree — 

Ptirreic  acid  (s.  Kuxanthic  acid,  iiL 
609), 

Purenuone  (a  Euxanlhone,  ti.  690) 

Pus 751 

Pu'ohklnite 762 

Pulrangira — 

Putrefaction  (a  Fermentation,  ii.  623).  — 

Pyciiito — 

Pycnometer 753 

I’vcnolrope  (s.  Serpentine). 

P>in  ) 

Pyocyanin  >(a  Pus). 

PyoxanthoseJ 


Pyraconitic  acid  (a  Itaconic  acid,  iii. 

435). 

Pyralfolite 753 

Pyrantimonite 
Pyrai^illite  . 

Pyrargyrite  . 

Pyrelam  ......  754 

Pyrenai'tc 
Pyrene . 

Pyrethrin 
Pyrpom 
Pyndine 

Platinopyridioe  and  Platosopyri- 

dine 756 

Ethyl-pyridine 
Pyrites . » 

Pyro-acetic  Spirit  (s.  Acetone,  I.  26). 
Pyroalizaric  acid  (s.  Pbthalic  Anhydride, 
p.  6.SI). 

Pyiobenzoline  (s.  I^phinc,  iii.  733). 
Pyrocampbretic  acid 

Pyrocatechin  (a  Oxyphenic  acid,  p.  815 ). 
Pyrochlore  . . * . . . . 757 

Pyrocitric  acids — 

PyrochroUe — 

Pyroclasitc — 

Pyrocomcoic  acid  (a  Pyromeconic  acid, 
p.  760). 

Pyroconino — 

Pyrodextrin,  .....  — 

Pyrodmalite  (a  Pyrostnalite,  p.  771). 
Pyrogalltdn  758 

Pyrogullic  aci  I — 

Pyrogen 759 

Pyroglucic  acid  ( a.  IVrotlextrin J. 
Pyroglyceriu  ( a.  Diglyccrin,  iL  895  ). 
Pyroglycide  (Metaylycerin,  ii.  895). 
Pyrognomic  Minerals  ....  760 
Pyroguaiacic  acid  (Guaiaco),  ii.  946). 
Pyroguaiacin  (a  Guacaium,  ii.  948). 

Pyrohi  . 

Pyrolcic  acid 
Pyroligneous  acid 
Pyroliiif  (a  Pyrrol), 

Pyrolithofellic  acid 
Pyrolivilic  acid 
Pyrolusile  . 

Pyitmialic  acid  (s.  Maleic  acid,  iii.  781), 
Pyroraaric  acid  , 

Pyroinecouic  acid 

liromopyroroeconic  acid 
Indopyromeconic  acid  . 

Pyromeline  .... 

Pyromellitic  acid  . 

Pyromer.de  .... 

Pyrometer  .... 
Pyrumorintannic  add  (s.  Oxyphenic 
acid,  p.  315). 

Pyromorphitc  .... 
Prroumemmide  (p.  764). 

Pyromucic  acid 763 

Appendix  to  Ptfromueie  acid : 
Mucobromic  acid 
Mucochloric  acid  . . . 764 

Muconic  acid 

Pyromucic  add.  Amides  of : 

1.  Pyroroucamide . 

2.  CarbopyiroHc  acid 

3.  Dipyromucamide,  orCarbopyrrol- 

ainide 765 

Pyrutnucic  Alcohol 
Pvromude  Chloride 
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Pyromucic  Ethers : 

Ktbylic  Pyromucate 
Cbloropyromucic  ether  . 

Pyrope 

Pyropectic  acid 

Pyrophorua 

Pyropboephamic  acids : 

1.  PyrophosphaiDic  acid 

2.  Pyruphosphodiamic  acid  . 

3.  Pyropboephotriamic  acid  . 
P^Tophosphoric  acid  (s.  Phnspbonis, 

OxygeD*acid«  of,  p.  639). 

Pyropbyllite 

Pyrophysalite  (a.  Pbyaalite,  p.  634). 

Pyropin 

P^TOpiaaite 

Pyroquinol  (a.  HydroqitiiioDe,  iii  213). 

Pyroraceroic  acid 

Pyroracematea  . . ' . 

^■pyroracemic  acid 

Pyroretln  ...... 

Pyrorthite  (a.  Ortbite,  p.  237). 

Pyroaclerite 

Ksmmererite  . . . . 

Hbodocbrome  . . . . 

PyroHinalite 

Pyroaorbic  acid  (a  Maleic  acid,  iii. 
784). 

Pyroat«.irin 

l*yrosiibite  (a  Kermeaite,  iii.  446). 

Pyrutartaric  acid 

Pyrotartratea  .... 
Dibromopyrotartaric  acids  . 
Pyrotartaric  Anhydride  . « 

Pyrotartaric  Ethert  .... 
PyrotarlraDil 


I PyroUrtranilic  acid 

765  ; Pyrotartrimide  .... 

— ! PyrotartroJiilranil 

— ' Pyrotarlronitranilic  acid  . , 

— - i Pyrolcchny 

— Pyrotcrebic  acid  .... 
Pyro-uric  acid  (a.  Cvannric  acid,  ii. 

766  288). 

767  Pyroxam  («•  Xyloldin), 

768  Pyroxatitbin  .... 
ryoxantbogen  .... 

, Pyroxeiie  ..... 

769  , Pyroxcnite  .... 

Pyroxylin 

— Guncotton  .... 

— Preparation 

Properties  .... 

— I Decompositions . 

770  i Applicat.oii  to  Gunnery  . 

— Application  to  other  Military 

‘ purposes. 

Application  to  Blasting 

— Pyroxylin  for  the  preparation  of 

— Coilo<liou  .... 

— Pyrrhite 

771  Pyrrhol  (a.  Pyrrol). 

Pyrrhopiiio 

' Pyrrhoretiii 

— l‘yrrhosiderite  (a.  Giitbite,  iL  940). 

I Pyrrhotin 

— I Pyrrol 

772  Py'iToI-red 

773  I Pyruvic  acid  (a,  Pyroraceroic  acid,  p, 

774  I 769;. 

— ' Addendum; — Niobium 
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•iA 
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US 

144 

1.H 

1.SS 

167 

169 

170 

171 
178 
175 
IHS 

184 

185 
191 
199 
288 


LIXK 

26« 

13 

16 

17* 


6* 

17 
30* 

18 
20 

7* 

18» 

6» 

8* 

3 

81* 

81« 

SO 

41 


296 

817 

861 

883 

385 

898 

400 

411 


14* 

27,  29  And  61 
' 85 

15 
36 

9* 

81* 

I 29 


413 


22 


418  9« 


425 

429 

480 

433 

486 


98 

21 

3 

4 

13" 


443  81* 

445  11 


■ KHOK 


CORKECnOlt 


C^H“NO*  C*H"NO» 

m.  997  UI.  967 

1 14-6  + 6 . 35-5 114  6 -f  5 . 85'5 

from  the from 

C**H"0*C.»S*0 C‘»H”0.C^«0 

and  hjdrocarbouoat  and  a bydrocarbonoua 

take  OQ  the  form  take  the  form 

and  raiiable  and  a Tariabie 

, If and  If 

in  them  on  tbeee 

or  moljbdic  dele  or 

oaator-oil.idoobol caator-oil  alcohol 

C*H*HgS.HgCl (riPNgSM^a 

heptjrl  beptjlene 

in  with 

Dute ante 

[8],  61  

leee more 

extended extruded 

Te(CH*)‘ Te(CH*)' 

T*- +“"{,0^,.  ..  wc-n-,- + 

H*C1 HCT 

Logwood Braxll  wood 

Le licwt 

0-7 0-8 

M high  ai abOTo 

(NO*)* <N(>*)‘ 

H'Ba"  H*Ba" 

) N C'UVKO*)  I V 

•Uphenylenlo  xcnylcnic 

phcnylenllc  xenylenio 

(••li*0*  + C*H*K C*H*0*  + 2C*H’N 

C*H»NO  + 2U»0 2C*H*N0  + H*0 

xA’lyl  formyl 

H» H*» 

CrifN"'  

4M  461 

c**n*N* 

C*HBrN"'»v»,  C*HBrN'"[v* 

cyaniline cyananlline 

2C*H’IN  2C*H*IN 
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